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1. Introduction
As approved in RAN #80 and updated in RAN #81, following objective as one of Rel-16 WID MIMO enhancement objectives for NR shall be started from RAN1 94bis meeting to enhance multi-TRP/panel transmission with ideal and non-ideal backhaul in Rel-16 WID [1]:
Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI.

Related RAN1 agreements so far have been summarized in Section 6 for reference. 
2. Proposals for Online/Offline Discussion 
2.1. Multiple-PDCCH based multi-TRP/Panel transmission
In general, proposals 1-4 are UL related, proposal 5-8 are PDCCH related and proposal 9-16 are PDSCH related. 
PUCCH/HARQ-ACK 
For PUCCH resource grouping, companies further discussed pros and cons of two options from RAN1#98. From the review, there’s no majority view of preference between two options. Companies (CMCC, Lenovo, ZTE, LG, Intel, CATT, China Telecom, QC) supporting option1 presented advantages of option1 as better gNB scheduling flexibility, signaling overhead reduction in FR2 for PUCCH spatial relation updating, simple uplink multiplexing rule, etc., whilst, companies (Vivo, Samsung, Nokia, Panasonic, DOCOMO, Ericsson, Apple, HW) supports options 2 as they may see little benefits from option 1. Therefore, we have the following proposal for further discussion, which is the same with the agreement of RAN1 98: 
[Draft Offline Proposal 1]:  With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis,	Comment by Huawei: Agreement of RAN1#98

Option 1 (9): CMCC, Lenovo, ZTE, LG, Intel, CATT, China Telecom, Qualcomm, MTK
Option 2 (8): Vivo, Samsung, Nokia, Panasonic, DOCOMO, Ericsson, Apple, HW
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	LGE
	Support Option 1. It provides more scheduling flexibility on PUCCH resource selection per TRP and explicit group can be used for UE to differentiate UCI of TRP 1 and 2 and to simultaneously update spatial relation.

	Panasonic
	Support Option 2 as it doesn’t require any additional effort and allows network to handle the desired resource grouping

	QC
	We support Option1. The specification impact is simple, and the benefits are clear as discussed before. Enhancing flexibility for DL control (increase # of CORESETs / BDs / CCEs as agreed) as well as UL control (that can be achieved by Option 1) are both beneficial for mDCI mTRP operation. In addition, it is needed for the purpose of the next proposal (please see QC’s comment for Proposal 2 below).

	Ericsson
	Support Option2. We don’t see any issue without explicitly configured PUCCH groups. On the benefit of better gNB scheduling flexibility, this won’t be realized since there is no agreement to increase the number of PUCCH resources per PUCCH resource set.  Furthermore, increasing the number of PUCCH resources per PUCCH resource set doesn’t make sense for NC-JT as NC-JT is essentially a low load use case.  Given there is no consensus on agreeing Option 1, the default should be Option 2 which is implementation based.  On PUCCH group for spatial relation update purpose, it should be left to the Multi-beam session. 

	Intel
	Slightly prefer option 1. Our intention was to re-use explicit PUCCH resource grouping (if agreed from spatial relation update issue) and associate with higher layer index per CORESET. This allows a separate 3-bit code-space for PRI (PUCCH resource indication). We are okay to postpone this till more progress from MB.

	ZTE
	Support option 1. 
In FR1, the two options may have no much difference. However, in FR2 which is also very important, the number of candidate beams for each TRP will be half if Option 2 is adopted. So the benefit of option 1 is obvious.
If PUCCHs are not schedulded by PDCCH(e.g. SR PUCCH and P/AP CSI on PUCCH),option 1 is beneficial to handle the issue . 

	DOCOMO
	Support option 2. Agree the analysis from Ericsson.

	Lenovo, Motorola Mobility
	We support Alt 1 for ease of UCI multplexing. 

	vivo
	Support Option 2
Configuring explicit PUCCH resource grouping over resources or resource sets may be a redundant work as grouping can be implemented by the existing functions such as sub-slot.

	Samsung
	Support option 2
Explicit PUCCH resource grouping, and consequently ensuring TDM across different PUCCH resource groups, results in low utilization of time resources. Also, it is questionable which PUCCH resources are to be grouped: only for HARQ-ACK? Including for CSI and SR? If so, what is the reason? We think that implicit grouping by NW implementation also can achieve a proper time resource utilization but without additional efforts on designing detailed structures and signalling to implement explicit grouping which seems challenging to finish in the only 2 remaining meetings.

	MTK
	Support Option 1. 

	CATT
	Considering the flexibility in PUCCH resource selection, option 1 is preferred.

	Nokia
	Support option 2. Option 1 is not essential for M-DCI M-TRP operation. 
There will be no spec impact on option 2 and left to implementation to handle the PUCCH grouping between TRPs. 



For uplink transmission, following discussion in RAN1#98 (draft proposal 5), three solutions are identified based on tdoc review. Most companies may see the need of identifying which TRP uplink channel is associated to, e.g. PUCCH conveying CSI/SR. With proper uplink TRP differentiation and in case of PUCCH/PUSCH overlapping, OPPO, LG, Nokia, Lenovo, DOCOMO and HW prefer to define multiplexing within a TRP to be aligned with Rel-15 spec as much as possible and introduce dropping rules between TRPs.  Whilst Intel and QC prefer a simple UE implementation so that dropping rule is not needed and TDMed transmission among TRPs is ensured by proper gNB implementation. Moreover, Vivo proposed a solution that UE doesn’t expect a PUCCH for CSI/SR overlap with more than one PUCCH for HARQ-ACK, therefore whichever TRP that PUCCH for CSI/SR is targeted, it will be multiplexed with overlapping PUCCH for HARQ-ACK. Therefore, we have the following proposal for further discussion:
[Draft Offline Proposal 2]:  For multi-PDCCH based multi-TRP/panel transmission, 
· Alt1: the UE can multiplex overlapped PUCCHs or overlapped PUCCH and PUSCH, only if associated HigherLayerIndexPerCORESET for overlapped PUCCH(s) or PUSCH have same value. Otherwise dropping rule shall be applied according to pre-defined priority.	Comment by Huawei: OPPO, LG, Lenovo, DOCOMO, HW, Spreadtrum, Panasonic, SS
· Alt2: the UE can multiplex overlapped PUCCHs or overlapped PUCCH and PUSCH, only if associated HigherLayerIndexPerCORESET of overlapped PUCCH(s) or PUSCH have the same value. And the UE does not expected to be indicated with overlapping PUCCH resources or overlapping PUCCH and PUSCH, if associated HigherLayerIndexPerCORESET have different values.	Comment by Huawei: Intel, Qualcomm, ZTE, MTK
· Alt3: UE doesn’t expect a PUCCH or PUSCH overlapping with more than one PUCCHs conveying HARQ-ACK.	Comment by Huawei: Vivo
· Alt4: PUCCH/PUSCH collision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs toward different TRPs. For PUCCH/PUSCH toward the same TRP, Rel-15 multiplexing rules apply.	Comment by Huawei: E//, MTK, Nokia, Intel, Apple

[Updated Proposal 2]:  
For multi-PDCCH based multi-TRP/panel transmission, when separated A/N feedback is enabled, the UE can multiplex a PUCCH conveying A/N with overlapped PUCCH/PUSCH conveying CSI/SR if associated TRP for overlapped PUCCH/ PUSCH is the same by applying Rel-15 multiplexing rules. 
· Alt1: if overlapped PUCCHs or overlapped PUCCH/PUSCH toward different TRPs, pre-defined dropping rule(s) shall be applied in order to drop PUCCH/PUSCH toward one of TRPs. FFS exact details of rule(s) 
· Alt2: UE does not expect overlapped PUCCHs or overlapped PUCCH/PUSCH toward different TRPs. FFS how to capture the restriction in spec and associated RRC impact if need

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Our understanding is that for ideal backhaul, UE can multiplex overlapped PUCCH or overlapped PUCCH and PUSCH no matter whether higher layer index is configured to be the same or not. The only issue is the case of non-ideal backhaul. To configure higher layer index in a CORESET does not mean this is a non-ideal backhaul case. One simple way is to handle this case by gNB implementation. Thus UE can multiplex PUCCH/PUSCH based on what is specified in Rel-15, and gNB can select proper configuration to avoid collision.

	Spreadtrum
	Support Alt1.

	OPPO
	Support Alt.1. It should be clarified that at least one of the overlapped PUCCHs here is used to carry CSI/SR, otherwise it will be overlapped with the discussion of ACK/NACK multiplexing. For Alt.2, the PUCCH/PUSCH resources for different TRPs should be reserved semi-statistically to ensure TDM with non-ideal backhaul, which would lead to considerable uplink resource overhead.

	LGE
	Support Alt 1. In case of SR and CSI, how to associate UCI with TRP is not clear yet, which may be possible with explicit PUCCH resource group or explicit indication in SR and CSI configuration. Also, if joint A/N feedback is enabled with RRC signaling, we can use Rel-15 multiplexing/piggyback rule since TRPs are ideal backhaul. So, we suggest to revise the proposal as follows:

For multi-PDCCH based multi-TRP/panel transmission, when separate A/N feedback is enabled with RRC signaling,
Alt1: the UE can multiplex overlapped PUCCHs or overlapped PUCCH and PUSCH, only if associated HigherLayerIndexPerCORESETTRP for overlapped PUCCH(s) or PUSCH have same valueare the same. Otherwise dropping rule shall be applied according to pre-defined priority.
Alt2: the UE can multiplex overlapped PUCCHs or overlapped PUCCH and PUSCH, only if associated HigherLayerIndexPerCORESETTRP of overlapped PUCCH(s) or PUSCH have same valueare the same. AndOtherwise, the UE does not expected to be indicated with overlapping PUCCH resources or overlapping PUCCH and PUSCH., if associated HigherLayerIndexPerCORESET have different values.
Regarding Alt 2, If PUCCH overlapping between the two TRP is not allowed, available time resources for PUCCH per TRP are very limited. This is because all PUCCH resources in PUCCH group 0 should be configured in different time with all PUCCH resources in PUCCH group 1. For example, each PUCCH resource in PUCCH group 0 should be TDMed with PUCCHs for P/SP CSI, PUCCHs for potential SR and PUCCHs for potential A/N in PUCCH group 1 and vice versa. If PUCCH overlapping between the two TRP is not allowed in this situation, it causes a coverage limitation or UCI reporting latency. For example, 1st half slot is used for PUCCH for TRP 1 and 2nd half slot is used for PUCCH for TRP 2. In this case PUCCH coverage is limited, which is problematic given that Multi-TRP UE is probably located at cell edge. As another example, even and odd slots are used for PUCCH for TRP 1 and 2, respectively, causing UCI reporting latency. Therefore, it is not desirable that gNB always configure non-overlapping PUCCH resources of different PUCCH groups.

	Panasonic
	Support option 1. 

	QC
	We support Alt2. A couple of clarifications are needed as also pointed out by LG and Apple:
· The proposal is only applicable for separate feedback. For joint feedback, Rel. 15 rules should be followed as two different UL channels can be multiplexed even if they correspond to different TRPs as the backhaul condition allows for that.
· HigherLayerIndexPerCORESET is configured per CORESET. Similar parameter (with the same or different name) needs to be configured per PUCCH resource (option 1 in proposal 1) or per CSI-ReportConfig in order to determine the association. 

Regarding the limitation pointed out by LG for Alt2, we do not agree. TRPs can semi-statically decide on a pattern for UCIs that need more symbols for better coverage. For example, in a subset of slots, one TRP can use more symbols than the other one for PUCCH. Therefore, PUCCH resources in group 1 and group 2 do not need to be completely non-overlapping. 

Regarding Alt1: There are the following downsides: 1) This results in the TRPs having to try multiple blind decoding attempts as one TRP is not aware of UL channels for the other TRP with non-ideal backhaul, and hence, does not know which UL channels are dropped based on the actual collision conditions at the UE side 2) Results in DL / UL Tput loss 3) Priority rules when considering all combinations of UCI payload and whether the combination is multiplexed with a PUSCH introduces more complexities to UCI multiplexing / dropping rules of Rel. 15 and as well as the priority rules being discussed in Rel. 16 eURLLC for different service types.

Regarding Alt3: The condition in Alt3 cannot solve the issue entirely. Example: CSI1 (first TRP) and CSI2 (second TRP) are to be transmitted in a slot while HARQ-Ack for TRP1 is requested and overlaps with both CSI1 and CSI2. According to the condition in Alt3, this is allowed, but UE will end up multiplexing all three UL channels, which is undesirable for non-ideal backhaul. In addition, two HARQ-ACK codebooks can be simultaneously constructed for supporting different service types (for the same TRP) based on eURLLC agreements, and one PUCCH/PUSCH can overlap with more than one HARQ-Ack (for the same TRP). It seems that Alt3 precludes that.

Additionally, we think if UE supports two PUCCH groups (note that it already supported in Rel. 15, and here, two PUCCH group should not be confused with two PUCCH resource groups discussed in Proposal 1 / 2), then UE can simultaneously transmit the two PUCCHs to the two TRPs. In this case, dropping or TDMing is not needed. This is a simple enhancements that is based on Rel. 15 capability and we think should be considered. For more details, please see our contribution (R1-1911126). 

	Ericsson
	We have a question regarding Alt1 and Alt2.  What is meant by ‘associated HigherLayerIndexPerCORESET for PUCCH(s)’?  There is no agreement on directly associating HigherLayerIndexPerCORESET with a PUCCH resource.  But the PUCCH resource indicator field in a PDCCH associated with HigherLayerIndexPerCORESET can indicate a PUCCH resource, which is possible without additional specification.  So we prefer to clarify this first.
We’d like to add and support another option, i.e.,
Alt4: PUCCH/PUSCH ollision between different TRPs can be avoided by implementation and UE doesn’t expect overlapping PUCCHs/PUSCHs toward different TRPs. For PUCCH/PUSCH toward the same TRP, Rel-15 multiplexing rules apply. 

	Intel
	Regarding Alt-1 – we are not sure we have time to work through all the issues of dropping rules if we go with this. Alt-2 was our initial intention to minimize specification impact. We are okay to do nothing which makes us fall back to NW implementation based collision avoidance (same as Alt-4 from E/// ?)

	ZTE
	Support Alt.2 
In Alt.1, some A/N is dropped, the corresponding PDSCH is wasted then. This conflicts with the motivation of M-TRP which is to improve DL efficiency. So Alt.1 is not preferred. Alt.3 is too restricted.


	DOCOMO
	Support Alt.1. For Alt.2, it is not always feasible for non-ideal backhaul. In case PUCCH for HARQ-ACK is scheduled for one TRP, and PUSCH is scheduled for another TRP, it is difficult for the network to ensure non-overlapping b/w PUCCH and PUSCH for non-ideal backhaul since TRPs cannot coordinate the dynamic scheduling timely. If PUCCH is for P/SP-CSI, it is possible to ensure non-overlapping PUCCH and PUSCH, while this may impose some scheduling restriction on the network. Therefore, Alt.2 doesn’t work well in some cases. In addition, although it is possible to multiplexing PUCCH/PUSCH for different TRPs for ideal backhaul, it may be not necessary to optimize this case considering the limited time. Therefore, we prefer to simply define dropping rule if PUCCH/PUSCH for different TRPs are overlapped. So, Alt.1 is preferred.

	Lenovo, Motorola Mobility
	We support Alt 1 as this enhances the PUCCH resource configuration flexibility and UCI multiplexing for each TRP. 

	Vivo
	We agree with Apple’s comment that “for ideal backhaul, UE can multiplex overlapped PUCCH or overlapped PUCCH and PUSCH no matter whether higher layer index is configured to be the same or not.” However, Alt1, Alt2 and Alt3 all preclude the above possibility.
For non-ideal backhaul, non-overlapping PUCCH/PUSCH for different TRPs can be ensured by the network which Alt4 is proposing.
Anyway, Alt3 is a valid proposal which is not related to whether higher layer index is configured to be the same or not.

	Samsung
	Support Alt1. 
1. Since they assume HigherLayerIndexPerCORESET to be configured for PUCCHs and PUSCHs, we need to jointly discuss the details on such configuration. These Alts may cause RRC impacts of which details need to be finalized within this meeting.
2. We think that Alt 1 is a superset of Alt 2 since under Alt 1, Alt 2 can be done via NW implementation. And the reason to exclude dropping rule in Alt 2 seems unclear, which is already supported from Rel-15 and reduces the flexibility of gNB.
We do not understand the exact meaning of Alt3.

	MTK
	Support Alt 2. Regarding Alt 1, dropping rules are in general used for some rare colliding cases with performance degradation; the gain of M-DCI based PDSCH transmission may not be kept after further considering the loss of PUCCH. Some more specification efforts are also needed for dropping rules. We are also ok with Alt 4 proposed by Ericsson. 

	CATT
	For independent feedback, overlapped PUCCHs are not expected. For joint feedback, Rel-15 multiplexing mechanisms can be reused. Furthermore, this issue is related to multi-PUSCH transmission, which has not been discussed up to now.

	Nokia
	Support E/// and Intel suggestion. This can be easily handled by the network implementation. Also it is understood that M-TRP benefits are on low RA scenarios, and these overlaps may never exist with proper gNB scheduling. 



In RAN1 98 the generation of joint HARQ-ACK codebook was agreed for semi-static codebook, but the mechanism for generating dynamic codebook is still FFS. According to tdoc review, the preference is in general diverse among alternatives for the agreement of RAN1#98, for example  Alt1 is preferred by Vivo, LG, DOCOMO, CATT, Ericsson, China Telecom, Xiaomi, and Qc, whilst Alt2 is preferred by ZTE, Samsung, Lenovo, Intel, Panasonic, and HW. 
[Draft Offline Proposal 3]: For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis, 	Comment by Huawei: Agreement of RAN1#98

Alt1 (7): Spreadtrum, OPPO, QC, Ericsson, DOCOMO, Vivo, CATT
Alt2 (5): Panasonic, ZTE, Lenovo, Samsung, HW 
Alt3 (compromise):  one TRP with separated DAI and another TRP with joint DAI
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Spreadtrum
	Support Alt 1.
For Alt.2, there exists reliability issue. For example, when UE misses to detect the last DCI of the TRP with lower higher layer index configured per CORESET, gNB would be confused which of the two last DCIs from two TRPs is missed. Then it would result in the inconsistent understanding about HARQ-ACK information between gNB and UE. Thus, we prefer Alt1.

	OPPO
	Alt.1 is preferred considering consistency with Rel-15 and the case that last DCI is lost for one of the TRP.

	Panasonic
	Support Alt. 2
In our understanding, both the above alternatives are reasonable solutions for handling how the DAI is counted across two TRPs. However, we prefer Alt 2 as the number of counter DAI can be less than Alt 1.


	QC
	Support Alt1. The benefit of Alt1 is clear (robust HARQ-Ack operation) and reuses the CA DAI operation of Rel. 15. In addition, Alt2 has impact on UL DCI (for multiplexing UCI on PUSCH) as it results in two total DAI fields in UL DCI format 0_1 in the absence of CBG-based A/N (for the 2 sub-codebooks), and four total DAI fields in UL DCI format 0_1 in the presence of CBG-based A/N (for the 4 sub-codebooks).

	Ericsson
	Support Alt 1. The main use case for joint A/N feedback with multi-DCI is for ideal backhaul with a single scheduler.  Therefore, both counter DAI and total DAI should be counted across TRPs.

	ZTE
	Support Alt.2 to get unified design for both type I and II HARQ codebook.

	DOCOMO
	Support Alt.1. 
Firstly, we agree with Ericsson that the main use case of joint ACK/NACK feedback is for ideal backhaul. In addition, Alt.1 is beneficial to avoid HARQ-ACK codebook size ambiguity due to DCI miss detection.  And it is more aligned with Rel.15 DAI counting where UE only need to perform DAI counting based on counter DAI and total DAI value. 

	Lenovo, Motorola Mobility
	Support Alt 2. This makes the codebook structure more similar to semi-static codebook. 

	vivo
	Support Alt 1. It has no spec impact as it has same behavior as Rel-15 UE.
Structure of joint dynamic HARQ-ACK codebook needn’t to be similar to that of joint semi-static HARQ-ACK codebook since dynamic HARQ-ACK codebook and semi-static HARQ-ACK codebook themselves are not structured in the same way.

	Samsung
	Support Alt.2. 
Alt1 requires tighter coordination among TRPs than Alt2 to align DAIs at the scheduling instant. Such coordination may not be available in the non-ideal backhaul scenario, which is the main use case of multi-PDCCH based NC-JT.
Furthermore, there is no clear evidence on the potential performance difference between Alt1 and Alt2.

	CATT
	For joint dynamic codebook, we don’ see the need to keep the same mechanism as joint semi-static codebook. Considering the impact of last DCI missing with Alt 2, we preferred Alt 1.

	Nokia
	We propose a compromise on Alt. 1 and Alt.2 to end this discussion. 
Both flavors are useful, has their own benefits. One TRP could use separate counting while other TRP does the joint counting. The TRP with the better channel quality towards the UE can use the joint counting. 



Another remaining issue for joint HARQ-ACK feedback is the ambiguity of last DCI determination. The majority view from ZTE, Vivo, Lenovo, DOCOMO, Intel, China Telecom, is to prefer Alt1 for PDCCH sorting. Rel-15, as a reference, have specified that “for PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes.” Therefore, we have the following proposal for further discussion, which is the same with draft offline proposal 3 in RAN1 98: 
[Draft Offline Proposal 4]: For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  	Comment by Huawei: Draft offline proposal 3 of FL summary from RAN1#98 

Spreadtrum, OPPO, Panasonic, QC, Ericsson, Intel, ZTE, DOCOMO, Lenovo, Vivo, Samsung, CATT, Nokia
· Alt1: DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.
· Alt2: DCIs are first indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion and a same higher layer index per CORESET, then indexed in an ascending order across PDCCH monitoring occasion indexes with a same higher layer index per CORESET, and finally indexed in an ascending order across higher layer indexes per CORESET.

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Spreadtrum
	Support Alt1

	OPPO
	Alt.1 can avoid the last DCI to be always associated with one TRP. For example, gNB can override the PUCCH resource via a DCI transmitted after the former DCI.

	Panasonic
	Support Alt. 1

	QC
	Support Alt1.

	Ericsson
	Support Alt 1 with DCI indexed in the order of TRP, cell, and then PDCCH monitoring occasion

	Intel
	Alt-1

	ZTE
	Support Alt.1
It seems HW also supports Alt.1 based on the proposal 3 in their tdoc. 
Alt. 2 is not preferred since the last DCI may be before the other DCIs. gNB needs to determine the last DCI before other PDCCH transmission.

	DOCOMO
	Support Alt.1. PDCCH monitoring occasion should be indexed at last. In addition, the DCI indexes in Alt.1 are the same as the counter DAI value for joint DAI counting.

	Lenovo, Motorola Mobility
	Support Alt 1. 

	Vivo
	Support Alt1.

	Samsung
	Support Alt1 which is more aligned with Rel-15 behavior.

	CATT
	Support alt 1.

	Nokia
	Alt.1








PDCCH
In email discussion [98-NR-19], the general principle of BD/CCE enhancements were agreed. There were a few FFS to be further checked. 
Since the BD/CCE limit per TRP was agreed as no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213, companies, e.g. ZTE, DOCOMO, Intel, QC, and HW have proposed a few Alts of overbooking rules to take that limit into account. The general observation is that when mapping USS set with BD/CCE numbers, the UE needs to check the limit for each TRP. Details are slightly diverse whereas LG and HW prefer to drop all remaining USSs for the simplicity, while ZTE, DOCOMO prefer to drop remaining USSs only in corresponding TRP when USS set I does not satisfy BD/CCE limit of TRP limit. QC also suggested that overbooking is done only for the SS sets associated with the CORESET(s) that are configured with the first value of the higher layer index.
The other remaining issue is how to how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission. From the review, the common view is that it’s determined from HigherLayerIndexPerCORESET configurations. However, ZTE and Samsung proposed different solutions. ZTE suggested to determine it from scrambling ID configuration, but Samsung found that a new RRC parameter may be also a feasible solution.
Moreover, companies, e.g. Intel and Samsung, are interested on how to utilize reported value r more efficiently. Intel made some comparison of using r=1 as Rel-15 and r>1 as UE reported value so that each value gives rise to different pros and cons. Therefore they suggested that NW should have the ability to adopt preferred value of r for a given serving cell, i.e. reuse Rel-15 BD/CCE limits per slot per CC even UE has reported r>1.


Lastly, companies were encouraged to check whether enhancements are needed for bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG. QC sees the need to enhance  and  in case of multi-PDCCH based multi-TRP/panel transmission.
Therefore, we have following proposals for further discussion:
[Draft Offline Proposal 5]: For a DL serving cell configured with multi-PDCCH based multi-TRP/panel transmission, in the case of PDCCH overbooking for PDCCH candidates monitoring,  	Comment by Huawei: To address following FFS from email discussion
FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.

Alt1 (2): LG, Ericsson, 
Alt2 (5): ZTE, DOCOMO, Vivo, Samsung (at least for r=1), Nokia
Alt3 (2): Qualcomm, Vivo

· Alt1: when USS set I does not satisfy either BD/CCE limit of that serving cell or BD/CCE limit of TRP limit, the UE shall drop all remaining USSs (≥i).
· Alt2: when USS set I does not satisfy BD/CCE limit of a TRP (i.e. identified by the value of HigherLayerIndexPerCORESET), the UE shall drop remaining USSs (≥i) associated with CORESETS configured with the same value of HigherLayerIndexPerCORESET.
· Alt3: overbooking is only applicable to USS sets associated with the CORESET(s) that are configured with HigherLayerIndexPerCORESET=0.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	We think overbooking should be considered as an error case.

	LGE
	Support Alt 1, which is simpler than Alt 2 and more flexible than Alt 3.

	QC
	We support Alt3 as it has the least specification impact and is aligned with Rel. 15 that overbooking is done with respect to one limit only and not the total limit (i.e. only in the primary cell). Alt1 and Alt2 increase the UE complexity as multiple conditions need to be checked simultaneously for overbooking. We understand that Alt1 or Alt2 can be provide more flexible overbooking, but if such a joint overbooking was not needed in Rel. 15 for the case of 
CA (e.g. by looking at total limit and per scheduled cell limit jointly), why it is needed here?

	Ericsson 
	Alt.1

	Intel
	To clarify, is this for both Pcell and Scell. For Pcell we want to clarify: if r=2, then just checking TRP limit should be sufficient which makes Alt-1 and Alt-2 equivalent? If r=1.5 then perhaps BD/CCE limit of that serving cell needs to checked in addition to TRP specific limits (Alt-1).
Regarding Alt-3, so far search space sets can be assigned and re-assigned to CORESETs purely based on queued traffic and QCL considerations without regards to re-configuration of search space sets across TRPs. This would be no longer possible if overbooking is disallowed for 1 but allowed for 0. This would be a restriction for multi-TRP operation on the NW. 

	ZTE
	Support Alt.2 with clarification.
Limit of the serving cell should also be included in Alt. 2.  So Alt.2 should be updated as 
Alt.2 when USS set I does not satisfy BD/CCE limit of a TRP (i.e. identified by the value of HigherLayerIndexPerCORESET), the UE shall drop remaining USSs (≥i) associated with CORESETS configured with the same value of HigherLayerIndexPerCORESET.When USS set I does not satisfy BD/CCE limit of a serving cell, the UE shall drop all remaining USSs (≥i) .
Even we agree Alt.3, the limit for both TRP and serving cell should be used when overbooking is only in TRP0. So Alt.3 and other alternatives are not conflicted.
Alt.1 introduces too much restriction, and causes resource waste. For example, the BD limit of serving cell is 10, and BD limit of TRP is 5. 20 configured USS (USS 0- 9 are for TRP0, USS 10-19 are for TRP1 ). Based on Alt.1,  only USS 0- 4 will be decoded by UE, all others will be dropped. However, based on Alt.2, USS 0-4 and 10-14 will be decoded by the UE.   

	DOCOMO
	Support Alt.2.

	vivo
	Support both original Alt2 and Alt3. 
For Alt2, we think the original wording is ok at least for the case when r value is equal to 2. As long as TRP limit is applied, the cell limit would automatically be satisfied. Even for the case when r is 1.5, we could use the same methodology as for the CA that it is an error case the total limit is over cell limit after dropping. 
We have similar view as QC on Alt3 as overbooking is conducted only on Pcell for CA and there is no need to extend the overbooking to TRPs other than the “broadcasting” TRP.

	Samsung
	For Scell, the existing rule should be kept, i.e. no overbooking is expected for Scell.
For Pcell, we support Alt.2 at least for r=1, i.e. when the legacy BD/CCE limits are used.

	Nokia
	Support Alt.2.




[Draft Offline Proposal 6]:  If a UE can support and report r>1 for a downlink cell configured with M-DCI based M-TRP/panel transmission , the value of r to be applied, i.e. either 1 or reported value, is configurable.  	Comment by Huawei: To address following FFS from email discussion
FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.

Yes: Intel, Samsung, 
No: Apple, QC, Vivo, CATT, 

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	We failed to see the necessity for this proposal.

	QC
	We do not support this proposal. The value of r is a UE capability.

	Intel
	Our intention is to allow multi-DCI multi-TRP operation on a CC with Rel-15 BD/CCE limits irrespective of UE capability reporting – one mechanism to do this is to use a separate RRC parameter (Proposal 7) to indicate that r=2 (e.g.) is to be used for a particular CC if UE capability reports r=2. The reason is clear – doubling of BD/CCE can lower PDCCH candidate selection possibilities in Scells which have no overbooking, so a gNB has to drop a CC or re-configure search spaces on other CCs which should not be mandated for multi-TRP operation.

	ZTE
	We support r=[1,1.5,2].

	Vivo
	This proposal is not needed.

	Samsung
	Needs at least for r=1 and 2.

	CATT
	Agree with QC, the value of r is a UE capability.

	Nokia
	If the UE report r = 2, then network can support either r = 1 or r = 2 by configuration. We have hard time to understand the benefit that brings by limiting the r to a lower value by the network. 




[Draft Offline Proposal 7]: A DL serving cell is determined to be configured with multi-DCI based multi-TRP transmission, 	Comment by Huawei: To address following FFS from email discussion
FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.

Alt1(10): Apple, OPPO(active BWP), LGE, QC(2nd), ZTE, Lenovo, Vivo(active BWP), Samsung, ITRI, Nokia
Alt2 (2): QC(2nd), ZTE, 
Alt3 (5): QC, Ericsson, Intel(r>1), Samsung, MTK

· Alt1: if at least one BWP in the serving cell is configured with two different values of HigherLayerIndexPerCORESET in the configured CORESETs
· Alt2: if at least one BWP in the serving cell is configured with two PDSCH scrambling IDs
· Alt3: if that cell is labeled by a new RRC parameter
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support Alt1 with a change “at least one BWP”  “active BWP”

	OPPO
	Alt.1 is preferred. If “at least one BWP” is changed to “active BWP”, when UE is dynamically scheduled from one BWP with single value of index to another BWP with multiple values of index, how UE will count the BD/CCE number may be an issue.

	LGE
	Alt 1

	QC
	We prefer Alt3, but we are open to Alt1 or Alt2.

	Ericsson
	We have two CORESET with different TCI states (necessary, but can also happen in single TRP case), we can have two scrambling IDs (but not necessary) or we can have higher layer index per CORESET (not necessary in case there is no ambiguity in HARQ-ACK generation). But we need to inform the UE to detect two PDCCH to schedule two PDSCH. Note that HigherLayerIndexPerCORESET may not be configured in cases where there is no ambiguity for codebook generation (Please see the note from agreement in RAN1#97:  ‘Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE’).  In our view this would be a new RRC parameter would be needed.  Hence, we support alt.3

	Intel 
	Prefer Alt 3 with addition that this parameter is only used if r>1 and used along with the value of r to determine BD/CCE limits for the cell. Also agree with the E/// arguments above

	ZTE
	Either Alt.1 or Alt.2 is OK because of no further RRC impact 

	Lenovo, Motorola Mobility
	Support Alt 1. 

	Vivo
	For ideal backhaul, we agree with Apple and OPPO
We would modify Alt1 to Alt4:
Alt4: if the active BWP in the serving cell is configured with two different values of HigherLayerIndexPerCORESET in the configured CORESETs at least for ideal backhaul.

	Samsung
	Support Alt1 or 3 which is the simplest/intuitive.

	ITRI
	Alt1

	MTK
	Alt 3 is preferred.

	Nokia
	Alt.1. But this is not something that need specific agreement. If we do not agree anything, it is Alt.1 by default. 





In email discussion [98-NR-17], RRC parameters were endorsed based on agreements made up to RAN1#98. The remaining issue is the value range of parameter HigherLayerIndexPerCORESET, as shown below.  Nokia prefers to have up to four candidate values since up to five CORESETs are allowed within a pdcch-config so that it is reasonable to assume that more than two TRPs sharing these CORESETs can be more practical and future proof design for multi-TRP operation. OPPO, ZTE, Intel, Ericsson, Apple may prefer to have simply binary value of parameter HigherLayerIndexPerCORESET. Therefore, we have the following proposals for further discussion:
[Draft Offline Proposal 8]: The candidate values of higher layer parameter HigherLayerIndexPerCORESET are [0:1: M], 	Comment by Huawei: To address following FFS from RRC parameter discussion
[0:1:M] FFS M>1

Alt1: Spreadtrum, OPPO, LGE, Panasonic, QC, Ericsson, Intel, ZTE, Lenovo, Vivo, Samsung, ITRI, MTK, CATT, 
Alt2:  DOCOMO, Nokia
· Alt1: M=1
· Alt2: M=3
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Spreadtrum
	Support Alt1

	OPPO
	Atl.1. In current agreements, only two TRPs are assumed for multiple TRP transmission. For example, the number of CORESETs and PDSCH scrambling only considers the use case of two TRPs, and the HARQ-ACK transmission and multiplexing also only considers HARQ-ACK for PDSCHs sent from two TRPs. Larger values are not considered in Rel-16.

	LGE
	Alt 1

	Panasonic
	Support Alt. 1

	QC
	We support Alt1. 

	Ericsson
	It should be noted that the active TCI state corresponding to a CORESET can be controlled by MAC CE signaling already in NR Rel-15.  Hence, it is sufficient to configure two groups of CORESETs (via two values of HigherLayer-Index-PerCORESET) and the existing MAC CE functionality can be used to switch the active TCI state (i.e., active TRP) associated with a given group of CORESETs.  There is no need to have an index per CORESET larger than a binary index since at most two TRPs are active at a time.  Hence, we support Alt 1

	Intel
	Alt-1

	ZTE
	M=1

	DOCOMO
	We think Alt.2 can provide more flexibility for network coordination. And we don’t see any disadvantage to support this. So we prefer to support Alt.2.

	Lenovo, Motorola Mobility
	Support Alt 1. 

	vivo
	Alt1

	Samsung
	Support Alt1 for Rel-16.

	ITRI
	Alt1

	MTK
	Alt 1

	CATT
	Support Alt 1

	Nokia
	It seems that most of them thinks that Alt.1 is enough. But it was not clear that why to limit M = 1, is that RRC signaling overhead?  
The issue mentioned by OPPPO, there will be no HARQ ACK codebook construction problem, as network will make sure that only TRPs are active in the HARQ timeline.
E/// proposal is one way forward, but does not work in non-ideal BH.
Without exact issue highlighting, we should not cut our own hands on having this flexibility. For example, network can decide on three TRPs which are having non-ideal BH to support the UE and share the CORESETs among those. However, at a given time only two TRPs will be used, HARQ would not be a problem. The network can smoothly move to another TRP set support the UE. This could be essential for FR2 M-TRP support where multi-panel UEs exist, that UEs change the panels of reception or certain paths get blocked and alternative paths shall be selected by the network. We suggest companies to rethink given that this does not create additional burden in Rel-16. 




PDSCH
In last meeting, there were discussion for mechanism of CRS rate matching. Two options were listed for down-selection in this meeting. From the review, five companies, Vivo, SS, MTK, and Lenovo prefer Alt 1. On the other hand, the majority of companies, i.e. OPPO, ZTE, Nokia, LG, DOCOMO, Intel, CATT, Panasonic, Ericsson, QC, HW, may prefer Alt 2. Moreover, QC raised up a potential issue of determining DMRS position of PDSCH due to DMRS and CRS collision due to rate match around multiple CRS patterns.  Therefore we have the following proposal, starting from agreements we made in last meeting:
[Draft Offline Proposal 9]:  At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):	Comment by Huawei: Agreement in RAN1#98

Alt1 (7):  Apple, LGE, Lenovo, Vivo, Samsung, MTK, CATT
Alt2(10):  Spreadtrum, OPPO, Panasonic, QC, Ericsson, Intel, ZTE, DOCOMO, Nokia, HW
· Alt1:  configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2:  configured CRS patterns which are associated with a higher layer ignaling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
FFS how to handle collision of DMRS and CRS symbols if CRS patterns are configured.

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support Alt1. We fail to see the necessity to enhance this.

	Spreadtrum
	Support Alt2.

	OPPO
	Alt.2. In Rel-15, only the LTE CRS pattern of the TRP transmitting a PDSCH will be applied to rate-matching of the scheduled PDSCH,. For multiple TRP transmission, it is unreasonable to mandate UE to perform rate-matching on CRS patterns of both TRPs. If the gain from NC-JT is not significant enough, or when UE is dynamically switched to single TRP transmission, rate-matching on all CRS patterns may lead to even worse performance than single TRP transmission in Rel-15.

	LGE
	Prefer Alt 1 but separate discussion for S-DCI and M-DCI may be needed. 

	Panasonic
	Support Alt. 2 as it avoids unnecessary matching around LTE CRS on other DCI

	QC
	We prefer to discuss the FFS as part of the proposal. Specifically, we support Alt2 for the purpose of rate matching. However, for the purpose of DMRS shift, it should be independent of association of a CRS pattern with a higher layer ignaling index per CORESET. In addition, DMRS shift for a PDSCH should be independent of presence and scheduling parameters of the other scheduled PDSCH.  

	Ericsson
	We suggest to remove “at least” from the proposal and make an agreement for multi-DCI.  The proposal for single-DCI can be discussed separately.  Support Alt 2

	Intel
	Agree with E/// modification, Alt-2

	ZTE
	Support Alt.2
Even in LTE COMP, separate rate matching is used for different TRPs. Otherwise, CRS overhead is too much, especially if four CRS ports are considered (14.3% overhead per TRP). So Alt.1 will cause 28.6% overhead for each PDSCH transmission.

	DOCOMO
	Agree with Ericsson’s modification and support Alt.2.

	Lenovo, Motorola Mobility
	Support Alt 1. From UE side, PDSCH sent from multiple TRPs all suffer the same interference from LTE CRS, so there is no need to configure separate CRS patterns.

	Vivo
	Support Alt1

	Samsung
	Support Alt1. 
If a UE is able to receive PDSCHs from multiple TRPs, and those TRPs support both LTE and NR (which is one of the main scenario where this issue comes from), apparently the UE receives CRSs from the same TRPs. CRS rate matching is needed for the following two reasons:
Reason 1. To protect the received NR PDSCHs from CRSs
Reason 2. To protect the CRSs from NR PDSCHs
Regarding reason 1, Alt2 needs enhanced interference cancellation technique which requires higher UE complexity compared to Alt1.
Regarding reason 2, Alt2 definitely causes more interference to both CRSs which can degrade performance of coexisting LTE Ues compared to Alt1.

	MTK
	Support Alt 1 and have similar views with Samsung

	CATT
	Support Alt 1. Similar principle should be applied for other signals/channels. To be specific, rate matching should be conducted independently in each TRP as much as possible.

	Nokia
	Alt.2




For the issue of rate matching, except CRS patterns, other RS/channels were discussed in company contributions. From the review, there is majority view that periodic signals will be rate matched around by PDSCH irrespective of scheduling PDCCH, and aperiodic signals will be rate matched according to scheduling PDCCH. Therefore, the UE behavior is the same as Rel-15 and no spec impacts need to be handled. However, there may be diverse opinions/solutions of DMRS rate matching. Starting from draft offline proposal 3 from RAN1#96bis, Vivo, CATT, QC may prefer Alt1 whilst MTK, Ericsson may prefer Alt2. Therefore, we have the following proposal:
[Draft Offline Proposal 10]: For DMRS rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, down-select one alternative from following: 	Comment by Huawei: Draft offline proposal 3 from RAN1#96bis

Alt1 (10): Apple, Panasonic, QC, Ericsson, Intel, ZTE, Lenovo, Vivo, MTK, CATT
Alt2 (6): Spreadtrum, LGE, Ericsson, Intel, MTK, Nokia
Alt4: ZTE, 
Samsung: no need to discuss

· Alt1: For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.     
· Alt2: For PDSCHs scheduled by M-DCI, at least for eMBB, the UE can ignore a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs collide with DMRS REs associated with another PDSCH. 
· Alt3: CDM group without data for each TRP/panel should be configured and indicated to the UE prior to M-DCI NCJT
· Alt4: No further restriction whereas DMRS rate matching of a PDSCH follows associated DCI indicating CDM group without data. 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support Alt1

	Spreadtrum
	Support Alt2

	LGE
	We are fine with Alt 2 with following revision.
Alt2: For PDSCHs scheduled by M-DCI, at least for eMBB, the UE can ignore does not expect a PDSCH scheduling intended for that UE in a given slot if that PDSCH REs and DMRS REs collide with DMRS REs associated with another PDSCH

	Panasonic
	Support Alt. 1

	QC
	Support Alt1. In principle, Alt2 seems to be in the direction of Alt1, but we prefer the wording in Alt1 for more clarity. 

	Ericsson 
	Support Alt 2, also fine with Alt.1

	Intel 
	Alt-1 or Alt-2

	ZTE
	We support Alt.4 or Alt.1 with clarification.
Regarding Alt.1, what is ‘the total number of CDM groups that are used for both PDSCH’ ?
we prefer simple description
For fully/partially overlapped PDSCHs, UE doesn’t expects that the DMRS of a PDSCH collides with another PDSCH. 

	Lenovo, Motorola Mobility
	Support Alt 1. 

	vivo
	Support Alt1

	Samsung
	No need to discuss further, since the following Rel-15 spec already makes clear on this issue:

[TS 38.214 5.1.6.2]
When receiving PDSCH scheduled by DCI format 1_1, the UE shall assume that the CDM groups indicated in the configured index from Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] contain potential co-scheduled downlink DM-RS and are not used for data transmission, where "1", "2" and "3" for the number of DM-RS CDM group(s) in Tables 7.3.1.2.2-1, 7.3.1.2.2-2, 7.3.1.2.2-3, 7.3.1.2.2-4 of [5, TS. 38.212] correspond to CDM group 0, {0,1}, {0,1,2}, respectively.

In above spec, potential co-scheduled downlink DM-RS definitely includes the DM-RS scheduled by M-DCI.

	MTK
	We support Alt 2. Alt 1 also looks fine to us. If Samsung’s understanding is correct, we think it is equivalent to Alt 1. It doesn’t hurt to have such a conclusion/agreement.    

	CATT
	Support Alt 1.

	Nokia
	Alt.2




For restrictions of PDSCHs scheduled by multiple PDCCHs, several issues were discussed. 
For the alignment of PRG-level grid from multiple TRP, MTK, LG, Panasonic suggested to align PRG-level grid for multi-TRP, to reduce UE complexity of calculating multiple interference covariance matrixes. Samsung prefer to support RRC configured bundling size only for multi-PDCCH based multi-TRP transmission. Vivo may think it’s unnecessary to have the restriction of alignment. Therefore, we have the following proposal for further discussion:
[Draft Offline Proposal 11]: For multi-DCI based multi-TRP/panel transmission, for fully/partially overlapped PDSCHs,	Comment by Huawei: Alt1: QC, Intel, Vivo, CATT, Nokia
Alt2: LGE (including resource allocation as well), Ericsson, Samsung, 
Alt3: Apple, Spreadtrum, Panasonic, ZTE, MTK, LGE

· Alt1: there is no restriction of aligning PRG-grid of PDSCHs.
· Alt2:  the higher layer parameter prb-BundlingType can be only set to ‘staticBundling’,
· Alt3: In case of partially/fully overlapped resource allocation, when PRG of a PDSCH (e.g. PDSCH 1) is 2 or 4, the precoding of another fully/partially overlapped PDSCH (e.g. PDSCH 2) should be the same in each PRG of PDSCH 1 and allocated resource of the overlapped PDSCH 2 should be either fully overlapped or non-overlapped in each PRG of PDSCH 1.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support Alt3

	Spreadtrum
	Support Alt3. It benefits for UE to estimate interference.

	LGE
	We are fine to support ‘staticBundling’ only. However, even though PRGs of two TRP are same, UE needs to calculate interference covariance matrix multiple times in each PRG since it is possible that PDSCH 2 can be partially overlapped in each PRG of PDSCH 1, vice versa. So, we suggest to add one more condition to Alt 2 as follows: 
· the higher layer parameter prb-BundlingType can be only set to ‘staticBundling’ and allocated resource of the PDSCH of TRP 2 should be either fully overlapped or non-overlapped in each PRG of PDSCH of TPR 1, and vice versa.
In summary, we support Alt 3, and Alt 2 with the above revision.

	Panasonic
	Support Alt. 3

	QC
	We support Alt1. The DMRS CDM groups of the two PDSCHs are different based on the agreement. Hence, PRG alignment is not needed. 

	Ericsson
	Alt.2

	Intel
	Slightly prefer Alt-1: PRG misalignment can be solved by UE implementation by performing channel estimation procedure based on the smallest PRG size across the scheduled PDSCHs

	ZTE
	Support Alt.3 for low UE complexity 

	vivo
	Alt1

	Samsung
	Support Alt2 for two reasons
1. PRG-grid alignment for NC-JT operations with lower UE complexity
2. To easily support PRG-grid alignment for non-ideal backhaul / with low backhaul overhead

	MTK
	Support Alt 3

	CATT
	Support Alt 1. In MU-MIMO, PRG alignment is only needed for the case when co-scheduled DMRS ports are in the same CDM group. 

	Nokia
	Alt.1



Another remaining issue of PDSCHs scheduled by multiple PDCCHs is whether to have further restriction over PDSCH mapping types. For example, LG, Panasonic may prefer to focus on PDSCH mapping type A only. Therefore, we have the following proposal for further discussion:
[Draft Offline Proposal 12]: For multi-DCI based multi-TRP/panel transmission, for fully/partially overlapped PDSCHs,	Comment by Huawei: Alt1: Spreadtrum, Panasonic, MTK, CATT
Alt2: Ericsson, DOCOMO, Vivo, Samsung, 
Alt3: Intel, ZTE, Lenovo, Nokia
· Alt1: only PDSCH mapping type A + A is supported
· Alt2: only PDSCH mapping type A + A and B + B are supported 
· Alt3: there is no restriction for PDSCH mapping type
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Spreadtrum
	Support Alt1.
For PDSCHs with different mapping types, i.e. A + B, the network configuration complexity perhaps would be increased, and even it is hard to satisfy the DMRS configuration constraint above. In addition, PDSCH mapping type B is typically used for URLLC service. Multi-TRP transmission with non-ideal backhaul is more applicable for eMBB service. Thus, we prefer Alt1.

	Panasonic
	Considering the limited meeting time, Alt 1 should be sufficient for handling typical cases

	Ericsson
	Alt.2

	Intel
	Most of the combinations are ok in our view – there is one case we found for UE processing capability 2 where if the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is different for the two NC-JT PDSCHs then the current processing time calculations are not valid. We can simply say that “the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is not expected to be different for the two NC-JT PDSCHs for UE capability 2”

	ZTE
	Alt.3

	DOCOMO
	Support Alt.2. At least PDSCH type A + PDSCH type A from multiple TRPs should be supported.

	Lenovo, Motorola Mobility
	Support Alt 3. We see no need to limit the mapping type. 

	Vivo
	Alt 2

	Samsung
	Support PDSCH mapping type restriction for lower overhead on NW coordination.
On Alt1 vs Alt2, support Alt2 for better flexibility.

	MTK
	Alt 1

	CATT
	In case one or both of the PDSCHs are type B, it would be difficult to coordinate the transmission dynamically from two TRPs with non-ideal backhaul.  Therefore, it’s more reasonable to focus the discussion on type A+A scheduling at this stage.

	Nokia
	Alt.3



It was agreed in RAN1#96 meeting, that the UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols and FFS how to ensure the same active BWP between multiple TRPs. Companies showed preference based on the alternatives listed in FL summary in RAN1#96bis, where alt2 is supported by Lenovo, Panasonic; alt3 is supported by OPPO, Vivo, Nokia, DOCOMO, CMCC, Fujistu, Xiaomi, and MTK may prefer alt4. Therefore, we have the following proposal, starting from the draft offline proposal from RAN1#96bis:
[Draft Offline Proposal 13]:  To ensure the same active BWP between multiple TRPs for receiving multiple PDSCHs, at least for eMBB, 	Comment by Huawei: Proposal 1 from RAN1#96bis

Alt2: Apple, Spreadtrum, Panasonic, QC(?), Ericsson, Intel, ZTE, DOCOMO, Lenovo, Samsung, CATT, Nokia
Alt3: Vivo
Alt4: ZTE, DOCOMO, MTK

· Alt1: Dynamic BWP switching is not allowed.
· Alt 2: The UE does not expect to receive two PDSCHs in the same slot with different values of bandwidth part indicator for M-TRP
· Note that it has been agreed that the UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· Alt3: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped.
· Alt.4:  The UE just follows BWP part indicator from one of two PDCCHs and the Bandwidth part indicator field in the other PDCCH is not present. 
Please omment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support Alt2

	Spreadtrum
	Support Alt2

	Panasonic
	Support Alt. 2 as network can coordinate and not indicate different BWPs index

	QC
	We think BWP switching is up to the network coordination (depending on the backhaul condition). UE assumes Rel. 15 behavior, and no enhancement is needed.

	Ericsson
	Alt.2, which means during BWP reconfiguration time period, only a single TRP can be used to schedule the UE, when both TRPs BWPs have been reconfigured and stable, then NC-JT scheduling can continue using the new active BWP 

	Intel 
	Our understanding is also that we may not need specifications for this issue (we think it achieves the same intention as Alt-2 ?)

	ZTE
	Alt.2 or Alt.4

	DOCOMO
	Support Alt.2 or Alt.4.

	Lenovo, Motorola Mobility
	Support Alt 2

	vivo
	Support Alt3.
We think at least for timer-based BWP switching it is hard to coordinate the BWP indication with non-ideal backhaul.

	Samsung
	Support Alt2

	MTK
	Alt 4

	CATT 
	Support Alt 2.

	Nokia
	Not sure that the formulation of the proposal is correct. 
We think Alt.2 is already supported by an earlier agreement. If we agree on anything more, that should be there is BWP switching behavior by DCI. 



For multi-PDCCH operation in FR2, companies has proposed to define default UE behavior of PDSCH reception, in case the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold. Rel-15 has specified corresponding UE default QCL assumption obtained from the TCI state associated with the lowest CORESET index. According to tdoc review, the majority view is to enhance default QCL assumption to the TCI state with respect to the QCL parameter(s) used for PDCCH of the lowest CORESET index among CORESETs configured with the same value of HigherLayerIndexPerCORESET, supported by ITRI, DOCOMO, ASUSTek, Qualcomm, and HW. Moreover, LG suggested to discuss UE behavior depending on UE assumption, e.g. whether the UE can manage multiple Rx beams simultaneously. Therefore, we have the following proposal for further discussion:

[Draft Offline Proposal 14]: For multi-DCI based multi-TRP, if the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, UE could assume that the DM-RS ports of PDSCH are QCL-ed with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH of the lowest CORESET index among CORESETs configured with the same value of HigherLayerIndexPerCORESET.	Comment by Huawei: Support (13): Spreadtrum, OPPO, QC, Ericsson, Intel, ZTE, DOCOMO, Lenovo, Vivo, ITRI, CATT, Nokia, HW
No: Apple, Samsung
FFS: LGE, QC, Intel
· FFS: whether/how to  ensure that the UE can receive two PDSCH by two Rx beams simultaneously 

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	We fail to see the necessity to enhance the default PDSCH QCL assumption. Since Rel-15 defines the default beam clearly, we do not need to enhance it. 

	Spreadtrum
	Support the proposal

	OPPO
	Support. It’s simply extended from what we have in Rel-15.

	LGE
	If UE cannot manage multiple Rx beams simultaneously (e.g. single Rx panel UE or multi-Rx-panel UE but only one Rx panel can be used at a time), UE behavior regarding default CORESET should be kept same as Rel-15 while top QCL-D sources of two PDSCHs’ DMRS need to be aligned.
Even if UE can manage multiple Rx beams simultaneously, one for each TRP/panel, proposal 14, One simple solution to avoid this problem is to preclude the case that PDSCH of TRP 2 is scheduled before threshold, which makes sense in consideration that multi-PDCCH based NCJT operation is for eMBB operation so that there is no critical need for urgent scheduling. So when time offset is less than threshold, the UE ignores DCI when the DCI to PDSCH time offset is less than the threshold, if the DCI is transmitted on a CORESET group that does not include the default CORESET.

	QC
	We support the proposal. One clarification is that the proposal needs be for a UE that is capable of simultaneous reception of two beams. Otherwise, UE can only have one default QCL assumption following Rel. 15 rule.

	Ericsson
	OK

	Intel 
	We are supportive of the direction here but its not clear under what condition 2 default PDSCH beams are meaningful – in case the TRPs are such that they interfere at a multi-panel UE, it may not make sense to have 2 default PDSCH beams. This also affects other specifications where priority is used with default PDSCH beams. 

	ZTE
	Support

	DOCOMO
	Support the proposal. We believe it is important to enable M-TRP for FR2. In Rel.15, for SCS of 120kHz, the minimum beam switching time between the DL DCI and the corresponding PDSCH is 14 symbols. In addition, RAN4 doesn’t specify the performance test for cross-slot scheduling in Rel.15. Therefore, default QCL assumption is always assumed for Rel.15. If we want to enable M-TRP for FR2 in Rel.16, it is necessary to enhance the default QCL assumption. Otherwise, M-TRP for FR2 cannot be supported.

	Lenovo
	Support. 

	Vivo
	Agree with QC’s concern.

	Samsung
	Ambiguous about the motivation of this proposal and necessity of the NC-JT for timing offset < timeDurationForQCL.
We can focus on the support of NC-JT for the case that timing offset >= timeDurationForQCL
We want to add the following alt: In Rel-16, UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT operations.

	ITRI
	Support this proposal. 

	CATT
	Support this proposal.

	Nokia
	Fine with the proposal. 





In email discussion [98-NR-17], inter-cell operation issue was discussed. Following the discussion, companies gave more analysis on pros/cons and necessity whether a UE need to have a QCL source of SSB from another cell, and solutions of how to introduce such QCL source. According to the review, companies, e.g. Samsung, Nokia, LG, Ericsson, Apple, QC, consider that it is beneficial in term of performance with further assistant details of SSB information from a non-serving cell. Therefore they have proposed similar solution by extending Rel-15 TCI framework and adding at least PCI of neighboring/non-serving cell SSB. Moreover, companies also consider the need of other information, e.g. powerControlOffsetSS proposed by Apple, referenceSignal proposed by QC.  On the other hand, Ericsson and Intel also argue that PCI itself may be not sufficient to enable practical inter-cell multi-TRP operation for an un-synchronized network and suggest not to  enhance further in Rel-16. Therefore, we have the following proposal for further discussion:
[Draft Offline Proposal 15]: To support inter-cell (different cell IDs) multi-TRP/panel transmission, TCI framework shall be extended so that at least SSB index and corresponding PCI can be configured as the source of QCL type C/D for TRS.

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	OPPO
	Only synchronization case (e.g. with the timing difference within CP) needs to be considered for M-TRP/panel transmission. In this case, a TRS/CSI-RS (without SSB as QCL source) can be used as QCL reference source to estimate large scale parameters.

	LGE
	SSB can be configured as QCL source for CSIRS, as well. So, CSI-RS can be added as follows: 
To support inter-cell (different cell IDs) multi-TRP/panel transmission, TCI framework shall be extended so that at least SSB index and corresponding PCI can be configured as the source of QCL type C/D for TRS and CSI-RS.

	QC
	We support the proposal given that the inter-cell scenario is agreed. In case the CA framework is agreed by RAN2, the proposal is not needed. Otherwise, the enhancements are needed. Our view is that the agreement should be implemented properly taking in to account the UE implementation aspects as well as accuracy in practical deployments.

	Ericsson
	We support the approach by Qualcomm, to resolve this properly so that UE can perform e.g. L1-RSRP on SSB from non-serving cell etc. Adding PCI to QCL-Info is a quick hack that is not that useful. Our view is that either we make a good job with all the desired functionality, or we skip inter-cell operation (at least for the case higher layer index per CORESET is configured) in Rel.16. We are positive to study and specify inter-cell multi-TRP operation and associated mobility enhancements in Rel.17, for both FR1 and FR2.

	Intel 
	We are fully supportive of inter-cell multi-TRP for FR1 and FR2 but we think much more work is needed for both uplink and downlink to fully support it. May not be achievable in Rel-16.

	ZTE
	DO NOT support
In the initial discussion of Rel-16, single FFT window is assumed to receive two PDSCHs.The timing difference between the coordinated TRPs is assumed within CP. In other words, two TRPs (even inter-cell) have been assumed with rough synchronization.  In other words, SSB of the serving cell can be used to get QCL C for the TRS transmitted from the neighbor cell. 

	Lenovo, Motorola Mobility
	We agree with Qualcomm’s view. 

	Vivo
	We think the design should be future-proof.

	Samsung
	Need to clarify available options first.

	Nokia
	Support the proposal. 



In RAN1 98, PDSCH scrambling ID can be associated with agreed parameter HigherLayerIndexPerCORESET. From the review, several companies has proposed default UE hebaviour in case HigherLayerIndexPerCORESET is not configured, or the same value of HigherLayerIndexPerCORESET are configured for all CCs. Samsung, Lenovo, Nokia prefer that in this case additional PDSCH scrambling is not used for simplicity. CATT and MedaTek have provided other alternatives, e.g. using CORESET index instead of HigherLayerIndexPerCORESET. Panasonic may prefer reusing CA-framework/RAN2 enhancement so that no further RAN1 discussion is needed. Therefore, we have the following proposal for further discussion:
[Draft Offline Proposal 16]: In case that HigherLayerIndexPerCORESET is not configured for a given serving cell, 	Comment by Huawei: To address following FFS 
In case higher layer index per CORESET is configured, 
For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Option1: Apple, Spreadtrum, OPPO, LGE, Panasonic, QC, Ericsson, ZTE, Lenovo, Vivo, ITRI,
Option 3: MTK, Nokia

· Option 1: the UE does not expect to be configured with AddtionalDataScramblingIdentityPDSCH
· Option 2: The scrambling sequence of the PDSCH associated with lower CORESET ID is determined by DataScramblingIdentityPDSCH, whilst the scrambling sequence of another PDSCH is determined by AddtionalDataScramblingIdentityPDSCH.
· Option 3: the mapping of q to each codeword for PDSCH scrambling is decided by the lowest CDM group index associated with each codeword.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	If higher layer index is not configured, we think a simple way is to use dataScramblingIdentityPDSCH as Rel-15, no matter whether ddtionalDataScramblingIdentityPDSCH is configured or not.

	Spreadtrum
	Support option 1

	OPPO
	Support Option 1. In this case, additional configuration of scrambling ID is redundant.

	LGE
	Support option 1.

	Panasonic
	Support Option 1

	QC
	We do not see the need for this proposal. Our understanding is that the FFS was added for the case that CA framework is agreed by RAN2 and is not related to these options. We do not need to define consistent RRC configuration for each combination.

	Ericsson
	Option 1

	ZTE
	It is unnecessary to discuss this.

	Lenovo, Motorola Mobility
	Support Option 1. 

	Vivo
	Option 1

	ITRI
	Support option 1

	MTK
	Support Option 3 and also no additional PDSCH scrambling ID. The mapping of q = 0 is corresponding to the TRP with lowest CDM group index while the other TRP uses q = 1.

	Nokia
	We think the proposal is not discussing the exact point. If the HigherLayerIndexPerCORESET is not configured, it is possible that still DataScramblingIdentityPDSCH (or additional) is not configured. There should be a default behavior. We think that inter-cell scenario can apply cell_id as the n_id, but intra-cell scenario may need an agreement. We think that Alt.3 makes sense. 



2.2. Single-PDCCH based multi-TRP/panel based DL transmission 

For single PDCCH based multi-TRP/Panel DL transmission, several remaining issues have be discussed in companies contributions, including DMRS port indication and table, TCI states enhancement, and FR2 enhancement.
DMRS table and port indication design
For the determination of Rel-16 DMRS tables/entries, during our review, companies may have two main opinions of how to address with a new table in Rel-16. At least 5 companies, e.g., ZTE, Samsung, Qualcomm, China Telecom, and Huawei, have proposed to switch to a new Rel-16 DMRS table when a TCI code point indicate two TCI states. Specifically, Qualcomm and ZTE pointed out that a dedicated new table with complete new entries is beneficial to dynamically switch between URLLC schemes with minimum DCI impact and overhead. On the other hand, Nokia and Apple proposed that new entries could be added in Rel-15 legacy table and NCJT entries can be indicated when number of indicated TCI state is 2. Other companies, e.g., OPPO, Lenovo/ Motorola Mobility, vivo, CATT, Panasonic, Ericsson, also proposed to add new entries into Rel-15 table.
In general, most companies has proposed a new table from specification perspective, which is different from Rel-15. Based on our understanding, it seems there is a common understanding that the determination of new table or new entries is conditioned on the number of indicated TCI states, one or two. Therefore, we have the following proposal: 
[Draft Offline proposal 17] For DMRS port indication design for single-PDCCH based multi-TRP/panel transmission supported by Rel-16 UE, at least for eMBB, associated DMRS table (or DMRS entries) is applicable when two TCI states are indicated by a TCI code point.	Comment by Huawei: Proposal 11 from FL of RAN1#98
Yes: ZTE, Qualcomm, China telecom, Nokia, Apple, HW, Spreadtrum, Panasonic, Lenovo
No: LGE, Ericsson, Vivo, CATT, Intel
Postpone, Samsung
· Note that it does not exclude the possibility that Rel-16 DMRS table for eMBB is based on Rel-15 DMRS table/entries with additional new entries, or only a subset of Rel-15 legacy entries are included.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	Spreadtrum
	Support

	LGE
	We fail to see the need of this proposal. If Rel-16 DMRS table is a super set of Rel-15 DMRS table, UE can use Rel-16 DMRS table regardless of number of indicated TCI states. In other words, even when a single TCI state is indicated, all entries in Rel-16 DMRS table, which includes all of Rel-15 legacy entries + new entries, can be applicable. 

	Panasonic
	Support the proposal 

	QC
	We support the proposal, but there is no need to have a sperate DMRS port design for eMBB versus URLLC. We suggest to remove “at least for eMBB”. The differentiation between eMBB / URLLC is being discussed in the eURLLC agenda item, and it also depends on UE capability discussions. 

	Ericsson
	We don’t see a need for new table design as there are reserved entries in the Rel.15 tables that can be used. Why we need to switch between different URLLC schemes dynamically is not clear, it would be interesting to hear the use case for this. Rel-15 tables are used with one additional entry (1+2) added with 2 CDM groups without data.  

	Intel
	In our understanding Rel-15 DM-RS port indication table is sufficient for Rel-16 multi-TRP support since only additional layer combination of 1+2 needs to be supported. For this use case, a new table and associated selection mechanism need not be specified.  

	ZTE
	Support

	Lenovo, Motorola Mobility
	Support 

	vivo
	Agree with the view from Ericsson that “Rel-15 tables are used with one additional entry (1+2) added with 2 CDM groups without data”. So the proposal is not needed.

	Samsung
	Revisit this issue after RAN2 design on single-DCI based NCJT is finalized.
The proposal depends on the MAC-CE structure for S-DCI based NC-JT, which is not settled yet.

	CATT
	As shown in our tdoc, both eMBB and URLLC can be supported with a unified set of DMRS tables. Compared with R15 tables, only one additional entry indicating rank 1+2 for each table is enough. Therefore, we don’t see the need for introducing such complicated table switching mechanism. 

	Nokia
	Support



For the DMRS port indication design, it has been agreed in last meeting that
· No consensus to support 1+3 and/or 3+1 layer combinations in Rel-16, 
· No consensus to have additional specification support for two CWs. So Rel-15 legacy entries of two CWs are naturally supported and re-used in Rel-16. 
· No consensus to have additional specification support for MU cases
Therefore, the supported layer combinations in Rel-16 for eMBB includes 1+1, 1+2, 2+1, 2+2, at least for single-front-load symbol. During our review, many companies have proposed the detailed DMRS entries, but it seems there is no major consensus so far, especially for whether all Rel-15 legacy entries or a subset are supported in Rel-16. At least 8 companies, e.g., OPPO, Lenovo/ Motorola Mobility, vivo, CATT, Panasonic, Ericsson, Nokia, and Apple, proposed to add new entries in Rel-15 table, where all Rel-15 legacy entries are included. On the other hand, at least 4 companies, e.g., ZTE, Qualcomm, Samsung, CMCC, provides examples where a subset of Rel-15 legacy entries are supported in Rel-16. Moreover, ZTE, Samsung, and Huawei proposed to support layer combinations of 1+1, 1+2, 2+1, and 2+2 for two front-load symbol with single CW cases, considering robust channel estimation. 
Therefore, we have following proposal, starting from supported DMRS entries for 1+1, 1+2, 2+1, 2+2 layer combinations, for single and/or double front-load symbol(s):
[Draft Offline proposal 18] For single-PDCCH based multi-TRP/panel transmission supported by Rel-16 UE, at least for single front-load symbol and SDM scheme for eMBB/URLLC: 
· Proposal 18-1: for layer combinations of 1+1, 2+1, 2+2, down-select one alternative from following: 	Comment by Huawei: Alt1 (9): OPPO, LGE, Panasonic, QC, Intel, Lenovo, SS, CATT, vivo
Alt2 (4): QC, ZTE, Nokia, HW
· Alt 1: support existing Rel-15 DMRS entries only, i.e. 
· For DMRS type 1, {0,2},{0,1,2},{0,1,2,3} with 2 CDM groups without data
· For DMRS type 2, {0,2}, {0,1,2}, {0,1,2,3} with 2 CDM groups without data, {0,1,2}, {3,4,5}, {0,1,2,3} with 3 CDM groups
· Alt 2: support DMRS entry {0,2} with 3 CDM groups without data for DMRS type 2, in addition to Alt 1 
· Alt 3：support DMRS entries, e.g. {1,2},{0,3},{0,1,3},{0,1,4,5}, etc., in addition to Alt 1
· Proposal 18-2, for layer combination 1+2, down-select one alternative from following:  	Comment by Huawei: Alt 1 (9): SS, Lenovo, vivo, CATT, Panasonic, E///, Apple, OPPO, CMCC
Alt 2 (2): LGE, QC
Alt 3 (1): HW
Alt 4 (3): ZTE, Qualcomm, Nokia
· Alt 1: support DMRS entry{0,2,3} with 2 CDM groups without data, and legacy DMRS entry {3,4,5} with 3 CDM groups without data for DMRS type 2
· Alt 2: support DMRS entry {2,0,1} with 2 CDM groups without data, and legacy DMRS entry {3,4,5} with 3 CDM groups without data for DMRS type 2
· Alt 3: support DMRS entries {0,2,3} with 2 and 3 CDM groups without data, and legacy DMRS entry {3,4,5} with 3 CDM groups without data for DMRS type 2
· Alt 4: support DMRS entries {2,0,1} with 2 and 3 CDM groups without data. and legacy DMRS entry {3,4,5} with 3 CDM groups without data for DMRS type 2


Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	OPPO
	For Proposal 18-1, additional entries are not needed.
For Proposal 18-2, Alt.1 is sufficient.

	LGE
	For Proposal 18-1 and 18-2, we support Alt. 1 and Alt. 2, respectively. Especially, for Alt. 2 of 18-2, the same DMRS port to layer mapping for both {2,0,1} and {0,1,2} should be supported considering simpler UE implementation.

	Panasonic
	Support Alt 1 for both proposals

	QC
	Proposal 18-1: In Alt1, {3,4,5} seem to be related to 1+2 layer combination, and not 2+1. Other than that, we are fine with Alt1 and Alt2.

Proposal 18-2: We support Alt2 and Alt4 (Alt4 is applicable to DMRS type 2). There is no performance difference between {0,2,3} and {2,0,1}, but {2,0,1} minimizes implementation efforts as it is the same port combination as {0,1,2} that is already implemented with a different order.

Also, we suggest using “for SDM scheme” rather than “eMBB”. We do not need to repeat the discussion for URLLC.

	Ericsson
	This proposal is complication the remaining issue more than neccessary. We already have Rel.15 tables supporting NC-JT, we only need to add one entry to replace a reserved state. Hence, we’d like to add one more option, i.e., 
No new tables. Rel-15 tables reused as is with one additional entry added, replacing a reserved state. The entry is {0,2,3) with 2 CDM groups without data and single front loaded symbol only.

	Intel
	Proposal 18-1: We support only Alt. 1. We do not see the need for additional entries compared to Rel-15 DM-RS Table

Proposal 18-2: For layer combination 1+2, we propose Alt. 5 below:

· Alt 5: No need for new DMRS entry:
· For layer combination 2+1 - Use {0,1,2} + nSCID=0
· For layer combination 1+2 – Use {0,1,2} + nSCID=1 where nSCID = 1 flips the TCI states associated with CDM groups 1 and 2  
· Number of CDM groups without data = 2 or 3 as in Rel-15 Table
This achieves the same purpose as Alt 2 or 4 above but without the need for specifying a new entry in the DM-RS table.   

	ZTE
	Regarding proposal 18-1, let’s only focus on the specific entries. We support
· For DMRS type 1,  {0,2},{0,1,2},{0,1,2,3} with 2 CDM groups
· For DMRS type 2,  {0,2},{0,1,2},{0,1,2,3} with 2 or 3 CDM groups

Regarding proposal 18-2, we support {2,0,1} with 2 and 3 CDM groups

	Lenovo, Motorola Mobility
	Proposal 18-1: Support Alt 1. No additional entry is required for 1+1, 2+1, 2+2. 
Proposal 18-2: Support Alt 1. 

	vivo
	No new antenna port tables. For 1+2 layer combination, only support to add one new entry {0, 2, 3} with 2 CDM groups without data and single FL-DMRS symbol.  

	Samsung
	For proposal 18-1, support Alt1
For proposal 18-2, support Alt1

	CATT
	To support NC-JT and rank 1+2 and any other NC-JT operation, introducing one more DMRS entry{0,2,3} with 2 CDM groups without data in each of Rel-15 DMRS table is sufficient. 

	Nokia
	For Proposal 18-1, Alt2 is OK
For Proposal 18-2, Alt4 is OK



[Draft Offline proposal 19] For single-PDCCH based multi-TRP/panel transmission supported by Rel-16 UE, at least for two front-load symbols and eMBB, down-select one alternative from following:	Comment by Huawei: Alt1(4): ZTE, Lenovo, SS, HW 
Alt2(6): LGE, Panasonic, QC, E///, Intel, vivo
· Alt 1: support new DMRS entries for layer combinations of 1+1, 1+2, 2+1, 2+2, i.e., {0,2}, {0,1,2}, {FFS {2,0,1} or {0,2,3}}, {0,1,2,3} with {FFS 2 or 2 and 3} CDM groups without data, and existing Rel-15 DMRS entry in Type I, i.e. {0,2,4,6} with 2 CDM groups without data	Comment by Huawei: the underlying wording could depend on the decision of Proposal 18
· Alt 2:  support existing Rel-15 DMRS entry in Type I, i.e. {0,2,4,6} with 2 CDM groups without data. 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	LGE
	We support Alt. 2. 

	Panasonic
	Support Alt. 2

	QC
	We support Alt2. In general, we do not think two front-loaded DMRS enhancements are needed given the agreement last time (i.e., not needed for rank combination 1+1, 1+2, 2+1, 2+2 for SU-MIMO). 

Also, we suggest using “for SDM scheme” rather than “eMBB”. We do not need to repeat the discussion for URLLC.

	Ericsson
	Alt.2

	Intel 
	We support Alt 2 in general. In  Alt. 1 the FFS options are not required and nSCID can be used to change TCI state to CDM group mapping to support 1+2 layer combination.

	ZTE
	If two front loaded DMRS are supported for M-TRP, all layer combinations of 1+1, 1+2, 2+1, 2+2 should be supported.  Otherwise, two front loaded DMRS should not be supported for M-TRP. So we don’t think Alt.2 is agreeable.

	Lenovo, Motorola Mobility
	Support Alt 1, add a new entry {0,2,3} with 2 CDM group without data. 

	Vivo
	Support Alt 2. 

	Samsung
	Support Alt1 with including {0,2,3} while excluding {2,0,1}

	Nokia
	Alt 3:  support new DMRS entry {2,0,1} with 2 CDM groups without data, and existing Rel-15 DMRS entry in Type I, i.e. {0,2,4,6} with 2 CDM groups without data.




TCI state/QCL Indication enhancement  

For the TCI indication, in Rel-16, it has been agreed that when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1. In RAN1#98 meeting, there is a FFS for the definition of the first or second indicated CDM group,  when 2 TCI states are indicated by a TCI codepoint and indicated DMRS ports are from two CDM groups. Based on our review, it seems that majority companies, e.g., OPPO, Huawei, CATT, LGE, Ericsson, Nokia, DOCOMO, have the same understanding on the definition of the first indicated CDM group. Therefore, we have the following proposal: 
[Draft Offline proposal 20] When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.	Comment by Huawei: To address following FFS
FFS: the definition of the first or second indicated CDM group

Yes: Spreadtrum, LGE, QC, E///, ZTE, DCM, Lenovo, vivo, SS, Nokia, HW
No: Intel

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	Spreadtrum
	Support

	LGE
	Support the proposal. If the first indicated CDM group is fixed to CDM group 0, DMRS ports 3-5 for type 2, which is indicated by value 21 in Table 7.3.1.2.2.-3/4 in TS38.212, can’t be used. Since the value 21 can only support 1+2 layer combination, it should be supported.

	Panasonic
	Support proposal

	QC
	We support the proposal.

Also, we suggest using “for SDM scheme” rather than “for eMBB”. We do not need to repeat the discussion for URLLC.

	Ericsson
	Support

	Intel
	Not support. we believe nSCID can be used to switch TCI state to DMRS CDM group mapping without the need for new DMRS table or entries. To this end, the above proposal can be re-worded as follows for further discussion. 
[Draft Offline proposal 20] When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 
•	Alt 1: the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table.
•	Alt 2: The mapping of TCI states to CDM groups depends on signaled value of nSCID in DCI
o	For nSCID = 0, the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table and the second TCI state corresponds to the other CDM group
o	For nSCID = 1, the second TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table and the first TCI state corresponds to the other CDM group.

	ZTE
	Support.  This is also related to proposal 18.

	DOCOMO
	We support this proposal.

	Lenovo, Motorola Mobility
	Support.

	vivo
	Support

	Samsung
	Support

	CATT
	This proposal is related to the issue of flexible rank combination in proposal 18, so they should be discussed together.

	Nokia
	support




Moreover, it hasn't been agreed that whether/how to support the cases that, when 2 TCI states are indicated by a TCI code point, the indicated DMRS ports are from one or three CDM groups. Based on our review, at least 4 companies, e.g., OPPO, CATT, LGE, Huawei, proposed that the UE can be indicated with two TCI states and DMRS ports from one CDM group, which can improve the efficiency of TCI field in DCI for supporting dynamic switching between DPS and NCJT. Furthermore, at least 5 companies, e.g., LGE, Ericsson, China Telecom, Intel, and Huawei, point out the necessity of supporting the case, where a codepoint has two TCI states and the indicated DMRS ports are from three CDM groups, for DMRS type 2. Specifically, LGE points out that, according to the agreements of last meeting, Rel-15 legacy entries of rank 5 and 6 transmissions has been already supported for DMRS type 2 with single symbol front-load.  Therefore, we have following proposal, starting from proposal 10 from FL summary in RAN1 98:
[Draft Offline proposal 21] When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB,	Comment by Huawei:  Proposal 10 from FL summary in RAN1#98 
· Proposal 21-1: If indicated DMRS ports are from single CDM group,	Comment by Huawei: Alt 1: OPPO, LGE, HW, Panasonic
Alt 2: Apple, Lenovo, Samsung, Nokia
Alt 3: CATT

Ericsson, QC, Vivo: This combination (single CDM group, two TCI states) indicates a dynamic switching to a multi-TRP URLLC transmission (FDM 2a/2b or TDM 3/4 depending on other DCI fields and RRC configuration) scheme. 
· Alt 1: the UE applies one of the TCI states according to the CDM group index, e.g. the first and second TCI states correspond to CDM group 0 and 1 respectively. 
· Alt 2: UE can ignore the DCI
· Alt 3: a predefined TCI state is applied
· Proposal 21-2: If indicated DMRS ports are from three CDM groups,	Comment by Huawei: Alt 1: LGE, Ericsson, China telecom, HW, OPPO, Panasonic, Nokia
Alt 2: Apple, Lenovo, Samsung
Intel: The first TCI state is applied to the first and second indicated CDM group and the second TCI state is applied to the third CDM group(s).
· Alt 1: The first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM group(s). 
· Alt 2: UE can ignore the DCI

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	Apple
	For proposal 21-1, support Alt2 in principle with a new wording “UE does not expect that the number of CDM group(s) for the indicated DMRS ports to be different from the number of indicated TCI states.”
For proposal 21-2, support Alt2 in principle with a new wording “UE does not expect that the number of CDM group(s) for the indicated DMRS ports to be different from the number of indicated TCI states.”

	OPPO
	For Proposal 21-1, Alt.1 can support dynamic switching between DPS and NC-JT, which can provide higher flexibility. 
For Proposal 21-2, support Alt.1

	LGE
	For Proposal 21-1 and 21-2, we support Alt. 1 for both proposals as captured by FL. 
The reason to support Alt. 1 of 21-1 is that it can improve the efficiency of TCI state field in DCI. If Alt. 1 is supported, gNB can support DPS from different TRPs by using only one code point mapped to two TCI states. 
On the other hand, there are three reasons to support Alt. 1 of 21-2. The first reason is to support rank 5 and rank 6 transmissions with 1 symbol front-load DMRS. Specifically, the condition of 21-2 means being indicated by value 0 or 1 for two codewords in table 7.3.1.2.2.-3/4 in TS38.212 when 2 TCI states are indicated. DMRS patterns of value 0 and 1 have 1 symbol front-load DMRS and these cause low RS overhead than the value 2 and 3 which have 2 symbol front-load DMRS, i.e., 14.29% and 19.05% per RB per slot assuming 1 additional DMRS. The second reason is to support the number of layers more than 2 for a TRP with 1 symbol front-load DMRS. The third reason is to support more layer combinations for the same number of total transmission layers. For example, layer combinations indicated by value 0 and 2 in table 7.3.1.1.2.-4 can be 2+3 and 3+2, respectively. 

	Panasonic
	Our preference is Alt. 1 for both proposals

	QC
	Proposal 21-1: If the intention of Alt1 is to save TCI codepoints by only having (TCI state i , TCI state j) and not (TCI state i) or (TCI state j), then when DPS is used, the maximum number of layers that can be scheduled is 2 for one symbol front-loaded DMRS (as DPS can only use one CDM group). Hence, Alt1 is not justified, and we do not support Alt1. In addition, Alt2 assumes separate design for eMBB vs URLLC. We would like to point out that the schemes agreed for URLLC (2a/2b/3/4) can be used also for eMBB, if UE supports the scheme. For example, scheme 4 is useful for coverage enhancement. There is no need for such a limitation by design.  

	Ericsson 
	For Proposal 21-1, we want to add  and support another option below:
· Alt 3:  This combination (single CDM group, two TCI states) indicates a dynamic switching to a multi-TRP URLLC transmission (FDM 2a/2b or TDM 3/4 depending on other DCI fields and RRC configuration) scheme. 
For Proposal 21-2, support Alt 1.

	Intel
	Proposal 21-1: In this case we do not support either alternative. We believe mapping should follow the rule stated in Proposal 20 Alt. 2 which is based on signaled value of nSCID

Proposal 21-2: It appears that Intel’s proposal is missing from the alternatives. This can be added as Alt. 3:
· Alt 3: The first TCI state is applied to the first and second indicated CDM group and the second TCI state is applied to the third CDM group(s). 
 

	ZTE
	Proposal 21-1 should not be discussed, we don’t think this case makes sense. When single CDM group is indicated, it must be single TRP transmission, gNB should indicate one TCI state. So argument for this case is to reduce TCI candidates activated by MAC CE for single TRP transmission. However, port combinations (0, 2), (0,1,2), or (0,1,2,3) can also be for single TRP. TCI states for these port combinations should be activated by MAC CE. How could TCI candidates be reduced by proposal 21-1 ?

Regarding the proposal 21-2, it is up to the conclusion of proposal 18. In our view, only two CDM groups with DMRS ports are enough since more than 4 layers are not agreed. So this case may not exist either.

	Lenovo, Motorola Mobility
	Proposal 21-1: Alt 2. 
Proposal 21-2: Alt 2.
This eliminates possible confusion for the UE.  

	vivo
	Proposal 21-1: agree with Ericsson on the added Alt 3 which is aligned to the agreement.

	Samsung
	For Proposal 21-1, we think that two TCI states with single CDM group in eMBB become an error case.
For Proposal 21-2, support Alt2.

	CATT
	For proposal 21-1, we can consider Alt 3, that is to apply a predefined TCI state, e.g., TCI state 0 for such case.

	Nokia
	For proposal 21-1: support Alt.2
For proposal 21-2: support Alt.1




In RAN1#96 meeting, there is a FFS for the TCI field size, i.e., whether increasing the number of bits of TCI field in DCI. Based on our review, companies prefer to confirm that FFS considering that it may have large RAN2 impact. Specifically, OPPO, Samsung, Nokia, and China Telecom proposed that 3 bits is sufficient, whereas CATT proposed that extending the number of TCI codepoints can be considered depending on the cluster size. Based on the majority view, we have the following proposal: 
[Draft Offline proposal 22] For single-PDCCH based multi-TRP/Panel transmission, the number of bits of TCI field in DCI is 3 if higher layer parameter tci-PresentInDCI is enabled. 	Comment by Huawei: To address following FFS point
FFS whether increasing the number of bits of TCI field in DCI”
3 bits: All 


Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	Apple
	Support the proposal

	Spreadtrum
	Support the proposal

	LGE
	Support

	Panasonic
	Support the proposal

	QC
	Support the proposal.

	Ericsson
	Support

	Intel
	Support the proposal.

	ZTE
	Support

	DOCOMO
	Support the proposal.

	vivo
	Support

	Samsung
	Support

	ITRI
	Support

	MTK
	Support

	Nokia
	Support



FR2 enhancement 

To enable/enhance the single-DCI based Multi-TRP/panel transmission in FR2, several companies, e.g., OPPO, Lenovo/Motorola Mobility, ZTE, Huawei, LGE, Apple, Qualcomm, proposed that it is necessary to support two DL PTRS ports for correct phase tracking of different TRPs/panels at UE side. Also, it has been mentioned by companies that two PTRS ports have been already agreed in Rel-15, before M-TRP is deprioritized. Based on our review, companies have similar view on taking the Rel-15 scheme as a starting point. Specifically, Qualcomm suggested that whether supporting two PTRS ports is subject to UE capability. Therefore, we have be following proposal: 
[Draft Offline proposal 23] Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission if two TCI states are indicated by one TCI code point, whereas the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively  	Comment by Huawei: Yes (8); OPPO, Lenovo, ZTE, HW, LGE, Apple, Qualcomm, Ericsson
Postpone (1): SS
· Note that whether supporting two PTRS ports is subject to UE capability
· FFS whether/how to support two TCI states indicated by the TCI code point are associated with single PTRS port 

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	LGE
	We support the proposal in principle. 

	QC
	Support the proposal.

	Ericsson
	Support 

	ZTE
	Rel-15 agreements should be followed as much as possible.
In Rel-15, one PTRS port can be shared for the two DMRS groups for saving PTRS overhead in the case of multi-panel transmission.
Agreement in RAN1#91
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
Therefore, we prefer to change the above proposal as follows
Support two PTRS ports for single-PDCCH based multi-TRP/Panel transmission. If two TCI states and two PTRS ports are indicated by one TCI code point,  the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively .
If two TCI states and one PTRS port are indicted by one TCI code point, the PTRS port is associated with the lowest indexed DMRS port. 
· Note that whether supporting two PTRS ports is subject to UE capability

In some Rel-15 agreements which were removed from spec later because of scope reduction, one TCI state can contain one or two QCL sets. The number of PTRS ports is configured under each TCI state. Then, the actual number of PTRS ports is dynamically indicated by TCI code point. However, the TCI structure is changed in Rel-16, how to dynamically indicate the number of PTRS ports by TCI code point should be FFS.

	Lenovo, Motorola Mobility
	Support.   

	Samsung
	Prefer to finalize the other issues first.

	Nokia
	Support



Another issue is the default QCL assumptions for single PDCCH based M-TRP transmissions. Based on our review, at least 5 companies, e.g., ZTE, NEC, CATT, DOCOMO, Huawei, considered that default QCL determination scheme should be enhanced especially for FR2. Whereas, considering the limited remaining TUs, Samsung suggested that UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT operations in Rel-16. However views of possible enhancement are very diverse. Therefore we have the following proposal:
[Draft Offline proposal 24] For single-DCI based Multi-TRP/panel transmission with at least one of configured TCI states for the serving cell of scheduled PDSCH containing 'QCL-TypeD', 	Comment by Huawei: Option 1: HW, [ZTE]
Option 2: DOCOMO
Option 3: NEC
Option 4: ZTE, CATT
Option 5: LGE, Lenovo, Nokia
Option 6: Apple/Oppo/Samsung
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDSCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following: 
· Option 1: the TCI state(s) are associated to the lowest codepoint among TCI codepoint(s) containing the Rel-15 default TCI-state
· Option 2: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to the second 2nd TCI state from the lowest TCI codepoint containing 2 TCI states 
· Option 3: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to the lowest TCI codepoint applicable to the PDSCH reception
· If the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL and after the reception of activation command of TCI states for UE specific PDCCH, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by default TCI state(s) as following: 
· Option 4: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to additionally activated TCI state for that CORESET wherein only quasi co-location information from the first TCI state is assumed for PDCCH reception in a respective CORESET. 
· Option 5: When 2 TCI states are indicated by a TCI code point, the UE expects the time offset between the reception of the detected PDCCH in the search space set and the corresponding PDSCH is larger than or equal to the threshold TimeDurationForQCL.
· Option 6: Reuse the Rel-15 default TCI-state for all configured CDM group(s).
FFS study whether/how default assumptions should be enhanced for FR1.

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.
	Company
	Comments

	Apple
	Do not support option 1 – option 5. Our understanding is that Rel-15 has specified the default QCL assumption, which can be reused. To mandate UE keep buffering data from multiple panels would increase the power consumption.

	OPPO
	Support Apple’s view and add Option 6 as above. In our understanding, no additional specification impact is needed for Option 6.

	LGE
	We support Option 5 in principle. This option makes sense in consideration that there is no critical need for urgent scheduling for single PDCCH based NCJT operation.

	QC
	For this issue, our preference is to discuss more during the next meeting, but we think Rel. 16 should address the issue (i.e. option 5/6 are not preferred as it limits the applicability of the schemes for low latency use cases). Note that this proposal is needed for both SDM scheme and FDM scheme, as in both cases UE needs two default QCL assumptions for two beams.

	ZTE
	Our first priority is Option 4, second priority is option 1.
Regarding option 1, we prefer using the similar wording as option 2 or 3 :
· Option 1: the 1st TCI state is associated to the lowest CORESET ID as Rel-15 and the 2nd TCI state is associated to the lowest codepoint among TCI codepoint(s) containing the Rel-15 default TCI-state.
Note that if the lowest codepoint containing the Rel-15 default TCI-state only include one TCI-state, the behavior is the same as Rel-15. 
URLLC is also a very import traffic type for M-TRP. For URLLC, the latency is very low, and the scheduling offset is usually small. In other words, the offset between the reception of the DL DCI and the corresponding PDSCH is usually less than the threshold timeDurationForQCL for URLLC.  Therefore, we think Option 5 is not preferable. 
Regarding the above option 1-4, we think Rel-15 default beam should be for the first TRP. Then Rel-15 procedure is maintained for the main TRP. 

	DOCOMO
	Support Option 2.
We believe it is important to enable M-TRP for FR2. In Rel.15, for SCS of 120kHz, the minimum beam switching time between the DL DCI and the corresponding PDSCH is 14 symbols. In addition, RAN4 doesn’t specify the performance test for cross-slot scheduling in Rel.15. Therefore, default QCL assumption is always assumed for Rel.15. For option 5, in order to support M-TRP for FR2, it requires RAN4 performance test for cross-slot scheduling which was not specified even for Rel.15. Therefore, option 5 is not preferred.
Option 4 will have RAN2 impact and increase RRC overhead.
Comparing option 1 and option 2, we think option 2 can achieve the same as option 1. Since the activated TCI states are controlled by gNB, when a pair of TCI states which includes the default TCI state is activated, the gNB can always activated the pair of TCI states using the lowest codepoint. Even if the default TCI state is not included in the activated TCI states, it is also possible to use the 2nd TCI state for the DMRS ports of PDSCH for the 2nd TRP and there is no performance loss compared with option 1. 
Comparing option 2 and option 3, option 2 can also achieve the same as option 3. Since activated TCI states are controlled by gNB, when activating a pair of TCI states, the gNB can always activated the lowest TCI state ID corresponding to the 2nd TRP using the lowest TCI codepoint. We think by gNB implementation, option 2 include option 1 and option 3. Therefore, option 2 is preferred.

	Lenovo, Motorola Mobility
	We believe UE is not expected to receive a DCI with the offset between the reception of the DL DCI and the corresponding PDSCH less than the threshold timeDurationForQCL.

	Samsung
	Same view with Apple and OPPO.
Ambiguous about the motivation of this proposal and necessity of the NC-JT for timing offset < timeDurationForQCL.

	Nokia
	Assuming this is from eMBB scenario, option 5. 



[Draft Offline proposal 25] Whether all Rel-15 legacy entries or only a subset are included in the DMRS table in Rel-16 for eMBB and/or URLLC M-TRP transmission. 	Comment by Huawei: To be updated once detailed design of DMRS entries required for NCJT are clarified for eMBB and URLLC. 

2.3. PDSCH reliability/robustness enhancement with multi-TRP/panel/beam
The discussion for URLLC reliability/robustness enhancement with multi-TRP/panel/beam includes the case of idea-backhaul for PDCCH/PDSCH/PUSCH/PUCCH. In general, all schemes consider TB/UCI/DCI repetition and/or diversity with a certain cost of efficiency for better reliability. According to the review so far, the discussion is still focused on remaining issues of URLLC PDSCH transmission schemes 2a/2b/3/4. In addition, some discussion about how to distinguish above transmission schemes is also provided.

It seems that the scheme 2a is almost complete once the FD-RA mechanism was agreed in last meeting. However, for scheme 2b, there are mainly two issues to be discussed. The first one is TBS alignment among two allocated FDRAs. The views are relatively convergent that the TB size can be determined based on single MCS indication on the RBs allocated to the PDSCH associated with the first TCI state. The second one is RV mapping and RV sequence design. The majority view is to map the RVid indicated in DCI with a RV pair according to a new RV table/list. Furthermore, some companies shared their views on detailed sequence design, which needs more discussion. 
[Draft Offline Proposal 26]: For single-DCI based M-TRP URLLC scheme 2b, support following design with respect to: 
· Proposal 26-1: 	Comment by Huawei: Option 1: Ericsson, QC, LGE, CMCC, HW, Apple, Intel, ZTE, Motorola, CATT, Nokia
Option 2:  Vivo, Samsung

· Option 1: The RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to PDSCH associated with the second TCI state.  
· Option 2: The minimum RBs allocated to the two PDSCHs is used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to the other PDSCH.
· Proposal 26-2: For a RV sequence to be applied to RBs associated with two TCI states sequentially, 	Comment by Huawei: Opt.1: Ericsson, HW, Nokia, OPPO, Apple, Intel, Motorola, Nokia
Opt.2: QC, Intel,CATT
Option 3: LGE
Option 4: ZTE	Comment by Huawei: {0, 0}: Ericsson, QC
{0, 2}: Ericsson, QC, Nokia, HW
{0, 3}: HW
{2, 3}: QC, Nokia
{1, 3}: Ericsson, QC
{3, 1}: Nokia
· Option 1: RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas sequences are predefined in spec (FFS exact sequences)
· Option 2: RVid indicated by the DCI is used to select one out of four RV sequence candidates, whereas more than four sequences are predefined in spec (FFS exact sequences) and the mapping between the value of RVid and a RV sequence are RRC configured
· Option 3: two RV fields in DCI are used to indicate two RVs of that RV sequence,  when maxNrofCodeWordsScheduledByDCI is configured to 2
· Opotion 4: RVid indicated by the DCI is to indicate RV value for RBs associated with the first TCI state (Same as Rel-15). The RV value for RBs associated with the second TCI sate is equal to RVid + offset. The offset is higher layer configured.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support proposal 26-1
Support option 1 in proposal 26-2

	OPPO
	For 26-2, Support Option 1. The RV sequence to be applied to RBs associated with the first TCI state can follow that in Rel-15 derived from RVid indicated by the DCI. 

	LGE
	We support 26-1. 
Regarding 26-2, Option 3 should be supported. This is because the second TB field contains the second MCS/NDI/RV filed, so that the second RV field can be used to indicate different RV values for different transmission occasions for scheme 2b. If we don’t use this second TB field, preconfigured/predefined different RV combinations may be needed even if there are two TB fields, and it is hard to dynamically indicate different RV combinations.

	QC
	Proposal 26-1: Support.
Proposal 26-2: We support option 2, but do not think predefined set in spec is needed. The mapping can be RRC anyway. 
The issue with Alt3 is that it adds DCI overhead (8bits: 5 for MCS +2 for RV + 1 for NDI) without needing the functionality of maxNrofCodeWordsScheduledByDCI=2. For example, 2 MCS fields or two NDI values are not needed. In addition, allowing for all 16 RV combinations is not needed. Also, Option 3 does not allow for dynamic switching of scheme 2b and other schemes unless we pay the constant DCI overhead even if single-TRP scheme (or other mTRP schemes) are scheduled.

	Ericsson
	Support 26-1.
For Proposal 26-2,  support Option 1.

	Intel
	Support 26-1, For 26-2, Option 1 or Option 2 with the understanding that Option 2 is fully RRC configurable.

	ZTE
	Support proposal 26-1.
Regarding proposal 26-2, we think for the first TRP, the RV indication should be the same as Rel-15 since URLLC also has retransmission if the latency requirement is not very tight. In addition, we think the unified solution can be used for scheme 2b, 3 and 4. Our proposal is 
Opotion 4: RVid indicated by the DCI is to indicate RV value for RBs associated with the first TCI state (Same as Rel-15). The RV value for RBs associated with the second TCI sate is equal to RVid + offset. The offset is higher layer configured. Specifically, offset can be {2 or 3}, wherein 2 can be used non-blockage scenarios for best combing gain. 3 can be used blockage scenarios for both combining gain and self-decode. 


	Motorola Mobility / Lenvov
	· We support Proposal 26-1
We support Option 1 in Proposal 26-2

	vivo
	Proposal 26-1: we can add another alternative:
The minimum RBs allocated to the two PDSCHs is used for TBS determination with single MCS indication, while same TBS and modulation order can be assumed for the RBs allocated to the other PDSCH.

	Samsung
	For proposal 26-1, same view with vivo.
In our evaluation results, BLER performance can be substantially affected by the TBS determination rule. For example, when TBS is determined from the TRP with smaller RBs, more than 1dB BLER gain is achieved compared to the case that TBS is determined from the TRP with larger RBs.

	CATT
	Support proposal 26-1.
Support Option 2 in proposal 26-2, with the expansion that RV codepoint can be used to differentiate 2a/2b also. RV codepoint indicating like{0, NAN} with 2 TCI states indicated in the TCI codepoint can be indentified as scheme 2a, while RV codepoint indicating like {0,2} or {0,0}can be identified as 2b.

	Nokia
	Support 26-1 and 26-2 option 1. 



For URLLC TDM schemes 3, the first issue is the indication mechanism of repetition number. Based on the reviews so far, the majority views are supporting either option 1-2 or option 2. Moreover, the collision with UL symbols can be jointly discussed as they are highly correlated. For URLLC scheme 4, further clarification on repetition number indication may still needed especially for option 1, as it is supported by many companies at high-level. Next, the RV mapping and sequence design are discussed as well, starting from scheme 2b and scheme 4. 
In addition, more companies provides their options in TCI state mapping method. The majority view is to down-select from either cyclical or sequential mapping for the simplicity. One more issue is the minimal gap between PDSCH transmission occasions. The many companies expressed there is need to reserve any gap for Rx beam switching or TA alignment etc. While NEC and LG think in a different way. Finally, one remaining issue is whether/how to perform channel interpolation, which can be found in the list of open issues due to insufficient discussion or lack of time. 

[Draft Offline Proposal 27]: For single-DCI based M-TRP URLLC scheme 3, support following design with respect to 
· 27-1:  Select one of the following dynamic indication methods:	Comment by Huawei: From Email Discussion after RAN1 98
Opt.1-1: Vivo
Opt.1-2: Ericsson, Fujitsu, Panasonic, NEC, Intel
Opt.1-3: HW
Opt.2: Oppo, Lenovo, ZTE, QC, NTT, Nokia, Apple, LG, Intel, Spreadtrum, Ericsson, Docomo, Motorola, 
Opt.3: Samsung
· Option 1: It is dynamically indicated 
· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC
· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· The maximum number of repetition is [2 or 4]	Comment by Huawei: 2: Ericsson; 4: Panasonic
· Option 1-3: it is determined by the allocated PDSCH length L and/or starting symbol S using pre-defined value:
· E.g K = 4 for L = 2 and S<=6, otherwise, K = 2
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion repetition and two states means two transmission occasion repetition.
· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 
· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  
· FFS: whether/how X>1 to be supported  
· For above options, when a “nominal” PDSCH repetition occasion collides with the DL/UL switching, down-select one from following options:	Comment by Huawei: Opt.1: Oppo, Ericsson, LGE, Motorola, Nokia
Opt.2: Ericsson, Motorola, Samsung
Opt.3: HW
Opt.4: Vivo
Opt.5: Spreadtrum
· Option 1: Avoid the collision by NW implementation
· Option 2: Rate-match or puncture the collided symbols for the collided PDSCH repetition
· Option 3: Postpone to transmit the collided PDSCH repetition occasion right behind the last symbol of DL/UL switching
· Option 4: Split the collided PDSCH to avoid the DL/UL switching
· 27-2:  A minimal gap between two adjacent transmission occasions is not needed, at least for FR1.	Comment by Huawei: yes: Oppo, Lenovo, Vivo, QC, Intel, Spreadtrum, ZTE, Samsung, Nokia, Motorola,Nokia
need a  minimal gap: NEC (FR2), LG, Ericsson
· FFS whether to reserve a minimal gap for FR2
· 27-3: For scheme 3, FFS RV sequence indication	Comment by Huawei: To be updated after 27-1 is clarified, either follow 2b with 2 repetition or follow scheme 4 (?) 

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Spreadtrum
	Support option 2 for proposal 27-1.

Regarding the resource allocation in time domain for scheme 3, last meeting we have the following agreement:
Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  
Thus, for the case with 1 or no DL/UL switching point in a slot where consecutive symbols are available for DL transmissions in a slot, one simple way is preferred, e.g., TDRA applied for the first repetition and the second repetition starts after the last symbol of the first repetition.
For the case with 2 DL/UL switching points in a slot, considering the DL-UL configuration of the first 7 symbol is the same as the DL-UL configuration of the last 7 symbols in a slot, we prefer one simple and symmetry time domain resource allocation method to achieve unified UE behavior for the two repetitions and improve efficiency. Specifically, the time domain resource assignment field is applied to the first repetition, and the starting symbol for the second repetition is the symbol which is the starting symbol of the first repetition plus 7. One illustration is as follows:
[image: ]
Thus, we add option 5, for the case when a “nominal” PDSCH repetition occasion collides with the DL/UL switching:
· Option 5: Transmit the collided PDSCH repetition occasion starting from the symbol which is the starting symbol indicated by TDRA plus 7

Support proposal 27-2.
  


	OPPO
	According to evaluation results in contributions of many companies (e.g. OPPO, QC, ZTE, NTT DOCOMO etc.), repetitions within one slot from the same TRP can’t provide any gain but may lead to performance loss due to higher DMRS overhead. It is not needed to support more than 2 repetitions.
For RV sequence indication (27-3), scheme 3 can follow the RV sequence of scheme 2b or scheme 4.

	LGE
	We support Option 2 in 27-1 considering the original intention. For clarification, some modifications can be considered as follows.
Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion repetition and two states means two transmission occasions repetitions.
Regarding collision with DL/UL switching in 27-1, we support Option 1, i.e., Avoid the collision by NW implementation. Or, we think the number of symbols between different transmission occasions should explicitly be indicated to prevent the collision if the collision should be considered.  
For 27-2, a minimal gap between two adjacent transmission occasions should be supported, considering the cases when one TRP is much closer to UE than other TRPs or when TRPs/panels are not perfectly synchronized. In these cases, at least one OFDM symbol gap between different transmission occasions is needed. Otherwise, the last OFDM symbol of the first transmission occasion collides with the first OFDM symbol of the second transmission occasion and the two interfere each other.

	Panasonic
	Support option 1-2 for proposal 27-1. From performance point of view, we understand the just 1 longer repetition from a TRP might perform better in comparison to multiple shorter repetition from a TRP. However, the main reason to support the flexibility of having multiple shorter repetitions from one TRP is unavailability of contiguous DL symbols. 

	QC
	27-1: We support Option 2, which is the simplest option (we are fine with LG’s modification). Regarding DL/UL switching, our preference is option 1 to avoid impact on semi-static HARQ-Ack determination. If enough DL symbols are not available, network can always expand the resources in frequency domain (i.e. allocate more RBs so that both repetitions can be accomodated).
27-2: Gap is not needed for FR1 or FR2.
27-3: RV indication should be the same as scheme 2b given two repetitions. 

	Ericsson 
	Unclear what the proposal is? “It is dynamically indictated” the reader may ask, what is “It”?
Support 27-1, Option 1-2. And Option 2. The number of TCI states indicates the repetition number as either 1 or 2.    In case of Option 2, we still need to discuss how the time domain symbols 
Do not support 27-2. A gap is needed in some slots to make room for e.g. TRS or CSI-RS transmissions or the presence of a CORESET symbol in between the repetitions.

	Intel
	27-1, We support max 2 repetitions in scheme 3. In terms of signaling, slightly prefer Option 1-2 with the understanding that unified signaling mechanism is used for scheme 3 and 4.

	ZTE
	For proposal 27-1, support Option 2.  
Some companies( including ZTE,NTT,OPPO,Intel and QC)provide simulation results to prove that there is no benefit to support more than 1 repetitions for one TCI. Proponents of more than 2 repetitions should provide performance evaluation. 
Option 1-2 has much RRC impact. If switching scheme 3 and other schemes is dynamic, the TDRA table should also be dynamic changed. This causes much complexity. In addition, what is the use case if the number of TCI state is 1 and repetition factor is indicated as 2 ?

For 27-2, in our view, the gap is unnecessary.

	DOCOMO
	For proposal 27-1, support option 2. Based on our simulation results, we don’t see any benefit to support more repetitions for one TCI state. 

	Motorola Mobility / Lenovo
	· Support Option 2 for Proposal 27-1
For collision with the DL/UL switching, support Option 1 or Option 2
· Support Proposal 27-2
As for Proposal 27-3,  we support reusing Rel-15 base RV sequence and mapping consecutive transmission occasions (with TCI state cycling) to use different RVs according starting RV index indicated in DCI

	vivo
	27-1: support Option 1-1
When a “nominal” PDSCH repetition occasion collides with the DL/UL switching, support Option 4.
Support 27-2

	Samsung
	27-1: 
[repetition indicaton] support option 3 to enable intra-slot repetition for single TRP. It is already supported in UL, and no obvious reason to block it in DL.
[DL/UL switching] support option 2 with modification:
Rate-matched or punctured the collided symbols for the collided PDSCH repetition

27-2: no need of additional gap

	CATT
	Suggest 27-1 option 4, which is an enhancement of the single TRP case of option 2.  
27-1 option 4: The number of repetitions for scheme 3 is fixed to 2 no matter what the number of TCI states indicated by a code point, whereas one TCI state means two repetitions and two states means one repetition per TCI state, while the TD-RA indicated in DCI implies only for the first repetition.

	Nokia
	P 27-1: option 2. 
When a “nominal” PDSCH repetition occasion collides with the DL/UL switching, support option 1.
· Option 1: Avoid the collision by NW implementation

P 27-2: support 
P 27-3: use the same principal as Scheme 2b. 



[Draft Offline Proposal 28]: For single-DCI based M-TRP URLLC scheme 4, support following design with respect to 
· 28-1:  For repetition time indication, down-select one from following options:	Comment by Huawei: From email discussion after RAN1 98
Opt.1: Ericsson, Fujitsu, Vivo, CATT, QC, NTT, Nokia, Panasonic, NEC, Intel, DOCOMO
Opt.2: Oppo, Samsung, Lenovo, ZTE, Apple, KDDI, LG, HW, Spreadtrum, Motorola
· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.  
· Option 2: By high-layer signaling following Rel-15 mechanism
· 28-2: RVid indicated by the DCI is used to select a RV sequence to be applied to transmission occasions sequentially,	Comment by Huawei: Opt.1: Ericsson, Intel
Opt.2: NTT, CATT
Opt.3: Vivo, ZTE, QC, OPPO, Spreadtrum, LGE, Motorola, [ZTE]
· Option 1: whereas up to four candidate sequences are predefined in spec (FFS exact sequences) 
· Option 2: whereas more than four sequence are predefined in spec (FFS exact sequences) and the mapping between the value of RVid and a RV sequence is RRC configured
· Option 3: whereas RV candidate sequence are the same with Table 5.1.2.1-2 in Rel-15
· 28-3: Selected RV sequence is	Comment by Huawei: Opt.1: Ericsson, NTT, Spreadtrum, LGE, Intel, Motorola
Opt.2: Vivo, ZTE, QC, CATT, OPPO, Samsung, [ZTE]
· Option 1: applied to transmission occasions sequentially across TRPs and wrapped around as Rel-15
· Option 2: applied to transmission occasions associated to the first TRP (i.e. the first TCI state). The RV sequence associated to the second TRP (i.e. the second TCI state) is determined by a RV offset from that selected RV sequence whereas the offset is [fixed in spec or by RRC/DCI] 
· 28-4: TCI state mapping to PDSCH repetitions, down-select one from following options:	Comment by Huawei: From FL summary of RAN1 98
Opt.1: Ericsson, Samsung, Lenovo, NTT, HW, QC, DOCOMO, vivo
Opt.2: Oppo, ZTE, Xiaomi, Motorola
Opt.3: Vivo, LGE, Intel
Opt 4: CATT
· Option 1: Cyclical mapping, i.e. TCI states #1#2#1#2 are mapped to 4 repetitions if 2 TCI stats are indicated 
· Option 2: Sequential mapping, i.e. TCI states #1#1#2#2 are mapped to 4 repetitions if 2 TCI stats are indicated
· Option 3: both option 1 and 2 are supported and switched by higher layer signaling
· Option 4: cyclical mapping with two consecutive slots allocated for TCI state 0 and the next two consecutive mini-slots/slots allocated for TCI state 1 and cyclically within the K repetition occasions, i.e., TCI states#1#1#2#2#1#1#2#2 are mapped to 8 repetitions if 2 TCI states are indicated.

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Spreadtrum
	Support option 2 for proposal 28-1.
Support option 3 for proposal 28-2.
Support option 1 for proposal 28-3.

	OPPO
	For 28-2/28-3, The RV sequence of the first TRP/TCI state can reuse that in Rel-15 for backhaul compatibility. A fixed RV offset between two TRPs can be defined in specification. 

	LGE
	For 28-2 and 28-3, we support Option 3 and Option 1, respectively. That is the same RV mapping rule with slot repetition in Rel-15 can be used. 
For 28-4, we support Option 3. 

	Panasonic
	Support option 1 for proposal 28-1

	QC
	28-1: Our preference is dynamic indication of # of repetitions as we think it is useful. However, different SLIVs in different slots is not necessary for this purpose. # of repetitions can be simply a separate field, e.g. 2bits to choose from {1,2,4,8} repetitions. This field exits in the DCI if scheme 4 is configured through RRC, and the rest is similar to Rel. 15 slot aggregation.
28-2: We support Option 3.
28-3: We support option 2. The offset should be RRC configuration.
28-4: We support Option 1.

	Ericsson
	For 28-1:  support Option 1, which provide more scheduling flexibility;
For 28-2:  support Option 1, the benefit of more than one set of RV sequences is unclear;
For 28-3:  support Option 1, the benefit of using an RV offset in Option 2 is unclear and introducing an RRC parameter for RV offset in Option 2 is unnecessary.  
For 28-4:  support Option 1.  option 3 requires additional RRC signaling. 

	Intel
	28-1, support Option 1, we think it is beneficial to support different starting symbols in different slots to reduce latency (start from end of first slot and beginning of second slot). Support up to 2 transmission occasions within 1 slot.
28-2, option -1
28-3, option -1
28-4, Option- 3 or fully RRC configurable. Option-1 is not suitable in FR2 if beam switching time is 28 OS. Option-2 delays TRP switching in FR1.

	ZTE
	For 28-1, support option 2.
Proposal 28-2 and 28-3 should be discussed together.
In the blockage scenarios, RVs for each TRP should keep the same order as Rel-15 to get best combining gain. So we prefer the same RV sequence for each TRP. Further, just one offset can be configured for the first RVs between two TRPs. So our proposal is 
Rel-15 RV sequence is used for each TRP. RVid indicated by the DCI is to indicate RV value for the first repetition associated with the first TCI state (Same as Rel-15). The RV value for the first repetition associated with the second TCI sate is equal to RVid + offset. The offset is higher layer configured.

	DOCOMO
	For P28-1, we think dynamic indication should be supported. We are fine with option 1.
For P28-2 and P28-3, we think they should be discussed together. For option 2 P28-3, considering the beam switching time, for the PDSCH repetitions within the threshold, the indicated TCI states in the DCI cannot be applied. For option 2, it is unclear how to map the RV sequence if the scheduling offset b/w the DL DCI and scheduled PDSCH is less than a threshold. So it is not preferred to link the RV value with the TCI state.
For P28-2, it is beneficial to use different RV sequences in difference use cases. For example, in case of no blockage, different RV values can be used for each repetition to achieve more combining gain, e.g., RV sequence= {0,2,3,1}can be used; in case of blockage, each repetition should be self-decodable, for instance, the TCI states are {#1，#2，#1，#2}， then RV sequence={0,0,3,3} can be used. 
So our proposal is 
Multiple RV sequences are pre-configured by RRC (FFS exact RV sequences), RV field in DCI indicates one of the RV sequences from the RRC configured RV sequences. An example is given in the following table.
	rvid indicated by the DCI scheduling the PDSCH
	RV sequence

	0
	1st RV sequence configured by RRC

	1
	2nd RV sequence configured by RRC

	2
	3rd RV sequence configured by RRC

	3
	4th RV sequence configured by RRC


For P28-4, support option 1. If gNB doesn’t know which TRP is the best TRP, option 1 can avoid blockage of a TRP and thus provide early decoding gain; if gNB knows which TRP is the best TRP, option 2 can achieve better performance after the 2nd repetitions and thus better early decoding performance. However, in case of gNB knows which TRP is the best TRP, in order to achieve more combining gain, all the repetitions should be transmitted from the best TRP rather than from the two TRPs. Therefore, option 1 is more preferred.

	Motorola Mobility /Lenovo
	· For Proposal 28-1, we support Option 2, while using a different parameter than the pdsch-AggregationFactor.
· For Proposal 28-2, we support Option 3, when the number of repetitions exceeds 4, successive transmissions from the same TRP should use different RVs 
· For Proposal 28-3, we support Option 1. 
For Proposal 28-4, we support Option 2.

	vivo
	28-1: support dynamic indication of the repetition factors
28-4: support Option 1

	Samsung
	28-1: option 2
28-3: option 2
28-4: option 1

	CATT
	Support 28-1 option1, dynamic indication for scheme 4 may have benefit for the UE fast decoding and the system optimization.
Support 28-2 option 2. To enhance the self-decodable capability, more RV sequences other than R15 sequence should be considered.
Support 28-4 option 4, which can both avoid the frequent beam switching between TRPs and make use of the channel interpolation between the 2 consecutive mini-slots/slots to enhance the performance too.
· 28-4:
· Option 4: cyclical mapping with two consecutive slots allocated for TCI state 0 and the next two consecutive mini-slots/slots allocated for TCI state 1 and cyclically within the K repetition occasions,i.e. TCI states#1#1#2#2#1#1#2#2 are mapped to 8 repetitions if 2 TCI states are indicated.

	Nokia
	We think that separate mechanism for repetition time indication, RV sequence, TCI state mapping should not be specified. It is not required as gNB consider all these when the scheduling is done. We could simplify the signaling by having all these repetition numbers, TCI state pattern, and RV pattern signaled with the TDRA indication. 
For single-DCI based M-TRP URLLC scheme 4, TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions, RV sequence applied over PDSCH transmission occasions, and TCI states mapping to PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.




For scheme differentiation, more companies provide their views in the Tdoc for #98b. One commonality is to use “number of CDM groups of indicated DMRS ports” to differentiate the URLLC scheme 1a from other URLLC schemes, which seems natural. For further differentiation among scheme 2a/2b/3/4, the solutions are still diverse. Most companies more or less prefer to use DMRS entries to differentiate partial schemes either using legacy or new DMRS table. Oppo and HW mentioned to use the reserved bit in DCI (e.g NDI) to as differentiation between scheme 2a/2b or FDM/TDM. Oppo, CATT and LG also suggested to introduce a new RRC IE to semi-statically configure the schemes. Other potential solutions are specific for differentiation between schemes 3/4, which can be discussed once more details of scheme 3/4 are agreed. 
 
	
[Draft Offline Proposal 29]: For single-DCI based M-TRP URLLC schemes, support following principles of indication to differentiate schemes 1a/2a/2b/3/4, from the UE perspective: 	Comment by Huawei: Proposal may be updated, depending on some design details of proposals 26/27/28
· SDM scheme 1a is differentiated from schemes 2a/2b/3/4 by the number of CDM groups of indicated DMRS ports, i.e. 2 CDM for SDM scheme 1a and 1 CDM for other schemes
· For scheme differentiation among scheme 2a/2b/3/4, one or multiple options may be supported:
· Option 1: support a new RRC signaling for scheme indication 
· Option 2: support to reuse reserved bits in DCI, e.g. NDI bit in the disabled TB
· Option 3: support dynamic indication by DMRS entries whereas each subset of entries in the table is associated with each individual URLLC scheme
· Option 4: Reuse the RRC signaling used to indicate the repetition/slot number of scheme 4

Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	OPPO
	For differentiation between scheme 2a/2b, Option 1 or 2 can be considered.
For differentiation between scheme 3/4, Option 4 below is proposed in our contribution. No additional signaling is needed for this option.
Option 4: Reuse the RRC signaling used to indicate the repetition/slot number of scheme 4

	LGE
	We support Option 1, i.e., RRC signaling, for scheme selection between scheme 2a, 2b and 3. Regarding scheme 2a, 2b and 3, one of the schemes should be selected by higher layer configuration. It is difficult to find motivation on dynamic indication between three schemes. Especially, the main motivation of scheme 3 was supporting low latency and high reliability in FR 2 considering analog beamforming in a UE, so that whether scheme 2a/2b or scheme 3 can be decided by higher layer configuration. Regarding scheme 2a and 2b, there is no big difference between two schemes in terms of BLER performance. So, one of scheme 2a, 2b and 3 should be selected by higher layer configuration.

	QC
	We support Option 3. Also, the first bullet is a subset of option 3 of the second bullet. 

	Ericsson
	We want to add another option for scheme differentiation among scheme 2a/2b/3/4:
Option 5:  RRC signaling to differentiate between FDM (Schemes 2a &2b) and TDM (Schemes 3 &4), and dynamic signaling to differentiate between Scheme 2a and 2b, and between Scheme 3 and 4.
· Between scheme 2a and 2b:  different CDM groups may be used
Between scheme 3 and 4:  different CDM groups + RRC configured slot repetition number for Scheme 4

	ZTE
	Support option 3. 

	Motorola Mobility /Lenovo
	For scheme differentiation among scheme 2a/2b/3/4, we support Option 1. There is no need to do dynamic switching between schemes TDM schemes and FDM schemes, but only between 3 and 4. 

	vivo
	Support the first bullet: SDM scheme 1a is differentiated from schemes 2a/2b/3/4 by the number of CDM groups of indicated DMRS ports
Our proposals on differentiating schemes 2a/2b/3/4 is as following:
· FDM scheme (2a/2b) and TDM (3/4) scheme are differentiated by the indication of repetition factor.
· A new RRC signaling can be used to differentiate scheme 2a and scheme 2b, 2bUE capability, similar performance
· Scheme 3 and scheme 4 can be differentiated by RRC configuration. There may be no need to dynamic switch between scheme 3 and scheme 4.

	CATT
	Support the dynamic switching between SDM and FDM. For TDM, since the UE capabilities may be different, it can be differentiated by RRC configurations.
Support the dynamic switching between FDM2a and 2b with RV codepoint DCI indication.
Support the dynamic switching between the single TRP transmission and multi-TRP transmission schemes.
Other necessity of dynamic switching between schemes may need further illustrations of certain scenarios.

	Nokia
	We do not think SDM should be separated from the rest. The same principal shall be used everywhere. 
· For scheme differentiation among scheme 1a/2a/2b/3/4, one or multiple options may be supported:
Option 1: support a new RRC signaling for scheme indication



Whether to support multi-DCI based FDM scheme is a FFS left in last meeting, and supposed to be concluded in RAN1 98b. Based on the review so far, Samsung and ZTE prefer to support this feature. On the other hand, KDDI and HW still prefer not to discuss it in Rel-16. 

[Draft Offline Proposal 30]: Whether to support multi-DCI based FDM scheme with repetition, down-selection one from the following:	Comment by Huawei: Proposal 16 of RAN1 98 FL summary 
Option 1: Samsung ZTE, Vivo
Option 2: KDDI, Apple, Spreadtrum, QC, Ericsson, Motorol
· Option.1: Support multi-DCI based FDM scheme for URLLC with multi-TRP/panel
· Option.2: Do not support multi-DCI based FDM scheme for URLLC with multi-TRP/panel
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Apple
	Support option 2

	Spreadtrum
	Support option 2

	QC
	Option 2 for Rel. 16.

	Ericsson
	Support Option 2

	ZTE
	Support option 1. 
We prefer to support this feature especially in blockage scenario. That’s because not only PDSCH but also PDCCH may be blocked. However, so far, all agreed URLLC repetition schemes are based on single DCI design. Although beam diversity gain for PDSCH can be achieved to resist blockage, PDCCH is transmitted only from one TRP. Once PDCCH is blocked, the PDSCH repetitions are wasted. And also  multi-DCI based FDM can schedule different MCS to adapt different channel conditions.

	Motorola Mobility /Lenovo 
	Support Option 2. 

	Vivo
	Support Option 1

	Samsung
	Same view with ZTE. Support option 1.

	Nokia
	No need any agreement on this. Not optimizing to this case is one thing and restricting that in spec is another thing.



3. Work Plan
To be updated 
4. Summary of Technical Proposals 
The section is to summarize companies’ positions/proposals for this MIMO objective. The summarization does not intend to exclude specific proposals but provide an overview of companies for each category/sub-category/specification component. Text proposals can be further updated by companies, if any wrong capture.  
4.1. Multiple-PDCCH based multi-TRP/panel DL transmission 
· Uplink transmission
· Joint dynamic HARQ-ACK codebook
	Company
	Comments

	ZTE
	For joint ACK/NACK bits multiplexing, counter DAI is counted per TRP.

	Vivo
	For joint dynamic HARQ-ACK codebook among multi-TRP, support Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.

	Samsung
	Support Alt 2 for DAI counts of joint dynamic HARQ-ACK codebook
•	Alt 2: counter DAI is counted per TRP, and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured))

	Nokia
	For joint dynamic HARQ-ACK codebook among M-TRP, support one TRP to use independent counter DAI, and the other TRP to use joint DAI counting across both TRPs.  

	LG
	For joint A/N codebook, reuse Rel-15 approach to apply DAI and generate A/N bits, which means DAI is applied across TRPs and A/N bits for TRP 1 and 2 are interlaced according to DAI order.

	Lenovo
	For HARQ-ACK bit multiplexing, HARQ-ACK bits from different TRPs as identified by the higher layer configured CORESET indices are concatenated in increasing order.
Alt.2 should be supported.

	DOCOMO
	For joint dynamic HARQ-ACK codebook, support Alt.1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.

	Intel
	Consider DAI application per TRP for joint HARQ-ACK feedback.

	CATT
	for the generation of dynamic joint HARQ-ACK codebook among M-TRP, DAI should be jointly counted in a PDCCH monitoring occasion across CCs and TRPs.

	Panasonic
	For joint dynamic HARQ-ACK codebook among M-TRP, counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).

	Ericsson
	Alt 1 is supported for joint HARQ ACK codebook with multi-DCI.

	China Telecom
	For joint dynamic HARQ-ACK codebook among M-TRP, Alt.1 should be supported, i.e. counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs.

	Xiaomi
	We prefer joint counter DAI and total DAI for all TRPs.

	Qualcomm
	For joint dynamic HARQ-Ack codebook, support Alt1.
For joint dynamic HARQ-Ack codebook in Alt1, DAI counting is 
•	First across TRPs (i.e. higher layer index per CORESET) for a given serving cell (CC) and a given PDCCH monitoring occasion
•	Second across serving cell indices for a given PDCCH monitoring occasions
•	Third across PDCCH monitoring occasions



· Last DCI determination of joint HARQ-ACK codebook
	Company
	Comments

	ZTE
	The PUCCH resource is determined by the last DCI wherein DCIs are first indexed in an ascending order across CORESET groups indexes for a same PDCCH monitoring occasion and a same serving cell, are then indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are finally indexed in an ascending order across PDCCH monitoring occasion indexes.

	Vivo
	For joint HARQ feedback, the PUCCH resource can be determined by the PRI in the last DCI and/or CCE index of the last DCI. 
•	If there are multiple last DCIs on the same symbol, and if CC indices and serving cell indices of the two DCIs are identical, the last DCI is the determined based on the higher layer configured index.

	Lenovo
	If two last DCIs transmitted from two TRPs are received in a same slot, the UE will take the DCI transmitted from the CORESET with lower CORESET-ID as the last DCI for the PUCCH resource determination for ACK/NACK feedback.

	DOCOMO
	For the last DCI determining the PUCCH resource for joint dynamic HARQ-ACK codebook, support Alt.1: DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.

	Intel
	Consider using TRP-id to differentiate which one of the two DCIs is the last DCI if there is ambiguity.

	China Telecom
	For joint HARQ-ACK codebook among M-TRP, Alt.1 should be supported for the last DCI determining the PUCCH resource, i.e. DCIs are first indexed in an ascending order of higher layer indexes per CORESET for a same PDCCH monitoring occasion and a same serving cell, then indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion, and finally indexed in an ascending order across PDCCH monitoring occasion indexes.



· PUCCH resource grouping
	Company
	Comments

	CMCC
	Support configuring explicit PUCCH groups over resource sets, and associating PUCCH groups with higher layer signaling indices of CORESETs to distinguish TRPs.

	Lenovo
	Support configuring explicit PUCCH resource grouping over resource or resource sets.

	ZTE
	Support configuring explicit PUCCH resource grouping over resource or resource sets.

	Vivo
	For TDMed PUCCH transmission within a slot for separate ACK/NACK, 
•	There is no need to configure explicit PUCCH resource grouping over resource or resource sets as separate PUCCH resources can be indicated by different sub-slot indices.

	Samsung
	Support option 2 for PUCCH resource group for M-DCI NCJT transmission
•	Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

	Nokia
	With regarding PUCCH resource group for M-DCI NCJT transmission, support Option 2, i.e., support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

	LG
	Introduce TRP specific PUCCH group; a group of PUCCH resource is configured for TRP 1 and another group of PUCCH resource is configured for TRP 2.

	Panasonic
	With regarding to PUCCH resource group for M-DCI NCJT transmission, support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

	DOCOMO
	Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped

	Intel
	Consider explicit PUCCH resource grouping for more flexible PUCCH resource management.

	CATT
	Configuring explicit PUCCH resource grouping is preferred.

	Ericsson
	Whether or not to introduce explicit PUCCH resource groups or not should be decided in the Multi-beam agenda.
In NR Rel-16, explicit association between PUCCH resource groups (if agreed in MB agen-da) and higher layer signaling indices of CORESETs is not supported.

	Apple
	Do not support to introduce explicit group index for PUCCH.

	China Telecom
	For PUCCH resource group for M-DCI NCJT transmission, Option 1 should be supported, i.e. support configuring explicit PUCCH resource grouping over resource or resource sets.

	Qualcomm
	For multi-DCI based multi-TRP, if the UE is configured with separate HARQ-Ack feedback, a higher layer index can be configured per PUCCH resource.



· Overlapping PUCCH - ACK+ACK
	Company
	Comments

	OPPO
	If separate ACK/NACK feedback is configured by gNB, a dropping rule is predefined to drop ACK/NACK with lower priority if separate ACK/NACK feedbacks are overlapped in time domain.

	Lenovo
	Support overlapped PUCCH resource configuration among multiple TRPs.

	Vivo
	Support two PUCCHs per TRP for a UE.

	Panasonic
	For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, if the PUCCH resources conveying ACK/NACK feedback for different TRPs are overlapped needs to be supported, then:
•	For handling HARQ-ACK feedback for corresponding PDSCH traffic with different priorities, the discussion/agreements from intra-UE multiplexing/prioritization should be utilized
•	If both the TRPs transmit PDSCH with low-latency/high-priority requirement, then switching to joint HARQ-ACK feedback should be considered where joint HARQ-ACK feedback is sent to one of the TRPs and the information is then forwarded to the other TRP via backhaul link

	NEC
	Make rules or clarifications to solve the collisions 1)-4) due to multi-DCI indication for multi-TRP transmission under non-ideal backhaul.

	LG
	When PUCCHs for different TRPs are overlapped, UE compares the highest priority UCI type in PUCCH for TRP 1 and the highest priority UCI type in PUCCH for TRP 2 and drops one of the PUCCHs with lower priority.
-	Priority of UCI type is A/N > SR > CSI
-	If priority is same, drop one of the PUCCHs with lower PUCCH group index

	Intel
	For UCI multiplexing introduce the following scheduling restrictions:
-	If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.
-	If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed

	DOCOMO
	For multiple PDCCH design for eMBB, UE does not support simultaneous ACK/NACK transmission from multiple PUCCH resources via different QCL in Rel-16.

	Qualcomm
	For multi-DCI based multi-TRP, if the UE is configured with separate HARQ-Ack feedback, the UE is not expected to
•	be indicated with overlapping PUCCH resources for UCI transmissions if the higher layer index of the overlapping PUCCH resources have different values.
•	be indicated with a PUCCH resource for UCI transmission that overlaps with a PUSCH transmission if the higher layer index of the PUCCH resource is not the same as the higher layer index of the CORESET in which the DCI scheduling the PUSCH is received.

When UE is capable of two PUCCH groups (i.e. PUCCH Scell), support the following for simultaneous PUCCH transmission for the two TRPs:
•	The feedback for all the DL serving cells in the cell group with TRP1 can be transmitted in the first PUCCH-Cell and the feedback for all the DL serving cells in the cell group with TRP2 can be transmitted in the second PUCCH-Cell.



· Overlapping PUCCH – ACK+CSI
	Company
	Comments

	OPPO
	For case of non-ideal backhaul (e.g. when separate ACK/NACK feedback is configured by gNB), if ACK/NACK feedback for one TRP overlaps with CSI report/PUSCH for another TRP in time domain, the CSI report/PUSCH is dropped.

	Vivo
	For TDMed PUCCH in a slot,
•	UE doesn’t expect a PUCCH for CSI/SR overlap with more than one PUCCH for HARQ-ACK.
•	UE doesn’t expect a PUCCH overlap with PUCCH scheduled from another PUCCH-Config.

	Nokia
	When there is an overlap of PUCCH resources for ACK/NACK feedback to one TRP and CSI reporting for another TRP, the UE prioritizes transmission of ACK/NACK feedback.

	LG
	When PUCCHs for different TRPs are overlapped, UE compares the highest priority UCI type in PUCCH for TRP 1 and the highest priority UCI type in PUCCH for TRP 2 and drops one of the PUCCHs with lower priority.
-	Priority of UCI type is A/N > SR > CSI
-	If priority is same, drop one of the PUCCHs with lower PUCCH group index

	Lenovo
	A higher layer signaling index should be configured in CSI report.
UCI should be multiplexed per TRP first.
UCI multiplexing should be simplified to improve the probability of HARQ-ACK transmission.

	DOCOMO
	For multiple PDCCH design for eMBB, when UL channels from different TRPs collide,
	UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP based on Rel.15 rules and based on the selected resources, UE may drop one of the PUCCH based on a pre-defined priority rule.

	Intel
	For UCI multiplexing introduce the following scheduling restrictions:
-	If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.
-	If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed

	Panasonic
	For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, when the PUCCH resources conveying ACK/NACK feedback for one TRP are overlapped with PUCCH resources carrying CSI report for the other TRP, then the CSI report is always dropped and only HARQ-ACK feedback is sent on the overlapping PUCCH resources.

	NEC
	Make rules or clarifications to solve the collisions 1)-4) due to multi-DCI indication for multi-TRP transmission under non-ideal backhaul.

	Qualcomm
	For multi-DCI based multi-TRP, if the UE is configured with separate HARQ-Ack feedback, the UE is not expected to
•	be indicated with overlapping PUCCH resources for UCI transmissions if the higher layer index of the overlapping PUCCH resources have different values.
•	be indicated with a PUCCH resource for UCI transmission that overlaps with a PUSCH transmission if the higher layer index of the PUCCH resource is not the same as the higher layer index of the CORESET in which the DCI scheduling the PUSCH is received.



· Overlapping PUCCH + PUSCH
	Company
	Comments

	OPPO
	For case of non-ideal backhaul (e.g. when separate ACK/NACK feedback is configured by gNB), if ACK/NACK feedback for one TRP overlaps with CSI report/PUSCH for another TRP in time domain, the CSI report/PUSCH is dropped.

	Vivo
	For overlapping between PUCCH and PUSCH
•	UE doesn’t expect a PUSCH scheduled from one TRP overlap with any PUSCH/PUCCH scheduled from another TRP except for the case when there is only joint HARQ ACK/NACK feedback within a slot.

	Nokia
	When there is an overlap between PUCCH resources for one TRP and PUSCH resource to another TRP, the transmission of PUCCH is prioritized.

	LG
	When PUSCH and PUCCH for different TRP are overlapped and the portion of overlapped symbols is small with regard to the PUSCH length, the overlapped PUSCH symbol(s) is punctured and both PUCCH and the punctured PUSCH are transmitted.
When PUSCH and PUCCH for different TRP are overlapped and one of them needs to be dropped, what PUSCH contains, e.g., UCI types or UL data types, and whether PUCCH is repeated or not should be taken into account to decide priority.

	Intel
	For UCI multiplexing introduce the following scheduling restrictions:
-	If PUCCH for TRP-1 and TRP-2 are scheduled in the same slot, they are TDM-ed.
-	If PUCCH for TRP-1 and PUSCH for TRP-2 are scheduled in the same slot, they are TDM-ed

	Panasonic
	For multi-TRP transmission, when PUCCH resources conveying UCI feedback for one TRP are overlapped with PUSCH resources for the other TRP, following dropping/multiplexing rules should be considered:
•	If there is different priority levels between PUCCH and PUSCH the discussion/agreements from intra-UE multiplexing/prioritization should be utilized
•	If both the PUCCH and PUSCH corresponding to same priority level, then multiplexing of PUCCH and PUSCH is supported

	NEC
	Make rules or clarifications to solve the collisions 1)-4) due to multi-DCI indication for multi-TRP transmission under non-ideal backhaul.

	Qualcomm
	For multi-DCI based multi-TRP, if the UE is configured with separate HARQ-Ack feedback, the UE is not expected to
•	be indicated with overlapping PUCCH resources for UCI transmissions if the higher layer index of the overlapping PUCCH resources have different values.
•	be indicated with a PUCCH resource for UCI transmission that overlaps with a PUSCH transmission if the higher layer index of the PUCCH resource is not the same as the higher layer index of the CORESET in which the DCI scheduling the PUSCH is received.



· PDCCH reception/monitoring
· BD/CCE enhancements 
	Company
	Comments

	OPPO
	Support mechanisms to reduce the number of blind detections for multiple PDCCH-based multi-TRP transmission. 
· On example is to restrict the aggregation level/DCI format in search spaces associated with CORESET(s) with the higher layer index equal to a predefined value.

	ZTE
	One of following options should be adopted to determine if a DL serving cell is configured with multi-DCI based multi-TRP transmission 
•	Alt. 1: if at least one BWP in the serving cell is configured with two different higher layer indices in the configured CORESETs, the serving cell should be assumed as a DL serving cell with multi-DCI based multi-TRP
•	Alt. 2: if at least one BWP in the serving cell contains two PDSCH scrambling IDs, it should be a DL serving cell with multi-DCI based multi-TRP

A UE dedicated SS with lower index is prioritized.
•	If the SS causes BD/CCE overflow of the corresponding TRP, UE will skip this SS, 
•	If the SS causes BD/CCE overflow of the serving cell, UE will not detect this SS and the remaining SSs with higher SS index

	Samsung
	Regarding the maximum numbers of PDCCH candidates and non-overlapped CCEs,
•	Down-select one among the following options to determine a DL serving cell configured with multi-DCI based multi-TRP transmission to increase the maximum numbers of BD/CCE 
o	Option 1: Explicit indication by introduce a new RRC parameter per serving cell
o	Option 2: Implicit indication depending on the higher layer index per CORESET
•	Support r=1 and r=2
•	Support the same principles for DC capable UEs as well

Secure at least one search space set per CORESET for NC-JT capable UE with PCell PDCCH overbooking
•	Note: No specification change for SCell, i.e. no overbooking by gNB implementation.

	Nokia
	In the case of NR-DC, for the cases that UE reports pdcch-BlindDetectionCA or does not report, the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission are increased as r times the Rel-15 values.

	DOCOMO
	For multiple PDCCH based multi-TRP/panel transmission, support the following PDCCH overbooking rule:
	For USS on Pcell, UE maps all candidates of USS search-space-set with lower SS set ID before candidates of USS with higher ID
	If all candidates in a USS set can’t be mapped based on BD/CCE limit per TRP, any candidates in the USS set and in any subsequent SS sets associated with the CORESETs configured for same TRP/higher layer index are dropped (not mapped); 
	If all candidates in a USS set can’t be mapped based on BD/CCE limit per serving cell, any candidates in the USS set and in any subsequent SS sets are dropped (not mapped).

	Intel
	If higher layer index is configured per CORESET for a UE supporting multi-DCI based multi-TRP transmission:
	For a UE not reporting r (i.e., with the same BD/CCE capability as Rel-15 or r=1) multi-DCI multi-TRP operation should not be limited. 
	For a UE reporting r>1, NW should have the ability to use Rel-15 BD/CCE limits per slot per CC (thereby preserving BD/CCE provisioning for CA capability) on a downlink cell configured with multi-DCI multi-TRP operation
	For a PCell (UE reporting r>1), PDCCH overbooking rules are applied multiple times (per TRP/per CC)

	LG
	Rel. 15 PDCCH mapping rule is revised by additionally capturing the following: 
when USS i does not satisfies either BD/CCE limit of serving cell or BD/CCE limit of TRP limit, drop all remaining USSs, i.e., USS i to N, where N is the index of the last USS.

	Qualcomm
	When multi-DCI based multi-TRP is configured in the primary cell, overbooking is done only for the SS sets associated with the CORESET(s) that are configured with the first value of the higher layer index.
For multi-DCI based multi-TRP and when UE is capable of NR-DC operation, and does not report pdcch-BlindDetectionCA
•	pdcch-BlindDetectionMCG-UE + pdcch-BlindDetectionSCG-UE >= Max{A+r∙B}, where A>= 0 is the number of DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and B >=0 is the number of DL serving cells with multi-DCI based multi-TRP in both MCG and SCG, and where Max{.} is over all possible configurations that the UE is capable of.
•	pdcch-BlindDetection for the MCG + pdcch-BlindDetection for the SCG <= a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP in both MCG and SCG, and b is the number of configured DL serving cells with multi-DCI based multi-TRP in both MCG and SCG.



· CORESET configuration
	Company
	Comments

	OPPO
	The candidate values of higher layer parameter HigherLayerIndexPerCORESET only include {0,1}.
If higher layer index is not configured for any CORESET, or the same index is configured for all configured CORESETs
· UE behavior will follow that of Rel-15.
· UE is not expected to be configured with multiple dataScramblingIdentityPDSCH.
UE is not expected to be configured with multiple CRS patterns for different TRPs.
UE is not expected to be configured with higher layer index only for part of configured CORESETs.

	ZTE
	The agreed higher layer index per CORESET can only be 0 or 1 corresponding the first or the second TRP respectively.

	Nokia
	HigherLayerIndexPerCORESET per CORESET can have values [0:1:M], where M = 4.

	DOCOMO
	For multiple PDCCH design for eMBB, the following can be considered:
	Option 1: the maximum number of CORESETs per serving cell for a UE is increased up to 20.
	Detailed design on MAC CE is up to RAN2.
	Option 2: the maximum number of CORESETs per serving cell for a UE is limited to 12 or increased up to 16.
	The maximum number of BWPs is up to 4 according to UE capability.

	Intel
	HigherLayerIndexPerCORESET range of values = (0, 1) is sufficient.

	Ericsson
	M=1, i.e. the HigherLayerIndexPerCORESET has value range {0,1}

	Apple
	Do not support to extend the candidate value of higher layer index from {0, 1} to {0,1,…,4}.



· UE behavior in case the higher layer index per CORESET is not configured
	Company
	Comments

	Samsung
	No specification supports are required to define UE behaviour in case the higher layer index per CORESET is not configured.

	Lenovo
	The higher layer CORESET index shall be configured for multi-DCI multi-PDSCH multi-TRP transmission.
Establish an one-to-one relationship between the higher layer CORESET indices and the PDSCH RRC parameters for multi-TRP through RRC configuration.

	CATT
	in case the higher layer index per CORESET is not configured, or the same indices are configured for both CORESETs of the two PDSCHs, one simple solution could be to associate them based on CORESET ID. For example, the PDSCH with lower CORESET ID is associated with the first scrambling ID, while another PDSCH uses the second scrambling ID.

if the scrambling ID is not configured, for both PDSCHs from the coordinated TRPs.
in case higher layer index per CORESET is not configured, or the same higher layer index is configured for each CORESET, for joint semi-static HARQ-ACK codebook among M-TRP, HARQ-ACK information bits are concatenated by the increasing order of
•	PDSCH reception occasion index at first
•	and then serving cell index
•	and CORESET ID

	Qualcomm
	CORESET 0 is always associated with a fixed higher layer index (e.g. index=0) when the UE is configured with multi-DCI based multi-TRP operation.

	MTK
	In case there is no higher layer index per CORESET is configured, determine the order for HARQ-ACKs associated with PDSCHs according to CORESET-id and/or serving cell ID. Compare cell-ID first and then compare CORESET-id if cell-ID is the same for the configurations of two CORESETs.
In case the higher layer index per CORESET is not configured, the mapping of q to each codeword for PDSCH scrambling is decided by the lowest CDM group index associated with each codeword.

	Panasonic
	For multi-PDCCH based multi-TRP operation, when the higher layer index per CORESET is not configured, then the CA framework could be reused to handle the concatenation of HARQ-ACK information bits for joint semi-static HARQ-ACK codebook among M-TRP.
For multi-PDCCH based multi-TRP operation, when the higher layer index per CORESET is not configured, then the CA framework could be reused to handle the scrambling of PDSCH from multiple TRPs.
-	No further enhancement is needed to handle PDSCH scrambling for the case when higher layer index per CORESET is not configured

	Nokia
	For M-DCI based multi-TRP transmission, the number of different nID values (configured via an extension of dataScramblingIdentityPDSCH) should be the same as the number of values configured in HigherLayerIndexPerCORESET.
For intra-cell M-DCI M-TRP operation, default nID assumptions should be clarified. 
•	E.g. use adjusted cell_ID as the nID where adjusted cell_ID may be based on a function of cell_ID and the value in HigherLayerIndexPerCORESET.

	China Telecom
	In order to support multiple dataScramblingIdentityPDSCH, there are two alternatives:
−	Alt1. support multiple PDSCH-Config.
−	Alt2. support multiple dataScramblingIdentityPDSCH in a PDSCH-Config.
Different PDSCH-Config/dataScramblingIdentityPDSCH, if supported, can be linked with different CORESETs or CORESET groups in order to associate dataScramblingIdentityPDSCH with TRPs.
In case the higher layer index per CORESET is not configured, default association between dataScramblingIdentityPDSCHs and TRPs should be predefined.



· PDSCH transmission
· CRS rate matching
	Company
	Comments

	OPPO
	For rate matching of CRS, each CRS pattern is associated with at least one higher layer signalled index and adopted to PDSCHs scheduled by the COPRESET(s) with the higher layer signalled index(es).

	ZTE
	Support two sets of LTE CRS patterns which are cell specific and UE specific respectively.
−	The cell specific set of CRS patterns is associated with CORESET group ID 0
−	The UE specific set of CRS patterns is associated with CORESET group ID 1


	Vivo
	lte-CRS-ToMatchAround configured with multiple CRS patterns apply to all PDSCHs for both single DCI and multi-DCI.

	Samsung
	Regarding support of multiple lte-CRS-ToMatchAround configurations in a serving cell,
•	Apply all the configured CRS patterns for all PDSCHs within a serving cell
•	Apply the same rule for single DCI based NC-JT as well

	Nokia
	Support Alt2 for CRS rate matching: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher-layer index.
For rate matching mechanism used for single PDCCH based multi-TRP/panel transmission, support the following enhancements: 
•	Extend the higher layer configuration of LTE-CRS rate matching pattern configuration similar to multiple PDCCH.  
•	PDSCH is rate matched around the union of LTE CRS patterns.

	MTK
	For multi-DCI based multi-TRP/panel transmission, the UE shall rate match around configured CRS patterns for all PDSCHs transmitted from multiple TRPs.

	LG
	PDSCH rate matching for other TRP’s semi-static RateMatchPattern, P/SP NZP/ZP CSI-RS, CRS and SSB can be considered, which can be shared through non-ideal backhaul link.
-	Other TRP’s semi-static RateMatchPattern and P/SP NZP/ZP CSI-RS can be rate matched in spec transparent manner.
-	Other TRP’s CRS is rate matched by conducting rate matching for configured multiple CRS patterns.
-	In case of inter-cell M-TRP transmission, SSB of different cell should be rate matched.

	Lenovo
	Support Alt 1 for CRS pattern configuration (configured CRS patterns for all PDSCHs transmitted from multiple TRPs).

	DOCOMO
	For rate matching around LTE CRS, configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

	Intel
	Consider LTE CRS rate matching for both single and multi-DCI scenarios. Support CRS patterns associated with higher layer index for multi-DCI. Support PDSCH rate-matching based on union of CRS patterns for single DCI.

	CATT
	independent rate matching of CRS, i.e., Alt.2, should be adopted.
strive for the same level of flexibility in rate matching of CRS for both multiple and single-DCI cases.

	Panasonic
	For multi-PDCCH based multi-TRP operation, when the higher layer index per CORESET is configured, then the UE will rate-match around the configured CRS patterns which are associated with a higher layer signalling index per CORESET and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
For multi-PDCCH based multi-TRP operation, when the higher layer index per CORESET is not configured, then the UE will rate-match around the configured CRS patterns for all PDSCHs transmitted from multiple TRPs or CA framework can be reused.

	Ericsson
	Alt 2 is supported for PDSCH rate matching around LTE CRS in case of multi-DCI based multi-TRP transmission.  

	Apple
	For multi-DCI mode, the configured CRS pattern should be common for PDSCH from both TRPs.

	Qualcomm
	Alt2 is supported for CRS rate matching for multi-DCI based multi-TRP.
DMRS of a PDSCH is shifted by 1 when appears on the same symbol with LTE cell-specific reference signals as indicated by the higher-layer parameter lte-CRS-ToMatchAround independent of a) any PRB-level overlap or not with the CRS pattern(s), b) MBSFN subframe or not c) Association of a CRS pattern with a higher layer signalling index per CORESET, d) Presence and scheduling parameters of the other scheduled PDSCH.



· Other channels/signals for rate matching
	Company
	Comments

	ZTE
	Support two PDSCH-Config, two sets of lte-CRS-ToMatchAround, rateMatchPattern, and two groups of CSI-ResourceConfig.

	Vivo
	Support service dependent resource mapping mechanism:
•	If the two PDSCH have equal service priorities, e.g., eMBB + eMBB, each TRP punctures the symbols on the DMRS REs of another coordinated TRP.
•	If two PDSCHs carrying data with different service priorities, e.g., eMBB + URLLC, the TRP transmitting data with lower priority is punctured around the DMRS REs and overlapped PDSCH REs with higher-priority service.
For periodic and semi-persistent CSI-RS, irrespective of ZP or NZP, each TRP should rate match its PDSCH around a combined CSI-RS pattern corresponding to all the coordinated TRPs.
For aperiodic ZP CSI-RS, rate matching should be performed around ZP CSI-RS indicated in the scheduling DCI.
For multi-TRP transmission, each TRP should rate match the corresponding PDSCH around the combination of the SSB patterns of all the coordinated TRPs.
Consider to extend the bitwidth of the rate match indicator field in DCI to indicate the rate match pattern of coordinated TRPs.

	Nokia
	For multi-TRP transmission scheduled by multiple DCI, separate pre-emption indication from each TRP is supported.
For multi-TRP transmission scheduled by multiple DCI, the UE monitors pre-emption indication DCI from each TRP at least for non-ideal backhaul.

	MTK
	A UE expects the PDSCHs scheduled by M-DCI intended for this UE in a given slot do not collide with the DMRS REs associated with the PDSCHs. The UE can ignore a PDSCH colliding with DMRS REs associated with another PDSCH.

	Intel
	Consider SP/P ZP CSI-RS patterns which are associated with a higher layer signalling index per CORESET (if configured) are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

	Fujitsu
	Rate matching behaviour of PDSCH should be clarified in multi-TRP transmission,
· For the following signals, PDSCH is rate matched around them if they are indicated by the scheduling DCI of the PDSCH, and PDSCH is not rate matched around them if they are indicated by other DCIs.
· Aperiodic ZP CSI-RS, 
· Aperiodic NZP CSI-RS
· Dynamic rate match pattern 
To alleviate interference to aperiodic NZP CSI-RS, the following enhancements are needed,
· Aperiodic NZP CSI-RS transmission at the TRP side
· Aperiodic NZP CSI-RS detection at the UE side

	CATT
	the data REs colliding with DMRS ports of other PDSCHs should be rate matched in multiple-PDCCH based multi-TRP transmission.

	Ericsson
	A UE receiving downlink NC-JT scheduling assignments of two PDSCHs can ignore both scheduling assignments in case one of the scheduled PDSCH is mapped to REs used for DMRS to the other scheduled PDSCH to the same UE

	China Telecom
	Rate matching for multi-DCI based multi-TRP/panel transmission, Alt.2 should be supported, i.e. UE shall rate match around configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

	Qualcomm
	For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.
Aperiodic rate matching in a DCI is only relevant for the corresponding scheduled PDSCH, and not the other PDSCH.
Two set of resources are configured for aperiodic rate matching (rateMatchPatternGroup1, rateMatchPatternGroup2, and aperiodic ZP CSI-RS resource sets). The set of configured resources to consider for interpretation of the relevant DCI fields (Rate matching indicator and ZP CSI-RS trigger) depends on the CORESET group in which the DCI is detected.



· BWP switching
	Company
	Comments

	OPPO
	When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped, or only one BWP indicator is effective.

	Vivo
	For PDSCH scheduling for non-ideal backhaul scenarios,
•	A UE always follows the dynamic BWP switching signaling from a default TRP. UE may not respond to dynamic BWP switching signaling from other TRPs.

	Samsung
	The values of BWP indicators for two co-scheduled PDSCHs shall be identical for NC-JT support. Otherwise, UE assumes single TRP transmission

	Nokia
	For BWP switching, UE shall only follow BWP switching command in DCI transmitted in specific CORESETs.

	MTK
	For a UE expected to receive two PDCCHs from two TRPs, BWP switch command is allowed only from a master TRP. Frequency-domain resource allocation for PDSCH from slave TRP is always within the BWP used by the master TRP.

	Lenovo
	The UE does not expect to receive multiple DCIs in the same slot indicating different DL or UL BWP changes.
If a UE detects two DCIs indicating a same active DL BWP change in a same slot, the UE is not required to receive or transmit in the cell during a time duration from the end of the third symbol of a slot where the UE receives the DCI until the beginning of a slot indicated by the smaller slot offset value of the time domain resource assignment fields in the two DCI.
The network can configure the UE to restart the timer upon detect a DCI format 1_1 transmitted from any TRP or a specify TRP during a subframe in FR1 or a half subframe in FR2.
The UE can only restart the timer upon detect a DCI format 1_1 transmitted from a CORESET configured with a lower index value.

	DOCOMO
	For multiple PDCCH design for eMBB, support DCI-based BWP switching, if configured.
	UE assumes the same active BWP for multiple TRPs.
	UE follows BWP indication from one TRP as specified or RRC configured, and ignores the BWP indication from another TRP.
For multiple PDCCH design for eMBB, support timer-based BWP switching, if configured.
	UE assumes the same active BWP for multiple TRPs.
	UE follows timer-based switched BWP for one TRP as specified or RRC configured.

	CMCC
	Multi-TRPs should coordinate successfully to ensure simultaneously BWP switching through multiple DCIs. Even when UE is scheduled with different active BWPs through multiple-PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped.

	Fujitsu
	The following option for BWP switching of multiple TRPs can be considered to ensure the same active BWP between multiple TRPs:
· [bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK51][bookmark: OLE_LINK52]A UE always follows BWP switching command in DCI transmitted in specific CORESETs.

	Panasonic
	For multiple-PDCCH based multi-TRP/panel transmission, BWP switching via DCI indication is supported and alignment of BWP between the participating TRPs could rely on network coordination via backhaul link. It means the UE can assume BWP between the participating TRPs are aligned even if BWP switching via DCI indication is used.

	Xiaomi
	The UE follows BWP part indicator from PDCCCH of the primary TRP.



· PDSCH mapping type
	Company
	Comments

	Vivo
	For fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul scenarios, PDSCH with different mapping types, i.e. A + B should be restricted.

	Samsung
	Support both PDSCH mapping type {A+A} and {B+B} for two co-scheduled PDSCHs.
o	FFS, support of PDSCH mapping type {A+B} for K0>0.

	Nokia
	For multi-TRP transmission scheduled by multiple DCI, PDSCH mapping type restriction is not be required.

	LG
	Support resource allocation type A + type A for NCJT transmission.

	DOCOMO
	For multiple PDCCH design for eMBB, support the same PDSCH mapping type (PDSCH Type A+ PDSCH Type A) for co-scheduled PDSCHs as starting point.

	Intel
	Consider scheduling restriction for certain NC-JT PDSCH scheduling using mapping Type-B (if the number of overlapping symbols of the scheduling PDCCH and scheduled PDSCH is different for the two NC-JT PDSCHs)

	Panasonic
	For multiple-PDCCH based multi-TRP/panel transmission for eMBB, supporting combination of at least PDSCH mapping type A + PDSCH mapping type A should be concluded. It should be further discussed if it is required to have the restrictions for PDSCH mapping type B, especially taking into account URLLC discussion.



· PRG-level grid alignment
	Company
	Comments

	Vivo
	PRG-level grids from multiple TRPs are not necessarily aligned if the UE is scheduled by fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul.

	Samsung
	Support RRC configured bundling size only for NC-JT support

	Nokia
	For multi-TRP transmission scheduled by multiple DCI, alignment of PRG-grid between TRPs is not required.

	MTK
	For multi-DCI based PDSCH reception of a UE:
•	The UE expects the precoding of the potential co-scheduled PDSCHs associated with other DM-RS ports within all CDM group(s) without data is the same in the PRG-level grid configured to this UE with PRG =2 or 4.
•	The UE expects the resource allocation of the potential co-scheduled PDSCHs associated with other DM-RS ports ports within all CDM group(s) without data are aligned in the PRG-level grid to this UE with PRG=2 or 4.

	LG
	In case of partially/fully overlapped resource allocation, when PRG of a PDSCH (e.g. PDSCH 1) is 2 or 4, the precoding of another fully/partially overlapped PDSCH (e.g. PDSCH 2) should be the same in each PRG of PDSCH 1 and allocated resource of the overlapped PDSCH 2 should be either fully overlapped or non-overlapped in each PRG of PDSCH 1.

	Panasonic
	For multiple-PDCCH based multi-TRP/panel transmission, PRG level alignment between the two TRPs should be supported, where the alignment is done by the TRPs through coordination via backhaul link. It means the UE can assume PRG level alignment between the two TRPs are always available.



· Multi-PDCCH for FR2
	Company
	Comments

	LG
	Following two different UE assumptions should be considered for BM enhancement for multi-TRP/panel transmission.
-	Assumption1) UE can manage multiple Rx beams simultaneously, one for each TRP/panel.
-	Assumption2) UE cannot manage multiple Rx beams simultaneously (e.g. single Rx panel UE or multi-Rx-panel UE but only one Rx panel can be used at a time)
For UE-Assumption1, the UE ignores DCI when the DCI to PDSCH time offset is less than the threshold, if the DCI is transmitted on a CORESET group that does not include the default CORESET.
For UE-Assumption2, UE behavior regarding default CORESET should be kept same as Rel-15 while QCL-D RSs need to be aligned.

	DOCOMO
	For multiple PDCCH based multi-TRP/panel transmission, the DM-RS ports of a PDSCH are quasi co-located with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH quasi co-location indication of the lowest CORESET-ID in the latest slot which has the same higher layer index as the CORESET in which the DCI scheduling the PDSCH is received.

	Sony
	For multiple PDCCH design in intra multi-TRP/Panel scenario, support RRC signaling for a link between a PDSCH and corresponding CORESET for default QCL.
Increase number of UE capability parameter for time duration for QCL.

	ITRI
	at least for eMBB with multi-DCI based multi-TRP transmission, if the time offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold, UE could assume that the DM-RS ports of PDSCH are QCLed with the RS(s) in the TCI state with respect to the QCL parameter(s) used for PDCCH QCL indication of the lowest CORESET-ID among CORESET-IDs of the same higher layer index.

	ASUSTek
	In NR Rel-16, if scheduling delay is below the threshold timeDurationForQCL, more than one default beams are determined to receive PDSCH. 
-	Determined default beams respectively correspond to receiving beam for CORESETs associated with different TRP, i.e. different higher layer index configured per CORESET.

	Qualcomm
	For multi-DCI based multi-TRP, default QCL for a PDSCH is determined based on the lowest CORESET ID that has the same higher layer index as the CORESET in which the DCI scheduling the PDSCH is received (i.e. within the same CORESET group).



· Multi-PDCCH for inter-cell operation
	Company
	Comments

	Samsung
	Consider the following options to support inter-cell multi-TRP operations:
•	Option 1: No QCL reference RS for TRS from second TRP
•	Option 2: Configure SSB from first TRP as the QCL reference RS for TRS from second TRP
•	Option 3: Configure additional ServCellConfigCommon for second TRP
•	Option 4: Add PCI value within TCI-State or QCL-Info
•	Option 5: Add CSI-RS for mobility as the possible candidate for QCL reference RS

	Nokia
	For inter-cell multi-DCI based multi-TRP support, extend the TCI framework such that QCL reference can use both TRS and SSB coming from a non-serving cell with a different PCI. 
•	Apply the same principle for single PDCCH based multi-TRP schemes.

	Intel
	In tightly synchronized scenarios, indication of SSB from non-serving cell is not necessary for supporting inter-cell multi-TRP operation. In non-tightly synchronized scenario, indication of SSB from a non-serving cell is beneficial but not sufficient to enable practical inter-cell multi-TRP operation.

	LG
	A pair of SSB index and cell ID can be configured to utilize different cell’s SSB as QCL type C/D source for TRS/CSI-RS.

	Ericsson
	For the case of higher layer index configured to a CORESET, inter-cell mTRP/mPanel op-eration is not supported in Rel.16.

	Apple
	For multi-DCI mode, gNB should provide information for the SSB for assistant TRP.
It should be supported that either the transmission power of SSB from assistant TRP should be provided or the range of powerControlOffsetSS should be extended.

	Qualcomm
	For inter-cell (different Cell IDs) scenario, when multi-DCI based multi-TRP is configured in one serving cell
•	UE can be configured with a second PCI (“physCellId”).
•	QCL-Info of TCI-State shall be enhanced with an additional option for referenceSignal for an SSB-Index from the second SSB burst set.





4.2. Single-PDCCH based multi-TRP/panel based DL transmission 
· DMRS port indication design	
	Company
	Comments

	OPPO
	Reuse Rel-15 DMRS table with some new entries to support NC-JT

	Lenovo, Motorola Mobility
	Add the entry (0; 2,3) to Table 7.3.1.2.2-1/2/3/4 of 38.212 using the first reserved value from R15. 

	CMCC
	For single-PDCCH based multi-TRP transmission, DMRS port indication tables for both DMRS Type 1 and Type 2 with single front-load symbol are shown in Tables 3-1 and 3-2.

	vivo
	Support adding one new entry {0, 2, 3} to NR Rel-15 antenna port indications tables for multi-TRP transmission.

	ZTE
	Support two front-loaded DMRS symbols for NCJT.
For NCJT transmission which is based on single PDCCH, at least support entries listed in Table 2.1-1 in the case when dmrs-Type=1, maxLength=2 and support entries listed in Table 2.1-2 in the case when dmrs-Type=2, maxLength=2.

 When two TCI states are indicated by TCI codepoint in DCI, a new DMRS table is used. When single TCI state is indicated by TCI codepoint in DCI, the Rel-15 DMRS table is used. In the new table, 
·  DMRS ports corresponding to two CDM groups indicated by each entry are mapped to two TCI states respectively. The mapping between CDM group and TCI state can be different in different entries.

	CATT
	It’s not necessary to support the allocation of DMRS ports across CDM groups for all the numbers of front-load DMRS symbol. In the other word, for each rank greater than 1, if at least one entry in the DMRS table can support DMRS ports allocation across CDM groups, no additional entries are needed for supporting NC-JT.
From DMRS port allocation perspective, to support URLLC transmission, no addition entries are needed in DMRS table.
For supporting flexible rank combination in NC-JT for eMBB, Table 1~4 can be considered

	SS
	Use Table 1, Table 2, Table 3, and Table 4 when the UE received Rel-16 TCI activation MAC CE.

	Panasonic
	Proposal 14: For single-DCI based NJCT transmission, a new row is added to the existing table for DMRS type 1 with two CDM groups and single codeword to allow the combination of port number 0,2 and 3 for transmission from two TRPs, where port number 0 from first CDM group is assigned to one TRP and port number 2 and 3 from second CDM group are assigned to other TRP.

	Intel
	· Re-use Rel-15 DM-RS antenna port indication table for Rel-16 single-DCI based multi-TRP support without addition of any new entries.
· 
When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, in order to support asymmetric rank indication of 1+2, re-use current DM-RS antenna port indication table entry support rank indication 2+1 using DM-RS ports 0, 1, 2.  Use DCI indicated value of to switch mapping of the two TCI states in the TCI code point to the CDM groups:
· 
When  the first TCI state in the code point maps to CDM group 1 and the second TCI state in the code point maps to CDM group 2.
· 
When  the first TCI state in the code point maps to CDM group 2 and the second TCI state in the code point maps to CDM group 1 effectively supporting the rank combination 1+2. 

	E///
	[bookmark: _Toc21072363][bookmark: _Toc21072571][bookmark: _Toc21088720][bookmark: _Toc21111815][bookmark: _Toc21112969][bookmark: _Toc21072476]Add one row to PDSCH antenna port indication table for DMRS Type 1 and 2 with a single front loaded DM-RS symbol, using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively

	Nokia
	For single PDCCH based multi-TRP transmission, consider only SU-MIMO when deciding the DM-RS port mapping at least in Rel-16.
For single PDCCH based multi-TRP transmission, new combinations should be added as new entries of the existing DM-RS table, and they are applicable only when two TCI states are indicated by MAC-CE.
For single PDCCH based multi-TRP transmission, a new entry of DM-RS port mapping is supported for 1+2 layer combination, which is one of the following alternatives.
· Alternative 1: DM-RS ports of (0, 2, 3)
· Alternative 2: DM-RS ports of (2, 0, 1)

	Apple
	For DMRS port indication, it should be supported to reuse some entries and define some additional entries to support 1+1, 1+2, 2+1 and 2+2 combination based on legacy DMRS port indication table, instead of defining a new table.
Introduce addition entries for DMRS port indication as highlighted part in Table 1-4, and only the entries where DMRS ports from two CDM groups are allocated to UE can be indicated when number of indicated TCI state is 2. 

	QC
	For layer combination 1+2 for single-DCI based multi-TRP, support including DMRS ports entry {2;0,1} with single front loaded DMRS symbol for DMRS type=1 and 2
Support introducing new DMRS tables for indication of antenna ports for the case of multi-TRP with single-DCI based design (SDM, FDM, TDM). The determination of which set of DMRS port tables should be used can be a function of the TCI field value in the DCI, i.e., whether it maps to one TCI state or two TCI states.

	China telecom
	New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
TCI field value in the DCI can be used to determine which DMRS tables to be used: if the TCI code point is mapped to 1 TCI state, then the original DMRS tables should be used; if the TCI code point is mapped to 2 TCI states, then new DMRS tables should be used.

	HW
	For single-PDCCH based multi-TRP/panel transmission, a new DMRS table is applicable when two TCI states are indicated by a TCI code point.
To enable single-DCI based NCJT transmission for eMBB, support following entries of single front-load DMRS symbol for DMRS port indication
· for layer combinations of 1+1, 2+1, 2+2, existing Rel-15 legacy entries with 2 or 3 CDM groups
· for layer combination of 1+1, DMRS port entry {0,2} with 3 CDM groups without data for DMRS Type 2
· for layer combinations of 1+2, DMRS port entries {0,2,3} with 2 or 3 CDM groups without data
For single-DCI based NCJT transmission, as least for eMBB, layer combinations of 1+1, 1+2, 2+1, 2+2 should be supported for two front-load DMRS symbols.




· TCI state/QCL Indication enhancement for PDCCH and/or PDSCH  
1) TCI states and CDM group mapping
	Company
	Comments

	OPPO
	To support dynamic switching between DPS and NC-JT, the UE can be indicted with two TCI states and one or multiple DMRS CDM groups:
· If one CDM group is indicated in DCI, the UE applies one of the TCI states according to the indicated CDM group index;
· If multiple CDM groups are indicated in DCI, the UE applies both TCI states.

When 2 TCI states are activated within a TCI code point and two CDM groups are configured, the kth TCI state corresponds to kth configured CDM group, where the 1st indicated DMRS port corresponds to 1st configured CDM group.

	CMCC
	For single-PDCCH based multi-TRP transmission, DMRS port indication tables for both DMRS Type 1 and Type 2 with single front-load symbol are shown in Tables 3-1 and 3-2.


	CATT
	The following mapping rules depending on the configured transmission scheme can be considered.
· For the case 1 TCI state is indicated and 1, 2 or 3 CDM groups are allocated for the UE, that TCI state is mapped to all the CDM groups.
· For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, 
· For FDM and TDM, in each resource allocation/time-domain transmission occasion, one of the TCI states is mapped to the allocated CDM group for that UE. 
· For eMBB, only one predefined TCI state is used. 
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, in eMBB and SDM transmissions, TCI state 0 and 1 are mapped to CDM group 0 and 1 respectively.
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, flexible rank combination can be supported for eMBB by introducing more entries in DMRS table indicating different combinations of port numbers from 2 CDM groups.

	SS
	No additional specification support for three CDM groups

	Panasonic
	For single-DCI based NJCT transmission, a new row is added to the existing table for DMRS type 1 with two CDM groups and single codeword to allow the combination of port number 0,2 and 3 for transmission from two TRPs, where port number 0 from first CDM group is assigned to one TRP and port number 2 and 3 from second CDM group are assigned to other TRP.

	LGE
	When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, the first TCI state is applied to the first indicated CDM group, the second TCI state is applied to the second indicated CDM group.
- The ordering of CDM groups is determined by the first indicated DMRS port by DMRS table. That is the CDM group containing the first indicated DMRS port is the first indicated CDM group among two CDM groups, which include indicated DMRS ports.
When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, 
1) If indicated DMRS ports are from single CDM group, the UE applies one of the TCI states according to the CDM group index, i.e., the first TCI state is applied in case of CDM group 0 and the second TCI state is applied in case of the rest CDM groups, respectively.
2) If indicated DMRS ports are from three CDM groups, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM groups.

	Intel
	For case of Type 2 DMRS and two activated TCI states, if DM-RS ports from 3 CDM groups are indicated in the DCI, an implicit mapping rule is used wherein the first and second CDM groups correspond to the first configured TCI state and the third CDM group corresponds to the second configured TCI state of the TCI code point.

	E///
	[bookmark: _Toc4495555][bookmark: _Toc21072361][bookmark: _Toc21072474][bookmark: _Toc21072569][bookmark: _Toc21088718][bookmark: _Toc21111813][bookmark: _Toc21112967]When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are indicated by a TCI code point, then the first TCI state corresponds to the CDM group of the first antenna port indicated by the antenna port indication table, for the scheduled PDSCH. 
[bookmark: _Toc21072362][bookmark: _Toc21072475][bookmark: _Toc21072570][bookmark: _Toc21112968]When DMRS Type 2 is configured and antenna ports belonging to three DMRS CDM groups are indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the 1st TCI state applies to the CDM group of the first antenna port indicated and the 2nd TCI state applies to the indicated antenna ports of the two remaining CDM groups

	Nokia
	For single PDCCH based multi-TRP transmission, two TCI states indicated are sequentially mapped to the CDM groups in Antenna port field in DCI.
For single PDCCH based multi-TRP transmission, the new DM-RS port mapping shall be applied to both Rel-15 and Rel-16 DM-RS.

	DCM
	· For single PDCCH based multi-TRP/panel DMRS port indication:
· First indicated CDM group is the CDM group corresponding to the first set of DMRS port(s) within the 1st CDM group among all the indicated DMRS ports; second CDM group is the remaining CDM group(s) corresponding to the remaining set of DMRS ports.

	China telecom
	For DMRS type 2, when 2 TCI states are activated within a TCI code point and 3 CDM groups are configured, the flexible association mechanism should be used and the following rules are defined:
· Rule 1: DMRS ports from different TRPs belong to different CDM groups.
· Rule 2: the first TCI state is associated with one CDM group, where the corresponding CDM group has the minimum index, and the second TCI state is associated with other CDM groups.

	HW
	When 2 TCI states are indicated by a TCI code point, at least for eMBB, if DMRS ports indicated by a DMRS entry are from two CDM groups, the first indicated CDM group is the CDM group associated to the first DMRS port according to the ordering of DMRS port(s) of that entry.
When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, 
· If indicated DMRS ports are from single CDM group, the UE applies one of the TCI states according to the CDM group index, e.g. the first and second TCI states correspond to CDM group 0 and 1 respectively. 
· If indicated DMRS ports are from three CDM groups, the first TCI state is applied to the first indicated CDM group and the second TCI state is applied to the rest CDM group(s). 



2) Number of bits and configurations of TCI field
	Company
	Comments

	OPPO
	3 bits TCI field is sufficient to support single PDCCH based multiple TRP/panel transmission.

	CATT
	Depending on the cluster size, extension the number of TCI codepoints can be considered.

	SS
	The payload of TCI field is maintained as 3-bits unless a new RAN1 agreements are available in RAN1#98-bis meeting.
· Send an LS to RAN2 to inform the situation after RAN1#98-bis meeting

	Nokia
	For single PDCCH based multi-TRP transmission, the same number of bits for TCI field as single TRP transmission (i.e. 0 or 3 bits) is used.
For single PDCCH based multi-TRP transmission, the number of TCI states to be activated is the same as Rel-15, i.e. up to 8 TCI states to be activated.  

	China telecom
	For single-PDCCH based multi-TRP/Panel transmission, the size of TCI field in DCI should be kept the same as that of Rel-15.



· FR2 for SDCI
1) PTRS
	Company
	Comments

	OPPO
	Up to two DL PTRS ports can be configured and are associated with indicated TCI states

	Lenovo, Motorola Mobility
	Two ports PT-RS should be supported for single DCI based multi-TRP transmission in FR2.
PT-RS port 0 is associated with the PT-RS antenna port 0 is associated with the lowest indexed DMRS antenna port among the indicated DMRS antenna ports within the first CDM group and PT-RS antenna port 1 is associated with the lowest indexed DMRS antenna port among the indicated DM-RS antenna ports within the second CDM group.

	ZTE
	Support two DL PTRS ports. 
· The maximum number of PTRS ports should be the same as the number of indicated TCI states.

	LGE
	Support 2-port DL PTRS for NCJT from different TRPs/panels by inheriting relevant Rel-15 agreements with possible modifications with respect to details on DMRS port grouping and multiple TCI indication, which have been slightly changed from Rel-15 design to Rel-16 design.
· The maximum number of DL PTRS ports is higher layer configured for PDSCH transmission in the higher layer parameter PTRS-DownlinkConfig. The actual number of transmitted DL PTRS ports for a UE is determined by the number of indicated TCI states. 
· The first PTRS antenna port is associated with the lowest indexed DMRS antenna port among the DMRS antenna ports mapped to the first TCI state. The second PTRS antenna port is associated with the lowest indexed DMRS antenna port among the DMRS antenna ports mapped to the second TCI state.


	Apple
	At least for single DCI mode, 2 PT-RS ports should be supported.

	QC
	Support two PTRS ports in DL for SDM scheme subject to UE capability, where the first/second PTRS port is associated with the lowest indexed DMRS port within the DMRS ports corresponding to the first/second indicated TCI state, respectively.

	HW
	Support 2 PT-RS ports for multi-TRP with single PDCCH if two TCI states is indicated by one TCI code point, where 
· the first PT-RS port is associated with the lowest indexed DMRS port corresponding to the first TCI state, and
· the second PT-RS port is associated with the lowest indexed DMRS port corresponding to the second TCI state. 



2) Default QCL
	Company
	Comments

	ZTE
	For single PDCCH design, if the offset between the reception of the DL DCI and the corresponding PDSCH is less than the threshold timeDurationForQCL, the default QCL assumption of PDSCH should be enhanced.
· Support two default TCI states which are used for the two DMRS groups of PDSCH respectively if the offset between the DL DCI and the PDSCH is less than the threshold. 

	CATT
	Up to 2 TCI states can be activated for each CORESET, wherein only one TCI state is used for the CORESET, and both activated  TCI states can be used for PDSCH QCL assumption, if CORESET is used as QCL reference.	

	SS
	In Rel-16, UE does not expect scheduling offset(s) less than timeDurationForQCL for NC-JT operations.

	NEC
	Support default beam for receiving each PDSCH from the respective TRP in single-DCI based M-TRP transmission. 

	DCM
	· For single-PDCCH based multi-TRP/panel transmission, 
· if tci-PresentInDCI is not configured, UE always assume single default QCL assumption based on Rel.15 rule;
· if tci-PresentInDCI is configured, when the offset between the reception of the DL DCI and the corresponding PDSCH is less than a threshold,
· UE assumes single default QCL assumption based on Rel.15 rule if one TCI state is indicated by DCI;
· UE assumes two default QCL assumptions based on the following rule if two TCI states are indicated by DCI:
· For the 1st TRP/panel, the UE assumes the DMRS ports of the PDSCH corresponding to the TRP are quasi co-located with the RS(s) with respect to the QCL parameter(s) of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot; 
· For the 2nd TRP/panel, the UE assumes the DMRS ports of the PDSCH corresponding to the TRP are quasi co-located with the RS(s) in the TCI state with respect to the QCL type parameter(s) given by the TCI states in the lowest TCI codepoint with 2 TCI states activated by MAC CE.

	HW
	For single-DCI based Multi-TRP transmission, when the scheduling offset of PDSCH is smaller than the threshold of timeDurationForQCL,
· If the Rel-15 default TCI-state (i.e. the activated TCI-state of the CORESET associated with a monitored search space with the lowest CORESET-ID in the latest slot after reception of the activation command of TCI states) is included in one or more TCI codepoint(s), the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by the lowest codepoint among TCI codepoint(s) containing that Rel-15 default TCI-state; 
· Otherwise, the UE may assume that DMRS ports of PDSCH follows QCL parameters indicated by the Rel-15 default TCI-state. 





4.3. For URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul, 
· PDSCH Repetition
	Company
	Comments

	Huawei, Hisilicon
	Proposal 18: For single-DCI based URLLC schemes 2a/2b/3/4, support following indication principles:
•	Support dynamic switching between FDM and TDM schemes according to DMRS entries  
•	Support dynamic switching between FDM schemes 2a and 2b by using the un-used bit in DCI, e.g. NDI bit of the 2nd TB. 
Proposal 19: For URLLC schemes 2b, TB repetition conveyed by FD-RA associated with the 2nd TCI state is assumed to have the same TBS and modulation order with the TB conveyed by FD-RA associated with the 1st TCI state.
Proposal 20: RV sequences {0, 2}, {2, 0}, {0, 3}, {3, 0} should be supported for RV indication of scheme 2b.
Proposal 21: Deprioritize multiple DCI based FDM scheme for URLLC at least in Rel-16. 
Proposal 22: For scheme 3, the maximum number of repetitions can be larger than 2, at least when L=2. 
Proposal 23: For indicating the number of transmission occasions for M-TRP based URLLC scheme 3 and scheme 4, 
•	For scheme 3, support option 1-3 whereas the number of transmission occasion K for L=2   depends on starting symbol location S, e.g.  K= 4 when S <=6 otherwise K = 2. 
•	For scheme 4, support option 2.
Proposal 24: For M-TRP based URLLC schemes 3 and 4, 2 TCI states in one TCI codepoint are associated to different transmission occasions according to a pre-defined mapping order, e.g. sequentially mapping TCI state(s) to the actual repetition occasions in an interleaved manner.
Proposal 25: For scheme 3 with scheduled two PDSCH repetitions in a slot, if the 2nd PDSCH repetition is collided with uplink symbol(s), consider to postpone it to symbol location right behind the uplink symbol(s). 
Proposal 26: Consider to support channel interpolation for URLLC schemes 3/4 with dynamical signalling.
Proposal 27: For URLLC scheme 3, repetition occasions in time domain should be taken into account for each row of the SLIV table, when UE determines the PDSCH occasion(s) for generating semi-static HARQ-ACK codebook.

	Vivo
	Proposal 9:	Reuse the dynamic indication mechanism for PUSCH repetition in eURLLC to indicate the number of transmission occasions for scheme 3.
Proposal 10:	Support dynamic indication of number of transmission occasions for scheme 4.
Proposal 11:	Support combination of scheme 4 and other schemes.
Proposal 12:	For scheme 3 and scheme 4,
•When there is only one switching point, UE transmits on all available resources that are within DL symbols;
•When a nominal transmission occasion is split into multiple actual transmission occasions by DL/UL switching points, each actual transmission occasion of the one nominal transmission occasion apply different TCI states and is mapped with a different RV of the same TB.
Proposal 13:	For scheme 3 and scheme 4,
•There is no minimal gap between PDSCH mini-slot/slot groups.
•Support channel estimation interpolation across mini-slots/slot with the same TCI index if there is no DL/UL switching point between the two mini-slots/slots.
•Rel-15 RV sequences can be used for RV sequences for PDSCH repetitions for one TRP, while the RV sequence with an offset can be mapped for the other TRP.
•TCI state pattern for PDSCH transmission occasions can be configured by higher layer signaling to map 2 TCI states to different transmission occasions.

	ZTE
	Proposal 17: For scheme 3, the number of intra-slot repetitions is the same as the number of DCI indicated TCI states.
Proposal 18: For scheme 4, support RRC indication on the number of PDSCH repetitions. 
Proposal 19: For scheme 3 and 4,
· The first half PDSCH repetitions are associated with the first TCI state in DCI-indicated TCI codepoint, and the second half PDSCH repetitions are associated with the second TCI state in DCI-indicated TCI codepoint.
· Support Rel-15 RV sequences for PDSCH repetitions with the same TCI state. 
· Predefine the RV relationship between the first PDSCH repetitions of two TRP
· RV codepoint is to indicate the RV value of the first PDSCH repetition which is associated with the first TCI state
Proposal 20: Support dynamic switching among single TRP, scheme 1a, 2a, 2b and 3.
· If one TCI state is indicated by TCI codepoint, it is single TRP transmission and Rel-15 DMRS table is used. 
· If two TCI states are indicated by TCI codepoint, it is multi-TRP/panel transmission and a new DMRS table is used.
· Different entry sets in the new DMRS table can represent scheme 1a, 2a, 2b and 3.
Proposal 21: Support multi-DCI based PDSCH repetition. 

	Interdigital
	

	Fujitsu
	Proposal 4: For indication on the number of transmission occasions for scheme 3, option 1-2 is preferred, i.e., TDRA indication is enhanced to additionally indicate the number of transmission occasions.
Proposal 5: For indication on the number of transmission occasions for scheme 4, option 1 is preferred, i.e., TDRA indication is enhanced to additionally indicate the number of transmission occasions.

	Oppo
	Proposal 20: For scheme 3, option 2 (implicitly determined by the number of TCI states) is adopted to determine repetition number.
Proposal 21: For scheme 4, the number of repetitions is indicated via higher layer as in Rel-15 (Option 2).
Proposal 22: Do not introduce gap between mini-slot/slot groups for PDSCH repetition.
Proposal 23: UE is not expected to be configured with a PDSCH repetition in an uplink symbol.
Proposal 24: For mapping between TCI sates and repetitions when 2 TCI states are indicated:
· If two repetitions are configured, each TCI state corresponds to one repetition.
· If four repetitions are configured, the first two repetitions correspond to the first TCI state, while the second two repetitions correspond to the second TCI state.
Proposal 25: The RV sequence for multiple repetitions depends on the number of TCI states indicated in DCI
· If one TCI state is indicated, scheme 3 falls back to Rel-15 transmission without repetition, while scheme 4 falls back to Rel-15 slot aggregation.
· If two TCI states are indicated, the RV sequence is derived from the RV indication in DCI with a different mapping table between RV ID and RV sequence from Rel-15.
Proposal 26: SDM and TDM/FDM is differentiated via the number of indicated CDM groups.
Proposal 27: Indication between TDM (scheme 3/4) and FDM (scheme 2a/2b) via reusing reversed DCI field/states or higher layer signaling.
Proposal 28: Indication between scheme 2a and scheme 2b via reusing reversed DCI field/states or higher layer signaling.
Proposal 29: Reusing the RRC parameter indicating repetition number of scheme 4 to differentiate scheme 3 and scheme 4.

	Samsung
	Proposal 18: Support of multi-DCI based FDM scheme with repetition
· Introduce 1 bit signalling in DCI or new RNTI to permit soft combining of PDSCHs
Proposal 19: Support independent MCS selection for each TRP at least for multi-DCI based FDM scheme with repetition
Proposal 20: LDPC base graph and TBS shall be same across repetition for both single- and multi-DCI based schemes.
Proposal 21: For scheme 2b, UE shall determine TBS and LDPC BG from the TRP with smaller TBS.
Proposal 22: For PDSCH repetition indication mechanism of M-TRP URLLC schemes 3 & 4,
· Support option 3 for scheme 3
· Support option 2 for scheme 4
Proposal 23: For M-TRP URLLC schemes 3 & 4,
· Support cyclical mapping for TCI states-to-repetition mapping.
· Support additional RV sequences, such as {0, 0, 0, 0} and {0, 3, 0, 3}, in addition to Rel-15 RV sequences.
Proposal 24: For overlapping between PDSCH repetition and UL symbols in scheme 3,
· Avoid overlapping between PDSCH repetition and semi-static UL symbols by NW implementation.
· Rate-match the PDSCH symbols overlapped with dynamic UL symbols


	CATT
	Proposal 18: support scheme 1b same as for FDM 2b, especially in FR2.
Proposal 19: support up to 2-layer transmission for SDM transmission schemes.
Proposal 20: for indication on the number of transmission occasions for scheme 3, our preference is based on Option 2 as below.
•Option 4: It is fixed to 2 no matter what the number of TCI states indicated by a code point, whereas one TCI state means two repetitions and two states means one repetition per TCI state.
Proposal 21: for indication on the number of transmission occasions for TDM 4, we are more preferred with option 1.
Proposal 22: the maximum number of transmission occasions for TDM 4 is 8, same as Rel-15.
Proposal 23: the mapping rule of the TCI state to the transmission occasions can be pre-defined with the following options.
•Option1: the comb-like pattern for the TDRA, as the even numbered slot transmission among the K repetitions are transmitted with TCI state 0 and the odd numbered occasions are transmitted with TCI state 1
•Option 2: the comb-like pattern with two consecutive slots allocated for TCI state 0 and the next two consecutive mini-slots/slots allocated for TCI state 1 and cyclically within the K repetition occasions
•Option 3: the allocation with the former half of the K repetitions mapped to TCI state 0 and the latter half mapped to TCI state 1
Proposal 24: for TDM schemes, time-domain bundling can be applied to enhance the channel estimation performance  within the consecutive mini-slots/slots in each transmission occasion of certain TCI state.
Proposal 26: RV sequence applied to the UE is mapped per TRP (TCI state) for TDM scheme.
Proposal 27: up to 2 RV sequences can be configured via RRC signaling to enable the RV mapping of up to 2 TCI states, the 2 RV sequences can be the same or different, the RV sequences configured from RRC can be considered as the basic RV sequences.
Proposal 28: RV sequence per TRP (or TCI state) can be obtained with the offset value applied to each basic RV sequence. Up to 2 rv_offset can be indicated explicitly or implicitly in DCI.
Proposal 29:  the following principles are suggested for the identification:
•the number of TCI states indicated by a TCI code point can be used to identify between the single TRP schemes and multi-TRP schemes. 
•RRC or RRC+MAC-CE signaling can be used to differentiate the specific scheme of multiplexing applied among the multi-TRP coordination
-Option 1: the combined configuration of K1 for TDM 3 and K2 for TDM 4 via RRC or RRC+MAC-CE signaling to indicate the scheme as SDM/FDM or TDM3 or TDM4
-Option 2: RRC signaling to directly indicate the applied scheme as either one of SDM/FDM or TDM3 or TDM4
•DMRS port allocation can be used to further identify between SDM and FDM schemes
•RV indication can be used to differentiate between scheme a and b for SDM/FDM multiplexing schemes
Proposal 30: the RVs or RV sequences should perform the one-to-one mapping with TCI state.
Proposal 31: for the RV indication, the following methods are suggested, our preference is option 2.
•Option 1:  the current RV field indicates the RV1 or RV_offset1 for TCI state 0, and the RV with an offset can be applied for TCI state 1 as RV2 or RV_offset2.  The offset needs to be pre-defined in spec or RRC configured.
•Option 2: RV code point can be used. The RV code point can be pre-determined by network or pre-defined in spec, which may contain all the possible combinations the network expects to apply for a RV configuration.

	Intel
	Proposal-13: Support 2 transmission occasions from 2 TRPs within a slot. No gap between the two consecutive transmission occasions could be the baseline assumption. 
Proposal-14: For scheme 4, support different starting symbol locations in each slot. Support up to 2 transmission occasions in each slot.
Proposal-15: Consider mapping of TCI states to repetitions in a round-robin fashion while defining an offset (in terms of the number of repetitions) from where TCI state switching starts and the number of consecutive repetitions per TCI state.

	LG
	Proposal #4: Higher layer parameter pdsch-AggregationFactor also is used in Rel-16 for scheme 4, and whether Rel-15 slot repetition or Rel-16 URLLC scheme 4 is determined by the number of TCI states indicated by DCI.
Proposal #5: One of the scheme 2a, 2b and 3 should be selected by higher layer configuration, and dynamic indication between eMBB and URLLC can be considered when one of the URLLC schemes is selected by higher layer configuration and two TCI states are indicated by DCI.
Proposal #6: TB size can be determined based on the number of PRBs mapped to the first TCI state for scheme 2b.
Proposal #7: For scheme 2b, different MCS for repeated TBs is not supported and TB size can be determined by MCS value for CW 0.
Proposal #8: Support different RV value indication by using different RV fields in DCI for scheme 2b when maxNrofCodeWordsScheduledByDCI is configured to 2.
Proposal #9: Enhancement of DL PTRS for scheme 2 should be considered
Proposal #10: For indication on the number of transmission occasions for scheme 3, it is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one transmission occasion and two TCI states mean two transmission occasions.
Proposal #11: For indication on the number of transmission occasions for scheme 4, higher layer signaling following Rel-15 mechanism is supported.
Proposal #12: Support the same method to indicate different RV values for scheme 2b and 3.
Proposal #13: For scheme 3 and 4, support gap symbol(s) between different transmission occasions.

	Lenovo
	Proposal 20: No minimal gap restriction between PDSCH mini-slot/slot groups is needed.
Proposal 21: For single-DCI based M-TRP URLLC schemes 3 & 4, study the feasibility of shortening the beam switch delay relative to what is supported in Rel-15.
Proposal 22: To account for the beam switch delay in FR2, transmission occasions in the same slot as the PDCCH which overlap with beam switch time use the TCI state/QCL assumption as CORESET used for PDCCH. For transmission occasions in slot other than the slot with PDCCH that overlap with the beam switch time, the Rel-15 behavior of lowest CORESET-ID in the slot is re-used. 
Proposal 23: For scheme 3, the maximum number of transmission occasions is 2.  
Proposal 25: For scheme 3, 
· No change is needed in the signaling of the time domain resources. 
· Use a fixed offset between the two transmission occasions within a slot
· For FR1, the offset is zero
· For FR2, the offset is a function of the subcarrier spacing
Proposal 26: The indication of  the number of transmission occasions for scheme 4 is done by high-layer signalling following Rel-15 mechanism.
Proposal 27: Map indicated TCI states cyclically to the transmission occasions.  For N indicated TCI states, the TCI state for the nth transmission occasion is n mod N
Proposal 28: Support dynamic switching between scheme 3 and 4 based on the duration of the PDSCH transmission. If the duration is greater than 7 symbols, it is identified as scheme 4, otherwise it is scheme 3.
Proposal 29: For single-DCI based M-TRP URLLC scheme 3 and 4, reuse Rel-15 base RVsequence and map consecutive transmission occasions (with TCI state cycling) to use different RVs according starting RV index indicated in DCI. Successive transmissions from the same TRP should use different RVs.
Proposal 30: UE shall not assume that the channel over which a PDSCH symbol on one antenna port is conveyed can be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed if the PDSCH symbol and the DM-RS symbol of the scheduled PDSCH resource are in different slots with the same TCI index.

	Qualcomm
	Proposal 22: For the scheme 2b, one MCS is indicated in the DCI, which determines the target coding rate for the first codeword from which TBS is determined also using the corresponding set of RBs.
Proposal 23: For schemes 3, support option 2.
Proposal 24: TDRA indicated in the DCI applies to the first repetition, and the second repetition immediately follows the first repetition with the same length.
Proposal 25: Scheme 4 can be configured through RRC while the number of repetitions (maximum of 8) can be dynamically indicated in the DCI.
Proposal 26: For schemes 2b and 3, RV pair is given by the value of the RV field in the DCI. The mapping between RV value in the DCI and the RV pair is RRC configured.
Proposal 27: For schemes 4, the RV value in the DCI determines the starting position for the RV sequence for the first TCI state using the Rel. 15 RV sequence, and an RV offset which is configured through RRC determines the RV sequence for the second TCI state.
Proposal 28: Support dynamic switching between multi-TRP schemes.

	Ericsson
	[bookmark: _Toc21112971]In Scheme 2b, two PDSCH are transmitted with one CW each. 
[bookmark: _Toc21072366][bookmark: _Toc21072479][bookmark: _Toc21072573][bookmark: _Toc21088722][bookmark: _Toc21111817][bookmark: _Toc21112972]When Scheme 2b is scheduled, the RBs allocated to the PDSCH associated with the first TCI state in the TCI code point are used for TBS determination.
[bookmark: _Toc21072367][bookmark: _Toc21072480][bookmark: _Toc21072574][bookmark: _Toc21088723][bookmark: _Toc21111818][bookmark: _Toc21112973]When Scheme 2b is scheduled, the existing RV field in DCI format 1_1 is used to select a RV sequence from a list of pre-defined RV sequences.
[bookmark: _Toc21111819][bookmark: _Toc21112974]For Scheme 2b, consider using the 4 RV sequences listed in Table 1.
[bookmark: _Toc21072368][bookmark: _Toc21072482][bookmark: _Toc21072575][bookmark: _Toc21088724][bookmark: _Toc21111820][bookmark: _Toc21112975]For Scheme 3 (mini-slot TDM), support maximum 2 repetitions in a slot, each corresponding to a separate TRP.
[bookmark: _Toc21072369][bookmark: _Toc21072483][bookmark: _Toc21072576][bookmark: _Toc21088725][bookmark: _Toc21111821][bookmark: _Toc21112976][bookmark: _Toc21072370][bookmark: _Toc21072484]For Scheme 3 dynamic indication of number of transmission occasions, TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field with the maximum number of repetitions limited to 2.
[bookmark: _Toc21072371][bookmark: _Toc21072485][bookmark: _Toc21072577][bookmark: _Toc21088726][bookmark: _Toc21111822][bookmark: _Toc21112977]For indication on the number of transmission occasions for scheme 4, support Option 1 with TDRA based indication.
[bookmark: _Toc21072372][bookmark: _Toc21072486][bookmark: _Toc21072578][bookmark: _Toc21088727][bookmark: _Toc21111823][bookmark: _Toc21112978]Up to 4 RV sequences are predefined and the RV field in DCI is re-used to select one of the sequences for Schemes 3 and 4.
[bookmark: _Toc21111824][bookmark: _Toc21112979]For Scheme 3, the same RV sequences for Scheme 2b are used.
Option 1 with TRP interleaving sequence using wrap around principle is supported if the number of repetitions exceeds the number of TCI states in Scheme 4.

	NTT DoCoMo
	Proposal 3-1:
	For scheme 3, 
	The number of PDSCH repetitions is no more than the number of indicated TCI states.
	The number of PDSCH repetitions is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.
	For scheme 4, 
	The number of PDSCH repetitions is the same as Rel.15, i.e., up to 8.
	The number of PDSCH repetitions is dynamically indicated.
Proposal 3-2:
	At least RV sequences {0,0,0,0}, {0,3,0,3} should be supported.
	For RV sequence indication, 
	Multiple RV sequences can be configured by RRC;
	RV field in DCI indicates one of the RV sequences from the RRC configured RV sequences;
	A mapping rule between the RV values and the PDSCH repetitions/transmission occasions are predefined the same as the configured grant in Rel.15.
Proposal 3-3:
	For the mapping between RV sequence and PDSCH transmission occasions, support the following:
	For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod (n-1, 4)+1)th value in indicated RV sequence;
	For the mapping between RV sequence and PDSCH transmission occasions, support the following:
	TCI states are sequentially mapped to the PDSCH transmission occasions in an interleaved manner.


	Nokia 
	Proposal 30: Scheme 2a/2b does not apply different MCS/modulation orders for different non-overlapped frequency resource allocations.
Proposal 31: For scheme 2b, the redundancy version to be applied on the 2nd transmission occasion of the TB, is determined according to the following table.
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to a transmission occasion

	
	First TCI state
	Second TCI state

	0
	0
	2

	2
	2
	3

	3
	3
	1

	1
	1
	0


Proposal 32: For Scheme 2b, the UE shall determine the frequency domain resource allocation for the first TCI index and use the corresponding number of PRBs in the TBS determination procedure.
Proposal 33: For the indication on the number of transmission occasions for Scheme 3, select Option 2, i.e., it is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.
Proposal 34: For scheme 3, the redundancy version to be applied to the 2nd transmission occasion of the TB, is determined according to the following table. 
	rvid indicated by the DCI scheduling the PDSCH
	rvid to be applied to a transmission occasion

	
	First TCI state
	Second TCI state

	0
	0
	2

	2
	2
	3

	3
	3
	1

	1
	1
	0


Proposal 35: For Scheme 4, TDRA indication is enhanced to indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
•Symbol locations of PDSCH transmission occasions can also have different startSymbolAndLength.
Proposal 36: For Scheme 4, the TCI state pattern and the redundancy version sequence shall be jointly provided by using PDSCH-TimeDomainResourceAllocation field.

	Panasonic
	Proposal 15: For scheme 1 (space-division multiplexing), no further enhancements should be considered for NR MIMO Rel. 16.
Proposal 16: For scheme 3 and scheme, the maximum number of repetitions supported should be 4 and 8, respectively.
Proposal 17: For indication on the number of transmission occasions for scheme 3 and scheme 4, TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field. For example, TDRA table can be enhanced as follows:
	DCI index
	PDSCH mapping type
	K2 
	SLIVs
	Symbol Offset 
	# of repetitions

	0
	B
	4
	SLIV1
	1
	4

	1
	B
	4
	SLIV1
	0
	4

	2
	B
	4
	SLIV1
	2
	4

	…..
	….. 
	…
	
	
	

	15
	B
	4
	SLIV1
	1
	3




	NEC
	Proposal 4: Support a pre-defined gap between PDSCH repetitions for Scheme 3 URLLC transmission at least for FR2.
Proposal 5: Support scheme 2b and 3 with one separate RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.
Proposal 6: Scheme 1a is indicated by DMRS ports from two DMRS CDM groups.
Proposal 7: Scheme 2a is indicated by a single associated RV and the DMRS ports from the DMRS CDM group; scheme 2b is indicated by two associated RVs and the DMRS ports from the DMRS CDM group.
Proposal 8: The PDSCH repetition of Scheme 3 and scheme 4 can be indicated by TDRA field of DCI.

	Beijing Xiaomi
	Proposal 1: Sequential mapping between PDSCH repetitions and TCI states should be supported.
Proposal 2: Dynamical indication on the number of repetition occasions is more preferred.
Proposal 3: It is better to define a principle that Sequential mapping (or Cyclical mapping) should be applied before or after the configuration of TCI state for PDSCH repetition occasions with short time offset.

	Apple Inc.
	Proposal 10: For scheme 3, the number of transmission occasions is determined by number of indicated TCI states.
Proposal 11: For scheme 4, reuse what has been defined in Rel-15 to configure the number of transmission occasions.

	CMCC
	Proposal 4. For single-DCI based M-TRP URLLC scheme 2b, TB size is calculated based on one of the allocated frequency resources, and the same TB size is assumed for the other frequency resources.

	KDDI
	Proposal 1: For scheme 3, support dynamic indication on the number of PDSCH repetitions.
Proposal 2: For scheme 4, reuse Rel-15 frame work on PDSCH repetition.
Proposal 3: Different frequency resource allocation for each transmission occasion for each TCI state respectively using frequency hopping mechanism in Rel-15 configured grant UL transmission should be supported if the number of indicated repetitions is larger than the number of configured TCI states.
Proposal 4: TDM-based combination scheme, i.e., TDM+FDM and TDM+SDM, should be supported.
Proposal 5: For indication of multiple schemes on URLLC with multi-TRP/panel transmission, dynamic indication without changing conventional design should be supported.
Proposal 6: Only single-PDCCH based FDM scheme with repetition should be supported in Rel-16. 
-	FFS: PDCCH enhancements with multi-TRP/panel transmission




· PDCCH Repetition
	Company
	Comments

	Samsung
	Proposal 25. Support beam sweeping for PDCCH without dynamic signalling.

	CATT
	Proposal 33:  consider repetition transmission of PDCCH. The baseline scheme can be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.

	NTT Docomo
	Proposal 3-5:
· Support either of the following:
· PDCCH repetition over multiple CORESETs with soft-combining of PDCCH candidates, or;
· Search space set is associated to multiple CORESETs, in which case each PDCCH candidate is composed of CCEs over multiple CORESETs.



· PUCCH Repetition
	Company
	Comments

	CATT
	Proposal 35: support PUCCH repetition with spatial relation switching.

	NTT Docomo
	Proposal 3-8:
· Conclude to support PUCCH repetition within a slot.
· FFS details
· Support spatialrelationinfo/precoder-cycling across repetitions for PUCCH repetition. The following alternatives for spatialrelationinfo update/indication can be considered:
· Alt.1: spatial relation info for PUCCH for HARQ-ACK transmission to multiple TRPs is configured by RRC
· Alt.2: spatial relation info for PUCCH for HARQ-ACK transmission to multiple TRPs is configured by RRC and MAC CE;
· Alt.3: spatial relation info for PUCCH for HARQ-ACK transmission for multiple TRPs is indicated by RRC and DCI.



· PUSCH Repetition
	Company
	Comments

	CATT
	Proposal 34: support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

	NTT DOCOMO

	Proposal 3-4:
· Support precoder/SRI-cycling across repetitions for PUSCH repetition for both dynamic grant and configured grant
· Precoders/SRIs for PUSCH repetitions are indicated by DCI from multiple sequences of precoders/SRIs
· Multiple sequences of precoders/SRIs for PUSCH repetitions are configured by higher layer
· Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PUSCH repetitions for dynamic grant
· For dynamic grant, one of the RV sequences and starting RV value should be indicatable by the scheduling DCI
· FFS whether the RV sequence and precoders/SRIs are jointly indicated by one field or separately indicated by different fields in the scheduling DCI
Proposal 3-4:
· Support mini-slot PUSCH repetition as a function of multi-TRP enhancement for URLLC
Details of mini-slot PUSCH repetition should be studied in eURLLC WI.





5. Appendix
[bookmark: _Toc1144316]RAN1 96bis
R1-1905684	Summary of AI: 7.2.8.2 Enhancements on Multi-TRP/Panel Transmission of Offline Discussion	Huawei, HiSilicon
RAN1 98
R1-1909602	Summary of Enhancements on Multi-TRP/Panel Transmission		Huawei, HiSilicon

RAN1 98bis
7.2.8.2 Enhancements on Multi-TRP/Panel Transmission 
R1-1910023	Discussion on Multi-TRP transmission	Spreadtrum Communications
R1-1910073	Enhancements on multi-TRP/panel transmission	Huawei, HiSilicon
R1-1910116	Enhancements on multi-TRP and multi-panel transmission	OPPO
R1-1910142	Discussion of multi-panel/TRP transmission	Lenovo, Motorola Mobility
R1-1910170	Discussion on multi-TRP/panel transmission	CMCC
R1-1910190	Enhancements on multi-TRP transmission	Fujitsu
R1-1910229	Discussion on remaining issues on multi TRP transmission	vivo
R1-1910284	Enhancements on Multi-TRP and Multi-panel Transmission	ZTE
R1-1910349	Considerations on multi-TRP/panel transmission	CATT
R1-1910493	Enhancements on multi-TRP/panel transmission	Samsung
R1-1910523	On multi-TRP enhancements for NR MIMO in Rel. 16	Panasonic
R1-1910567	Discussion on multi-TRP operation	NEC
R1-1910582	Enhancements on multi-TRP/panel transmission	LG Electronics
R1-1910668	On multi-TRP/multi-panel transmission	Intel Corporation
R1-1910749	Considerations on Multi-TRP/Panel Transmission	Sony
R1-1910865	Remaining issues of mTRP	Ericsson
R1-1910915	Enhancements on Multi-TRP/Panel Transmission	Nokia, Nokia Shanghai Bell
R1-1910968	Remaining Issues on Multi-TRP Enhancement	Apple Inc.
R1-1911046	Enhancements on multi-TRP/panel transmission	MediaTek Inc.
R1-1911086	Enhancements on multi-TRP and multi-panel transmission	ITRI
R1-1911126	Multi-TRP Enhancements	Qualcomm Incorporated
R1-1911184	Enhancements on multi-TRP/panel transmission	NTT DOCOMO, INC.
R1-1911209	Enhancements on multi-TRP/panel transmission	KDDI Corporation
R1-1911215	Enhancements on Multi-TRP/Panel Transmission	Beijing Xiaomi Electronics
R1-1911217	Enhancements on multiple TRP or panel transmission	ASUSTEK COMPUTER (SHANGHAI)
R1-1911235	Discussion on Multi-TRP/Panel Transmission enhancements	China Telecommunications

6. Agreements 
RAN1 #94bis
Agreement
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC
Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind dection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.
RAN1 #95
Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB
Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #xx1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
· #3: PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH
· UL control enhancement 
· [bookmark: OLE_LINK9]#4: UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· separated A/N payload/DAI for PDSCH transmitted by different resources
· whether need to or how to handle intra-UE A/N and PUSCH overlapping at time domain 
· whether/how to do joint A/N payload considering the applicability of backhaul assumption 
· #5: CSI reporting enhancement for multiple TRP/panels, e.g. 
· CSI processing/timing, separated CSI reporting/reporting resources, and CSI multiplexing with A/N 
· Whether/how to use joint CSI reporting and associated reporting resource
· Whether and how to enhance HARQ, e.g.
· Increasing the number of HARQ
· Other enhancements are not excluded.
· Note that for the sake of discussion, the UE may assume that the UE may receive DL transmission from multiple TRP within a CP with single/multiple FFT windows. Companies are encouraged to clarify time/frequency synchronization assumptions for proposed multi-TRP/panel DL transmission.
· Note that CSI measurement enhancement for NCJT considering backhaul condition and semi-static network coordination are not excluded. Companies are encouraged to evaluate CSI measurement schemes in Ad-Hoc and RAN1#96. 
Agreement
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case
RAN1 Ad-Hoc Meeting 1901
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3
Agreement
For multiple-PDCCH based multi-TRP/panel transmission for eMBB, for the purposes of PDCCH detection, UE does not assume any dependency amongst the multiple PDCCHs
Agreement
For multiple-PDCCH based multi-TRP/panel downlink transmission for eMBB, 
· Separate ACK/NACK payload/feedback for received PDSCHs is supported
· FFS: Details on PUCCH carrying separate ACK/NACK payload/feedback
· FFS: Whether to additionally support joint ACK/NACK payload/feedback for received PDSCHs
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching
Agreement
TCI indication framework shall be enhanced in Rel-16 at least for eMBB: 
· Each TCI code point in a DCI can correspond to 1 or 2 TCI states 
· When 2 TCI states are activated within a TCI code point, each TCI state corresponds to one CDM group, at least for DMRS type 1 
· FFS design for DMRS type 2
· FFS: TCI field in DCI, and associated MAC-CE signaling impact
Agreement
For multi-TRP specification support for URLLC, support at least one of following schemes for transmitting the same transport block from multiple TRPs. Study following schemes for further down-selection for one or more schemes in next meetings
· Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation
· Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K different slots. 
· For further study:
· Details on restriction related to MCS, modulation order for PDSCHs from different TRPs w.r.t. schemes 1 to 4.
· Whether to support mini-slot PDSCH repetitions 
· Signalling mechanism 
· Companies to consider how the schemes apply for FR1 and FR2
· Whether the number of repetitions can be larger than the number of TCI states (n)
· Further clarification for each scheme can be elaborated in RAN1 96 
· Baseline scheme in addition to Rel-15 single-TRP scheme for evaluations
· SFN transmission based on Rel-15 from multi-TRP with single TCI state
· Companies to provide details on assumption on time/frequency synchronization and TRS transmission across TRPs
· Note that supporting multiple schemes in Rel-16 is not excluded.  
· Note that control signalling mechanism for PDSCH reliability/robustness enhancement schemes can be discussed separately.
RAN1 #96
Agreement
For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement
For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis
Agreement
For TCI state configuration in order to enable one or two TCI states per a TCI code point,
· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.
· FFS whether increasing the number of bits of TCI field in DCI
Include in LS to RAN2
R1-1903637	Draft LS on support of Enhancements on multi-TRP/panel transmission
The draft LS is endorsed in R1-1903697 with updates on new RAN1 agreements.
Agreement
To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs), following RRC configuration can be used to link multiple PDCCH/PDSCH pairs with multiple TRPs
· one CORESET in a “PDCCH-config” corresponds to one TRP 
· FFS whether to increase the number of CORESETs per “PDCCH-config” more than 3
FFS: UE monitoring/decoding behavior for multiple PDCCHs.
Include in LS to RAN2
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
For issues related to PUCCH resources, study including: 
· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.
· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 
· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs
· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  
Include in LS to RAN2
Agreement by Email Discussion [96-NR-09]
To facilitate further down-selection for one or more schemes in RAN1#96bis, schemes for multi-TRP based URLLC, scheduled by single DCI at least, are clarified as following: 
·         Scheme 1 (SDM):  n (n<=Ns) TCI states within the single slot, with overlapped time and frequency resource allocation 
§  Scheme 1a:  
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s). 
·         Single codeword with one RV is used across all spatial layers or layer sets. From the UE perspective, different coded bits are mapped to different layers or layer sets with the same mapping rule as in Rel-15. 
§  Scheme 1b: 
·         Each transmission occasion is a layer or a set of layers of the same TB, with each layer or layer set is associated with one TCI and one set of DMRS port(s).
·         Single codeword with one RV is used for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
·         FFS: codeword-to-layer mapping when total number of layers <= 4
§  Scheme 1c: 
·         One transmission occasion is one layer of the same TB with one DMRS port associated with multiple TCI state indices, or one layer of the same TB with multiple DMRS ports associated with multiple TCI state indices one by one.
§  Applying different MCS/modulation orders for different layers or layer sets can be discussed.
·         Scheme 2 (FDM): n (n<=Nf) TCI states within the single slot, with non-overlapped frequency resource allocation  
§  Each non-overlapped frequency resource allocation is associated with one TCI state.
§  Same single/multiple DMRS port(s) are associated with all non-overlapped frequency resource allocations.
§  Scheme 2a: 
·         Single codeword with one RV is used across full resource allocation. From UE perspective, the common RB mapping (codeword to layer mapping as in Rel-15) is applied across full resource allocation. 
§  Scheme 2b: 
·         Single codeword with one RV is used for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
§  Applying different MCS/modulation orders for different non-overlapped frequency resource allocations can be discussed.
§  Details of frequency resource allocation mechanism for FDM 2a/2b with regarding to allocation granularity, time domain allocation can be discussed. 
· Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation 
· Each transmission occasion of the TB has one TCI and one RV with the time granularity of mini-slot. 
· All transmission occasion (s) within the slot use a common MCS with same single or multiple DMRS port(s).  
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across mini-slots with the same TCI index
· Scheme 4 (TDM): n (n<=Nt2) TCI states with K (n<=K) different slots. 
· Each transmission occasion of the TB has one TCI and one RV.  
· All transmission occasion (s) across K slots use a common MCS with same single or multiple DMRS port(s) 
· RV/TCI state can be same or different among transmission occasions. 
· FFS channel estimation interpolation across slots with the same TCI index
Note that M-TRP/panel based URLLC schemes shall be compared in terms of improved reliability, efficiency, and specification impact.
Note: Support of number of layers per TRP may be discussed

RAN1 #96bis
Agreement
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and selection one from the following alternatives in RAN1#97: 
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
Agreement
For PDCCH monitoring and blind decoding for multi-DCI based multi-TRP/panel transmission,  
· Increase the maximal number of CORESETs per “PDCCH-config” up to N=[4, 5, or 6] subject to UE capability
· Increase the maximal number of BD/CCE per slot per serving cell, subject to UE capability
Agreement
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
· Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
· FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
Above applies at least for FR1 
Agreement 
Take into account following principles for single-PDCCH multi-TRP DMRS port indication:  
· Whether/how MU pairing cases between, e.g. UE1 from TRP1 and TRP 2 and UE 2 from TRP 1 and TRP 2, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 1, is needed 
· Whether/how DMRS port indication using DMRS type 1 with 1 or 2 frontloaded symbols, and DMRS type 2 with 1 or 2 frontloaded symbols need to be enhanced
Agreement
For multi-TRP based URLLC, scheduled by single DCI, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· FFS any restrictions/modification of supporting scheme 3/4 for FR2
· For example, considering the number of beam switches within the slot, and the delay from scheduling DCI indicating beam switch to scheduled PDSCH
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 
Agreement
For multi-TRP based URLLC, scheduled by single DCI, 
· Support scheme 1a as agreed in email discussion [96-NR-09]
· FFS: Whether additional specification impact is necessary for URLLC
· On the support of schemes 2a, 2b
· Select one of the following: support 2a only, support 2b only, support both 2a and 2b, support none
· To facilitate further comparisons among 2a, 2b and baseline to understand technical benefits and use cases, consider both SLS and LLS simulation results
· Specification impact, and UE complexity need to be considered as well.
· Companies are encouraged to provide simulation results for LLS using at least the following parameters
· Pathloss delta between two TRPs: 0dB, 3dB, 6dB 
· Details on blockage to be provided by each company if any (for example, the probability that one out of 2 links is blocked is 5% or 10% with 10dB blockage loss for the blocked link)
Conclusion
No consensus in RAN1 on the support enhancing codeword layer mapping, by which transmission layers from each TRP can be mapped to a separate codeword when the total number of layers is ≤4.
Agreement
For TDMed PUCCH transmission within a slot for separate ACK/NACK, study following alternatives for PUCCH resource configurations: 
· Alt 1: PUCCH resource groups can be explicitly configured by the NW.
· All PUCCH resources configured within the first PUCCH resource group do not overlap in time with any PUCCH resources configured within the second PUCCH resource group, considering 
· how to support PUCCH resource groups composed with resources or resource sets
· Alt 2: PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
· PUCCH resource groups are not needed.
· Alt 3: PUCCH resources configured by the NW may be overlapped among M-TRPs. 
Email discussion until 17th of April to be coordinated by Min (Huawei) on simulation parameters for multi-TRP based URLLC scheduled by single DCI. As a starting point for discussions: 
· The number of PRBs: 8, 16, 24, 40
· Target coding rates:  MCS6~=0.12, MCS8~=0.19, MCS12~=0.44, MCS14~=0.6 in MCS Table 5.1.3.1-3 
· Above target coding rate is for scheme 2a. Each CW in scheme 2b have twice the target coding rate.
· The number of layers: 1-2 layers 
· The angles of AOD, ZOD, AOA, ZOA are generated by a fixed random seed in one frame(10ms) to keep channel continuity, but the seed is changed one frame by one frame to keep angles uniformly distributed;
· TDL-C with delay spread 100ns, CDL-C and CDL-D with delay spread =100ns/300ns
Agreement by Email Discussion [96-NR-09]
· The number of PRBs: 8, 40
· Target coding rates:  
· MCS6~=0.12, MCS12~=0.44 in MCS Table 5.1.3.1-3
· Above target coding rate is for scheme 2a for layer 1 transmission. 
· Each CW in scheme 2b have twice the target coding rate.
· Number of Tx/Rx ports: 
· To be reported by proponent company
· The number of layers: 
· 1 or 2 layers
· To compare one-layer versus two-layer transmissions, the code rate of rank 2 transmission is half of that of rank 1 transmission. 
· LLS models: 
· Details of CDL or TDL models are reported by proponent company, e.g. the angle generation mechanism if using CDL model 
· DMRS configuration: 
· single symbol front loaded Type 1 DMRS without additional DMRS,3 dB power boosting, and the number of PDSCH symbols is reported by proponent company
· UE speed: 
· 3km/h
· Inter-TRP frequency(time) offsets: 
· 0 Hz. If phase offset variation is assumed among M-TRP, details of modelling mechanism for phase offset are reported by proponent company. 
· Baseline scheme: 
· Details of the baseline scheme (e.g. SFN with CDD, precoder cycling, etc.) are reported by proponent company. 

RAN1 #97
Agreement
[bookmark: OLE_LINK33]For multi-PDCCH based multi-TRP operation, increase the maximum number of CORESETs per “PDCCH-config” to 5, according to UE capability 
· FFS: How to define capability per TRP 
· Study whether enhancement of reducing PDCCH blocking rate, e.g. Hash function enhancement, and UE complexity is needed, e.g.  taking into account overbooking PDCCH candidates and blind detection reduction per TRP/CORESET group.
Agreement
· For separate ACK/NACK feedback for PDSCHs received from different TRPs, the UE should be able to generate separate ACK/NACK codebooks identified by an index, if the index is configured and applied across all CCs  
· FFS: for the index per TRP basis, e.g. a higher layer signalling index, PRI in L1, CORESET group ID, slot or subslot index in L1
· Support joint HARQ-Ack feedback for PDSCHs received from different TRPs where multiple DCIs are used
· When the PUCCH resources are on the different slots, which are indicated by PDSCH-to-HARQ_feedback timing indicator fields of multiple DCIs for different TRPs, both type-1 HARQ-ACK codebook and type-2 HARQ-ACK codebook are supported.
· FFS, additional specification impact from Rel-15
· Note that it can include other M-DCI NCJT NW implementation cases in Rel-16

Agreement
· The index to be used to generate separated ACK/NACK codebook is a higher layer signalling index per CORESET
· Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE, e.g. slot based PUCCH resource allocation per TRP
· This does not preclude configuring the index for other purposes
· Further clarify details on how to generate separated ACK/NACK codebook by email discussion including how to use such an index 
· Further clarify details on how to generate joint ACK/NACK codebook by email discussion including whether/how to use such an index
· Email discussion on generation of separated ACK/NACK codebook and joint ACK/NACK codebook  - by 31st of May (Min, Huawei)

Agreement 
Support following principles for DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, at least for single front-load symbol and eMBB
· Antenna port field size is the same as Rel-15, at least for DCI format 1-1
· At least support following layer combinations from two TRPs indicated by antenna port field:
· [bookmark: OLE_LINK12]1+1, 1+2, 2+1, 2+2 for single CW and SU, at least for DCI format 1-1
· To be evaluated to determine whether introducing following design principles for DMRS entries in RAN1#98: 
· 1+3 and/or 3+1
· MU cases, i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Two CWs for the case of total layers of NCJT reception more than 4

[bookmark: OLE_LINK4]Agreement
For M-TRP based URLLC, support both 2a and 2b 
· [bookmark: OLE_LINK34]Scheme 2a and 2b have separate UE capabilities.
· For scheme 2b, 
· [bookmark: OLE_LINK35][bookmark: OLE_LINK36]Additional UE capability is specified to inform the gNB whether the UE can support CW soft combining 
· Support up to two-layer transmission 
· In the case of one layer, up to two CBs per CW 
· In the case of two layers, one CB per CW 
· FFS: Support of multi-DCI based FDM scheme with repetition (to be concluded in RAN1#98)
· FFS: Support of independent MCS selection for each TRP

Agreement
For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· The maximal number of transmission layers per transmission occasion, down-select one from the following options:
· Option 1: up to single layer transmission 
· Option 2: up to two layers transmission 
· PDSCH repetition indication mechanism:
· Number of repetitions, down-select one from following options:
· Option 1: Dynamic indication
· Option 2: High-layer configured as Rel-15 

Email discussion to finalize the details of different alternatives on URLLC for M-TRP. Use the following as starting point for discussion - by 7th of June. (Min, Huawei)
· For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· Resource allocation in time domain:
· FFS for further details 
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be used for each repetition
· Resource allocation at frequency domain:
· Same frequency domain resource allocation across repetitions as Rel-15 
· For the number of TCI states across PDSCH repetitions, down-select one from following options:
· Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
· Option 2: up to 4 
· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 
· Option 2-2: Dedicated TCI field is not needed. 
· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. 
· One codepoint in joint field to indicate up to 4 TCI states and corresponding RV sequences.
· RV sequences for PDSCH repetitions 
· Option 1: support Rel-15 RV sequences at least 
· FFS whether RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are needed in Rel-16
· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec. 
· FFS how to map indicated TCI states and RV sequences to transmission  occasions
· Eg. Support Rel-15 RV sequence per TRP
· LDPC base graph and TBS shall be same across repetition. 

Agreement
At least for eMBB with M-DCI NCJT in order to generate different PDSCH scrambling sequences, support enhancing RRC configuration to configure multiple dataScramblingIdentityPDSCH
· FFS details including how to associate dataScramblingIdentityPDSCH with TRPs

Agreement
For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission, support following enhancements: 
· For LTE CRS, extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns in a serving cell
· FFS: Whether/how they apply to one or multiple CRS patterns per PDSCH
· FFS: Whether/how it is applied to single DCI based NCJT

[97-NR-08] – Min (Huawei)
· If the higher layer signaling index per CORESET is configured, when generating separated ACK/NACK codebook across all CCs for M-DCI based multi-TRP/panel transmission: 
· Configured higher layer signaling indices corresponding to different ACK/NACK codebooks have different values. 
· FFS whether/what if the value of indices configured in different CORESETs have the same value (or are not configured) for M-DCI NCJT
· For dynamic codebook, counting DAI is independent for DCIs from CORESETs with different values of configured higher layer signaling indices
· For semi-static codebook, determining candidate PDSCH reception occasions and HARQ-ACK information bits are independent for DCIs/PDSCHs from CORESETs with different values of configured higher layer signaling indices
· For PUCCH resource determination, the last DCI among DCIs, if values of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission with slot-level granularity of K1, is determined independently for DCIs from CORESETs with different values of configured higher layer signaling indices
· Note that this does not preclude configuring the index for other purposes.
· For joint A/N feedback by M-DCI, for both semi-static and dynamic A/N codebooks, studying following aspects:
· HARQ-ACK bit multiplexing: e.g. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs,  or HARQ-ACK from TRP-0 and TRP-1 are interlaced across different CCs
· PUCCH resource determination: e.g. how the last DCI is determined at the UE
· DAI: e.g. DAI is applied per TRP or cross two TRP for dynamic A/N codebook
· Further study on mechanism and conditions for when/how to switch between joint and separated ACK/NACK feedback within a slot, considering one or the combination of the following alternatives:
· Alt 1: a new RRC signaling is to switch between joint feedback and separate feedback.
· Alt2: if configured higher layer signaling indices in the CORESETs corresponding to different TRPs have different values, the UE shall use separated ACK/NACK feedback, otherwise (including indices are not configured) the UE shall use joint A/N feedback as Rel-15.
· Alt 3:depending on reported UE capability signaling of informing the maximum number of transmitted PUCCH resources for HARQ-ACK within a slot [or sub-slot], e.g. if UE reports “1” for the UE capability signaling, joint A/N feedback will be always used within a slot for M-DCI NCJT;
· Alt 4: UE switches between joint feedback or separate feedback depending on whether the indicated PUCCH resources for two TRPs are overlapped or not (reusing Rel-15 rule as much as possible); 
· FFS whether/how to support the value of K1 with sub-slot level granularity 
· FFS whether/how to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs (to be concluded in RAN1 98) 
· Note that for M-DCI based multi-TRP/panel transmission, it is encouraged to minimize spec impact for supporting both separate A/N feedback and joint A/N feedback when the higher layer signaling indices for CORESETs are configured

[97-NR-09] – Min (Huawei)
Email discussion to finalize the details of different alternatives on URLLC for M-TRP. Use the following as starting point for discussion - by 7th of June.
· For single-DCI based M-TRP URLLC schemes 3 & 4, support following design with respect to 
· Resource allocation in time domain: 
· FFS for further details 
· FFS: whether a minimal gap between PDSCH mini-slot/slot groups is needed
· FFS: whether the same number of symbols should be used for each repetition
· Resource allocation at frequency domain: 
· Same frequency domain resource allocation across repetitions as Rel-15 
· For the number of TCI states across PDSCH repetitions, down-select one from following options: 
· Option 1: up to 2  
· One TCI codepoint can indicate up to 2 TCI states as already agreed in Rel-16 for eMBB
· Option 2: up to 4 
· Option 2-1: One TCI codepoint can indicate up to 4 TCI states 
· Option 2-2: Dedicated TCI field is not needed. 
· For example, TCI states and RV sequences are jointly preconfigured and the combination of TCI states/RV sequences is jointly indicated in DCI. 
· One codepoint in joint field to indicate up to 4 TCI states and corresponding RV sequences.
· RV sequences for PDSCH repetitions 
· Option 1: support Rel-15 RV sequences at least 
· FFS whether RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} are needed in Rel-16
· Option 2: RV sequences are preconfigured by higher layer without restriction of specific orders in spec. 
· FFS how to map indicated TCI states and RV sequences to transmission  occasions 
· Eg. Support Rel-15 RV sequence per TRP
· LDPC base graph and TBS shall be same across repetition. 

RAN1 #98
Agreement
In case higher layer index per CORESET is configured, for joint semi-static HARQ-ACK codebook among M-TRP, 
· HARQ-ACK information bits are concatenated by the increasing order of
· PDSCH reception occasion index at first
· and then serving cell index
· and TRP (i.e. higher layer index configured per CORESET (if configured))
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Agreement
In case higher layer index per CORESET is configured, 
· For multi-PDCCH based multi-TRP operation, when multiple dataScramblingIdentityPDSCH parameters are configured, each dataScramblingIdentityPDSCH is associated with a higher layer signalling index per CORESET (if configured) and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· FFS: Whether and how to specify UE behaviour in case the higher layer index per CORESET is not configured.

Conclusion
For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, there is no consensus to increase the maximum number of HARQ process in Release 16

Agreement
For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 
· Principle 1: No consensus to support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.
· Principle 2: No consensus to have additional specification support for MU cases
· Principle 3: No consensus to have additional specification support for two CWs

Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b: 
· The number of TCI states is 2
· Support up to 2 transmission layers for scheme 2a 

Agreement
For single-DCI based M-TRP URLLC scheme 3 & 4 
· The maximum number of TCI states is 2
· Resource allocation in time domain:
· Support same number of consecutive symbols scheduled for transmission occasion 
· For scheme 3 
· All transmission occasions are in a single slot by NW implementation without dropping. 
· FFS for DL/UL switching within the slot  

Agreement
For single-DCI based M-TRP URLLC scheme 2a and 2b support following design: 
· Comb-like frequency resource allocation between/among TRPs. For wideband PRG, first ⌈N_RB/2⌉ RBs are assigned to TCI state 1 and the remaining ⌊N_RB/2⌋ RBs are assigned to TCI state 2. For PRG size=2 or 4, even PRGs within the allocated FDRA are assigned to TCI state 1 and odd PRGs within the allocated FDRA are assigned to TCI state 2. 

Agreement
For schemes 3 and 4, the maximum number of transmission layers per TRP is up to 2 
· The supported maximum TBS size is dependent on UE capability 

Agreement
PDSCH repetition indication mechanism: 
· For indication on the number of repetition occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis
· Option 1: It is dynamically indicated e.g. by reusing the proposed indication mechanism for PUSCH repetition in eURLLC
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions
· For indication on the number of repetition occasions for scheme 4, select one of the following in RAN1#98bis
· Option 1: It is dynamically indicated 
· Option 2: By high-layer signaling following Rel-15 mechanism 
Email discussion on the details of PDSCH repetition indication mechanism by 6th of September, Min (Huawei)

Agreement
For joint dynamic HARQ-ACK codebook among M-TRP, select one from following alternatives in RAN1#98bis
· Alt 1: counter DAI is jointly counted across two TRPs (i.e. different higher layer index configured per CORESET (if configured)), and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs and TRPs. 
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across CCs for each TRP. HARQ-ACK information bits are then concatenated by the increasing order of TRPs (i.e. different higher layer index configured per CORESET (if configured)).

Agreement
In order to switch between joint and separated ACK/NACK feedback within a slot, 
· RRC signaling is used to switch between joint feedback and separate feedback
· Note that UE can use separate HARQ-ACK codebooks when the indicated PUCCH resources for two TRPs are different slots/[sub-slot]. 

Agreement
With regarding to PUCCH resource group for M-DCI NCJT transmission, select one of following options in RAN1#98bis
· Option 1: Support configuring explicit PUCCH resource grouping over resource or resource sets
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped.

Agreement
For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”) is up to UE capability, including at least a candidate value of 3.

Email discussion on the following description (RED) of BD/CCE restriction for multi-DCI based multi-TRP transmission by 20th of September, Min (Huawei)
For the UE supporting multi-DCI based multi-TRP transmission, 
· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET (if configured) per “PDCCH-Config”), the maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot for a DL BWP is no greater than the Rel.15 limit.  
· 
Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on   = pdcch-BlindDetectionCA as reported by the UE
· 
(Bound derived from pdcch-BlindDetectionCA) The maximum numbers of monitored PDCCH candidate and non-overlapped CCEs per slot for total limits,   defined in 38.213,  for a serving cell configured with multi-DCI based multi-TRP transmission are increased as r times the numbers for a serving cell configured with single-DCI based transmission
· 

(Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  and , are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP

Agreement
At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: (down-select one option from following in RAN1#98bis):
· Alt1: configured CRS patterns for all PDSCHs transmitted from multiple TRPs
· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) and are applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

Agreement
For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback
· UE is allowed to transmit two TDMed long PUCCHs within a slot
· UE is allowed to transmit TDMed short PUCCH and long PUCCH within a slot
· UE is allowed to transmit TDMed short PUCCH and short PUCCH within a slot
FFS whether/how to use PRI indication with the granularity of sub-slot for eMBB with M-TRP

Agreement
When 2 TCI states are indicated by a TCI code point, at least for DMRS type 1 and type 2 for eMBB, if indicated DMRS ports are from two CDM groups, 
· the first TCI state is applied to the first indicated CDM group
· the second TCI state is applied to the second indicated CDM group 
FFS: the definition of the first or second indicated CDM group
FFS: Whether above applies for only Rel-15 DMRS or for both Rel-15 and Rel-16 DMRS

Agreement
For single-DCI based M-TRP URLLC schemes 2a/2b/3/4, indicated DMRS ports are from one CDM group.

[98-NR-18] – Min (Huawei)
Agreement on PDSCH repetition indication mechanism: 
· For indication on the number of transmission occasions for scheme 3, select one of the following dynamic indication methods in RAN1#98bis 
· Option 1: It is dynamically indicated 
· Option 1-1: reusing the indication mechanism for PUSCH repetition in eURLLC
· Option 1-2: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 1-3: it is determined by the allocated PDSCH length L using pre-defined value (e.g. 2 for L =4 or 7,  2/4/6 for L = 2.  FFS: how to associate a predefined value of 2/4/6 with the starting symbol S)
· Option 2: It is implicitly determined by the number of TCI states indicated by a code point whereas one TCI state means one repetition and two states means two repetitions.
· Option 3: The total number of repetitions is determined by X times the number of TCI states Y indicated by a code point, i.e. X*Y 
· If X=1, one TCI state implies one transmission occasion and two TCI states means two transmission occasions  
· FFS: whether/how X>1 to be supported  
· For above options, the symbol locations corresponding to different transmission occasions can be further discussed taking into account DL/UL switching. 
· For indication on the number of transmission occasions for scheme 4, select one of the following in RAN1#98bis 
· Option 1: TDRA indication is enhanced to additionally indicate the number and symbol locations of PDSCH transmission occasions by using PDSCH-TimeDomainResourceAllocation field.
· Option 2: By high-layer signaling following Rel-15 mechanism 

[98-NR-19] – Min (Huawei)
Agreement:
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the following principles for the maximum numbers of BD/CCE for multi-DCI based multi-TRP transmission: 
· For CORESETs configured for the same TRP (i.e. same higher layer index configured per CORESET per “PDCCH-Config”), the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for a DL BWP are no greater than the Rel.15 limits defined in Table 10.1-2 and Table 10.1-3 in 38.213;
· Total limits for BD/CCE numbers across configured CCs are calculated the same as that in Rel. 15 based on    as described in subclause 10 in TS38.213;
·  (Bound derived from pdcch-BlindDetectionCA) When determining the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs per slot for total limits, [image: cid:image002.png@01D56FDB.8D098530]  defined in 38.213, the number of DL serving cell(s) configured with multi-DCI based multi-TRP transmission is increased as r times. 
· (Bound independent of pdcch-BlindDetectionCA) The maximum BD/CCE numbers,  [image: cid:image003.png@01D56FDB.8D098530] and[image: cid:image004.png@01D56FDB.8D098530], are increased as r times the Rel-15 values defined in Table 10.1-2 and Table 10.1-3 in 38.213 for a serving cell configured with multi-DCI based multi-TRP
· FFS, bounds derived from or independent of pdcch-BlindDetectionMCG, or pdcch-BlindDetectionSCG
· If higher layer index is configured per CORESET for the UE supporting multi-DCI based multi-TRP transmission, support the followings for the principles above: 
·  is replaced with , where  is the number of configured DL serving cell(s) without multi-DCI based multi-TRP with active DL BWP with SCS , and  is the number of configured DL serving cell(s) with multi-DCI based multi-TRP with active DL BWP with SCS  
· The value range of r is [1, 2], and it depends on UE capability.
· UE indicates pdcch-BlindDetectionCA when it is possible to configure A+B DL cells to the UE with A>= 0 DL serving cells without multi-DCI based multi-TRP and B >=0  DL serving cells with multi-DCI based multi-TRP such that A+r∙B>4 
· When UE does not provide pdcch-BlindDetectionCA, the value of N^cap_cells is a+r.b, where a is the number of configured DL serving cells without multi-DCI based multi-TRP, and b is the number of configured DL serving cells with multi-DCI based multi-TRP.
· FFS: other conditions for UE capability reporting are applied to multi-DCI based multi-TRP transmission
· FFS: details on how to determine a DL serving cell configured with multi-DCI based multi-TRP transmission and associated value of r.
· FFS: Whether/how to enhance PDCCH mapping/dropping rule in a DL serving cell configured with multi-DCI based multi-TRP transmission in case of PDCCH overbooking.
· Note that how to capture above into the spec can be up to the editor.
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