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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.

For reference, all related RAN1 agreements so far have been summarized in Section 6. 
2. Proposals for Online/Offline Discussion 
2.1. Multiple-PDCCH based multi-TRP/Panel transmission
Following the email discussion [97-NR-08], remaining details were discussed. For generation of HARQ-ACK codebook, companies provided their views about how to organize/sort HARQ-ACK bits for across TRPs, CCs and slots. 
For joint dynamic HARQ-ACK codebook, QC, LG, DOCOMO, CATT prefer that DAI is jointly counted across two TRPs, while ZTE Samsung, Lenovo, DOCOMO, Intel prefer independent DAI counting per TRP. For semi-static HARQ-ACK codebook, ZTE, VIVIO, MTK, Lenovo, Intel, Spreadtrum, QC may prefer that HARQ-ACK bits for two TRPs are concatenated by the increasing order of the higher layer indices, while Nokia, DOCOMO would prefer that HARQ-ACK bits of TRP-0 and TRP-1 are interlaced across different CC. QC also has proposed to have separate PDSCH reception occasion determination for each TRP.
Up to our understanding, we have the following proposal for further discussion:
[Draft offline proposal 1-1]:   For joint dynamic HARQ-ACK codebook among M-TRP, 
· Alt 1: counter DAI is jointly counted across two TRPs, and total DAI should count total number of DCIs in a PDCCH monitoring occasion across both CCs and TRPs. 	Comment by Huawei: (8) Qc, DOCOMO, LG, Spreadtrum, OPPO, Panasonic, Ericsson, MTK
[image: ]	Comment by Huawei: Figures in proposal 1-1/2 are from R1-1909201 DOCOMO
· Alt 2: counter DAI is counted per TRP, and and total DAI should count total number of DCIs in a PDCCH monitoring occasion across both CCs and for each TRPs. HARQ-ACK information bits are then concatenated by the increasing order of higher layer index configured per CORESET (if configured).	Comment by Huawei: (8) ZTE, Samsung, Intel, CATT, Lenovo,  HW, Apple, Nokia
[image: ]
[Draft offline proposal 1-2]:   For joint semi-static HARQ-ACK codebook among M-TRP, 
· Alt 1: HARQ-ACK information bits are concatenated by the increasing order of higher layer index configured per CORESET (if configured) at first, and then PDSCH reception occasion index, and then serving cell index.	Comment by Huawei: (3) DOCOMO, Spreadtrum，OPPO
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· Alt 2: HARQ-ACK information bits are concatenated by the increasing order of PDSCH reception occasion index (if configured) at first, and then serving cell index, and then higher layer index configured per CORESET.	Comment by Huawei: (12) Samsung, LGE, Panasonic , QC, Intel, ZTE, MTK, Lenovo,Ericssonl,  HW, Apple, Nokia
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· Note that HARQ-ACK information bits in Rel-15 are concatenated by the increasing order of PDSCH reception occasion index at first, and then serving index.
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Ericsson
	Proposal 1-1 and 1-2 are not needed when the CA framework is re-used for multi-PDCCH based mTRP as proposed in R1-1909465 since CA already have all the mechanisms in place and a specified ordering of HARQ-ACK bits.  If CA framework is re-used, the HARQ-ACK bit ordering will be according to serving cell index. Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET. 

	Samsung
	For proposal 1-1, Alt2 is preferred since Alt1 requires tight coordination among TRPs 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.
For proposal 1-2, we can start from the discussion dealt in the agreed e-mail discussion [NR-97-08]: “HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs.” 
On the FL proposal 1-2, Alt2 is preferred over Alt1 due to its simplicity. By Alt2, joint HARQ-ACK codebook is generated by simply concatenating per-TRP codebook which is generated by following Rel-15 rule. However, Alt1 needs considerable modification of codebook generation rule since higher layer index needs to be taken into account from the first step.

	LGE
	For dynamic codebook, we support Alt 1, which is exactly same as Rel-15 UE behaviour and more robust to DCI missing compared to Alt 2.
For semi-static codebook, we support Alt 2.

	Spreadtrum
	Proposal 1-1:
We are confused for Alt.2 on the inconsistent behaviour for total DAI and counter DAI. If total DAI is applied across TRP, why DAI counter is not. In addition, for fallback DCI 1_0, there is only counter DAI without total DAI. Then, if UE missed detection of the last DCI of TRP with the lowest high layer configured in CORESET, then it would result in inconsistent understanding between UE and gNB. Thus, we prefer Alt.1.

Proposal 1-2:
For semi-static HARQ-ACK codebook, if multiple TRPs configured in different CCs (or serving cell index), no enhancement is needed and reusing Rel-15 is enough. If multiple TRPs configured in the same CC (or serving cell index), enhancement is needed to identify the A/N mapping order from different TRPs. Thus, we prefer Alt.1.

	DOCOMO
	For proposal 1-1, compared with Alt.2, Alt.1 is preferred since Alt.1 can avoid HARQ-ACK codebook size ambiguity due to the DCI miss detection across TRPs. Considering joint ACK/NACK feedback is mainly applied for ideal backhaul, coordination across TRPs is available.  In addition, if joint ACK/NACK feedback can also be applied for non-ideal backhaul, another way is to support both Alt.1 and Alt.2, which one to use can be configured by RRC. However, it may be difficult to use joint ACK/NACK for non-ideal backhaul considering the loose coordination among TRPs. Therefore, Alt.2 is our first preference.
For proposal 1-2, Alt.1 is preferred. For semi-static HARQ-ACK codebook generation, two steps are needed. First step is to determine the candidate PDSCH occasions; second step is to determine the HARQ-ACK bits for each candidate PDSCH occasion. For Alt.1, candidate PDSCH occasions determination can reuse the Rel.15 PDSCH candidate occasion determination procedure. Higher layer index is needed only for the second step. While for Alt.2, candidate PDSCH occasions for each TRP need to be generated, which may change the step 1 procedure in Rel.15.

	OPPO
	For proposal 1-1, Alt.1 is similar to UE behaviour in Rel-15, which can simplify the UE implementation.
For proposal 1-2, Alt.1 is preferred.

	Panasonic
	We agree Ericsson to reuse CA design is very good considering the available meeting time and reducing the complexity. Therefore, according to our understanding, it means offline proposal 1-1 is alt 1 and proposal 1-2 is alt 2. Note that we are not yet clear whether the CA framework is re-used or individual design aspects are reused from CA. 

	QC
	In general, we agree with most of Ericsson’s observations. Whether we use RRC signalling of CA or not, the procedures for which there are already well-stablished solutions in CA should be reused for multi-DCI based multi-TRP.

Proposal 1-1: Support Alt1. It is important to note that Alt2 has robustness issues: if codebook size is not correct for one of the TRPs due to missing DCIs, feedback for that TRP as well as the other TRP cannot be received correctly as the joint HARQ-Ack cannot be decoded due to wrong overall payload size. It is not clear to us the motivation for Alt2 (separate DAI) when HARQ-Ack feedback is joint in which case backhaul cannot be non-ideal anyway. Rel. 15 CA uses joint DAI for joint feedback. Same mechanism should be used for mTRP.

Proposal 1-2: Support Alt2 as it is more aligned with semi-static HARQ-Ack codebook determination in the case of CA.

	Intel
	Proposal 1-1: Support Alt2: We think Alt-2 can be supported with almost no specification impact because it is very similar to codebook generation for separate HARQ-ACK feedback. Also, slot-by-slot scheduling coordination that is required for Alt-1 is a burden at the network side even with ideal-backhaul. We agree that Alt-1 could be more robust in some cases as DOCOMO, QC indicate (when multiple TRPs are scheduled in the last DCI slot and one of them fails), so in the end it’s a trade-off between performance optimization and spec. impact.

Proposal 1-2: Support Alt2 because codebook generation is similar to separate HARQ-ACK case and additional specification impact is minimal.

	CATT
	For proposal 1-1, we have similar question as raised by Spreadtrum. We think the original description to Alt. 2 in R1-1909201 is more suitable. That is, separate DAI means the counter DAI and total DAI in each PDCCH scheduling PDSCHs for different TRPs/panels are counted separately. 
As joint feedback is expected to be used mainly for ideal backhaul case, both joint and separate DAI indications are feasible. So, they’re all acceptable to us.
For both proposals 1-1 and 1-2, the orders of A/N bit depend on the higher-layer configured index per CORESET. One question is then, what if the indices are of the same value, or even not configured? 

	ZTE
	CA based structure (not aligned with a lot of previous agreements) may work but causes too much RRC overhead. All parameters should be extended twice for two TRPs even most of them can be shared. So we don’t think we should discuss CA based structure at this late stage. 
Proposal1-1: Support Alt.2. We prefer the same way for both dynamic and semi-static codebook. Please noted that Alt1 requires very tight coordination among TRPs to align DAIs. 
Proposal1-2: Support Alt.2. 

	Lenovo/Motorola Mobility
	Proposal 1-1: support Alt.2.
Proposal 1-2: support Alt.2

	Ericsson
	Regarding comment from ZTE, we don’t think the Rel-15 CA framework will result in too much overhead. The only difference between Rel-15 CA framework and the ‘new framework’ being discussed in these proposals is the following:  In the CA framework, two parameters (for example, two PDSCH scrambling IDs) are present in two different PDSCH configs belonging to different serving cell while in the ‘new framework’, the two parameters are configured inside one PDSCH config.  So overhead-wise there is not much difference.  But the ‘new framework’ will have higher specification impact.  We can leave the decision on choosing the most suitable network architecture for multi-PDCCH based multi-TRP to RAN2.
We can be supportive of Alt 1 for Proposal 1-1 under the condition that this proposal only applies when index per CORESET is needed and configured. If not configured, the CA framework and already specified behaviour is used.  One question for clarification in proposal 1-1 is that are we assuming the index per CORESET is used to identify the two TRPs?
For Proposal 1-2, we can be supportive of Alt 2 under the condition that this proposal only applies when index per CORESET is needed and configured. If not configured, the CA framework and already specified behaviour is used.  

	MTK
	For proposal 1-1, Alt.1 is preferred.
For proposal 1-2, Alt.2 is preferred.
Regarding CATT’s question, it should be error case and it’s up to UE to determine the order. 

	vivo
	We share similar understanding as E/// and QC that CA framework and principle could be reused. 

	Apple
	Proposal 1-1: support Alt 2
Proposal 1-2: support Alt 2

	Nokia 
	Proposal 1-1: Prefer Alt. 2.  Hard to see any added benefit of Alt. 1 compared to Alt. 2. Channel conditions of two TRPs may not be the same and one TRP may have much higher DCI miss detection compared to the other, and counting joint DAI across TRPs could create more ambiguity at the TRPs. 
Proposal 1-2: Alt. 2. 
Even though some companies see that selecting CA framework will solve open issues, we prefer sticking to the agreements we made in multi-TRP without going back of reverting agreements. 




To identify whether joint or separate HARQ-ACK codebook is applied, QC, ZTE, OPPO, CATT, LG, DOCOMO, Spreadtrum, Apple prefer to introduce a new RRC signaling. Lenovo prefers that the UE shall use separated A/N feedback if indices for the CORESETs corresponding to different TRPs have different value, vice versa. Other companies, Vivo, OPPO, Samsung, prefer that UE shall identify joint feedback through indicated PUCCH resources. 
Up to our understanding, we have the following proposal for further discussion, starting from the FFS points in RAN1 email discussion of “97-NR-08”:
[Draft offline proposal 2]:   In order to switch between joint and separated ACK/NACK feedback within a slot, down-select one from following options:
· Alt 1: a new RRC signaling is to switch between joint feedback and separate feedback	Comment by Huawei: (13) QC, ZTE, OPPO, CATT, LG, DOCOMO, Spreadtrum, Apple, Ericsson, panasonic, Intel, MTK, Nokia
· Alt 2: 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	Comment by Huawei: (1) Lenovo
· Alt 3: 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)	Comment by Huawei: (5) Vivo, OPPO, Samsung, Panasonic, HW

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

	Ericsson 
	None of the alternative proposals are needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms in place, i.e. by using Rel.15 carrier configuration and activation/deactivation mechanisms and associated configuration of PUCCH resource per serving cell.  Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET.

	Samsung
	Alt3 seems to be the best option since it can eliminate the additional workload to design a new multiplexing/dropping rule for overlapping PUCCHs (HARQ-ACK and other UCIs) in separate feedback mode, which is inevitable for Alt1 and Alt2.

	LGE
	Support Alt 1. 
Alt 2 is not an available option, if the index is used for other purposes as well, such as PDSCH scrambling ID determination, rate matching, and PUCCH group determination. 
In case of Alt 4 based on indicated PUCCH resources, there is ambiguity when last DCI is missed. For example, if gNB configures overlapped PUCCH resources for TRP 1 and TRP 2 but last DCI of TRP 2 is missed at UE, then UE will report A/N using separate codebook, which is different from the UE behavior that gNB intended.

	DOCOMO
	We think joint ACK/NACK feedback is mainly used for ideal backhaul and is not applicable for non-ideal backhaul. Depending on the deployment scenario, joint ACK/NACK or separate ACK/NACK can be configured by RRC. So Alt.1 is preferred. In this case, for non-ideal backhaul, it is not feasible to switch from separate ACK/NACK to joint ACK/NACK by Alt.3. 

	OPPO
	Alt.1 gives gNB more flexibility on PUCCH resource allocation since PUCCH resources for different TRPs are not mandatory to be TDMed.

	Panasonic
	Fine with either of Alt 1 or Alt 3

	QC
	Support Alt 1. We agree with most companies that motivation for Alt 3 (Alt4 in the agreement) is not clear.

	Intel
	Alt-1: keeping it simple and less specification/UE behavior impact.

	CATT
	The selection between joint and separated feedback should be determined based on the capacity of backhaul, rather than the resource allocation of PUCCH. So, the most straightforward way is Alt. 1.
For Alt. 2, we share the same view with LGE.

	ZTE
	Alt-1 for simplicity

	Lenovo/Motorola Mobility
	Support Alt.2. We see no complexity issue with Alt 2, since the higher layer signalling indices of the CORESETs are statically configured.  

	Ericsson
	As we state above, we don’t this is an issue of the Rel-15 CA framework is reused.  We can be supportive of Alt 1 under the condition that this proposal only applies when index per CORESET is needed and configured. If not configured, the CA framework and already specified behaviour is used.

	MTK
	Support Alt 1.

	vivo
	Support Alt. 3. The benefits include allowing network PUCCH scheduling flexibility to achieve better feedback performance.

	Apple
	Support Alt1 with a UE capability signalling

	Nokia 
	Alt.1



For the determination of last DCI, ZTE, Vivo, LG, DOCOMO, Intel, HW have proposed similar way taking difference of order of higher layer indexes, serving cell indexes, and PDCCH monitoring occasions. The last DCI is used for determination of PUCCH which may carry the joint HARQ-ACK codebook. There is no major difference among proponents. In Rel-15, as a reference, we have “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:
[Draft offline proposal 3]:   For joint HARQ-ACK codebook among M-TRP, down-select one from following options for the last DCI determining the PUCCH resource:  
· 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.	Comment by Huawei: (9) Spreadtrum, DOCOMO, OPPO, Qualcomm, Intel, ZTE, Ericsson, Vivo, Nokia
· 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.	Comment by Huawei: (1) Lenovo

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

	Ericsson
	None of the alternative proposals are needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms in place, i.e. the bits are ordered in increasing serving cell number in Rel.15.  Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET.

	Samsung
	Revisit this issue after finalizing TDM mechanism for PUCCH resources.

	Spreadtrum
	For joint HARQ-ACK type-2 codebook, it is natural to apply DAI across TRPs. It benefits to identify the miss detection of the last DCI of TRP/panel domain. Thus, we prefer Alt1.

	DOCOMO
	Alt.1 is preferred since the last DCI in Alt.2 may not be the last one in time domain, that implies that the gNB need to predict the later PDSCH scheduling indifferent TRPs which is not desired.

	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
	Similar view as Ericsson

	QC
	Support Alt1. PDCCH monitoring occasion has to be the last one in the order (i.e. last DCI cannot belong to an earlier PDCCH monitoring occasion), otherwise changing PRI later in time is not possible if second TRP does not transmit a DCI in the last PDCCH monitoring occasions (and only the first TRP transmits DCI in the last PDCCH monitoring occasion). 

	Intel
	Alt-1, agree that PDCCH monitoring timeline should be the last parameter to be considered

	CATT
	Similar comment as to proposal 1: what if the higher-layer index per CORESET is not configured or the same value is used for both indices?

	ZTE
	Alt.1, the last DCI should be in the last occasion. Otherwise, gNB must prepare PUCCH resource in very early time. 

	Lenovo/Motorola Mobility
	Support Alt.2. This makes the HARQ-ACK from different TRPs concatenated in the order of the higher layer signalling index. 

	Ericsson
	As we state above, we don’t this is an issue of the Rel-15 CA framework is reused.  We can be supportive of Alt 1 under the condition that this proposal only applies when index per CORESET is needed and configured.  If not configured, the CA framework and already specified behaviour is used.

	vivo
	Support Alt. 1, which is more aligned with CA framework.
If Alt. 2 is applied, the last DCI would not be the real last DCI in time domain. In addition, it changes too much on the Rel-15 last DCI determination approach.

	Nokia
	Support Alt.1



Companies proposed different views on PUCCH resource configuration. Qc, ZTE, LG, CMCC, China Telecom would like an explicit configuration of PUCCH resource grouping associated with TRP, e,g, through a higher layer index. QC suggested that it’s more flexible to indicate separate PUCCH resources for each TRP to fully exploit that 3 bits in DCI. Other companies, vivo, OPPO, Nokia, Panasonic, prefer a more transparent approach by gNB implementation.
To enhance HARQ-ACK feedback performance, two solutions for PUCCH configurations are further proposed. Intel and HW suggested two long PUCCH formats in one slot and Nokia and DOCOMO prefer not to restrict the same or different PUCCH formats in one slot. Moreover, Vivo, ZTE, Lenovo proposed to support independent closed-loop power control of PUCCHs transmitted to two TRPs which better adapts to different links. 
The issues have been widely discussed by email before RAN1 97 in “[RAN1 97][NR-MIMO] PUCCH Resource Configuration for M-TRP”.  Therefore we have the following proposal, which is same with Proposal 5 in the FL summary of RAN1 97:
[Draft offline proposal 4-1]: with regarding to PUCCH resource group for M-DCI NCJT transmission, down-select one of following options:
· Option 1:Support configuring explicit PUCCH resource grouping over resource or resource sets	Comment by Huawei: [9] LGE, Qualcomm, Intel, CATT, ZTE, Apple, Lenovo, CMCC, China Telecom
· Option 2: Support implicit PUCCH resource grouping up to NW implementation whereas PUCCH may or may not be overlapped 	Comment by Huawei: [5] Samsung, DOCOMO, Panasonic, Ericsson, Nokia
· PUCCH resource groups are not needed
· FFS: whether/how further PC is enhanced for M-DCI NCJT, e.g. TPC command or close loop indexes are associated with different CORESET groups or use power control schemes defined in Rel-15 by removing some restrictions.	Comment by Huawei: Vivo, ZTE, Lenovo
· FFS: whether/how to restrict/drop/multiplex ACK/NACK by NW implementation and/or spec enhancement, if a UE is indicated with overlapping PUCCH resources in a given slot (or sub-slots) 	Comment by Huawei: To be discussed further in proposal 5 below
[Draft offline proposal 4-2]: For multi-DCI based multi-TRP transmission with separate ACK/NACK feedback within a slot
· Support same and different PUCCH formats 	Comment by Huawei: Nokia, DOCOMO, CATT
· Support UE transmitting two PUCCHs using formats 1 or 3 or 4	Comment by Huawei: Intel, HW

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

	Ericsson
	None of the proposals are needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms in place and can be reused. If CA framework is reused, different TRPs which are configured via different serving cell objects will have their own PUCCH-Configs.  Hence, this PUCCH grouping is already implicitly available if CA framework is re-used.  Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for introducing explicit PUCCH groups.

	Samsung
	[Proposal 4-1] -> Option 2. 
We 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 can achieve better time resource utilization, and also eliminates efforts needed in designing detailed structures and signalling to implement explicit grouping which seems challenging to finish in the only 3 remaining meetings.
[Proposal 4-2] 
Revisit this issue after finalizing TDM mechanism for PUCCH resources.
Not support TDM transmission of two long PUCCHs. This proposal induces change in overall PUCCH framework, and the side-effects to other agendas need to be taken into account carefully.

	LGE
	For proposal 4-1, support option 1. It keeps the same level of PUCCH resource allocation flexibility per TRP as Rel-15.
In addition, it simplifies UCI multiplexing in multiple TRP scenario. PUCCH group can be introduced not only for A/N but also for PUCCH resources of SR and CSI. If PUCCH resources for SR/CSI and PUCCH resources for A/N are in the same PUCCH group, same multiplexing rule is applied as Rel-15 for the overlapped PUCCHs. Otherwise, only one UCI is reported without multiplexing for the overlapped PUCCHs.
Also, PUCCH group can be used for simultaneous UE Tx beam update per TRP.
Support proposal 4-2 for flexibility and coverage.

	DOCOMO
	For proposal 4-1, what does the PUCCH resource group refer to? PUCH resource group for HARQ-ACK feedback? If so, option 2 is supported, we think implicit PUCCH resource group is sufficient.

	OPPO
	For a group common TPC transmitted from one CORESET with index i, it should be applied to the PUCCH associated with the CORESET(s) with the same index. That is, DCI format 2-2 should be TRP-specific. Other enhancement to power control, e.g. associating close loop index with CORESET group index, can be left to gNB implementation.

	Panasonic
	P 4-1: Support with option 2
P 4-2: Support

	QC
	Proposal 4-1: Support option 1. We agree with LGE. PUCCH resource group has two benefits: First, more possibilities for PRI indication for each TRP w/o the need to increase bitwidth of PRI and even w/o the need to necessarily increase the total number of PUCCH resources (128). Second, PUCCH resource group can be used to determine if different UCIs (HARQ-Ack, CSI, etc.) belong to the same TRP or not, which is related to Proposal 5 below. 

	Intel
	Proposal 4-1: Support option 1 – we think it does provide some scheduling benefit due to full utilization of PRI bits and makes the design re-usable for FR2 where spatial relation update can be possible in terms of PUCCH groups

	CATT
	We support option 1 for proposal 4-1.

	ZTE
	Proposal 4-1: Support option 1 for more flexibility especially for FR2. Otherwise, two TRPs should share maximum 8 beams.

	Lenovo/Motorola Mobility
	Proposal 4-1: Support Option 1.
TRP independent power control should be supported.  
Proposal 4-2: Support.
Mixing of different PUCCH formats, including mixing two long PUCCH, in a slot can enhance reliability and should be allowed.

	Ericsson
	As we state above, we don’t this is an issue of the Rel-15 CA framework is reused.  We can be supportive of option 2 for proposal 4-1 as it seem to be aligned with the same solution as in the CA framework.  Note that if higher layer index per CORESET is not configured, the CA framework and already specified behaviour is used.
For similar reasons, we can be supportive of ‘Support same and different PUCCH formats’ for proposal 4-2. 

	vivo
	We are fine with E///’s way. It may still be worth discussion on how to restrict number of PUCCH resources a UE can transmit within a slot for format 1/3/4 even with the CA framework.

	Apple
	Proposal 4-1: support option 1. We fail to see the necessity to enhance power control.

	Nokia
	Proposal 4-2: support option 2. 
We do not think FFS bullets are needed in this stage.
Proposal 4-2 looks fine. 

	CATT
	For proposal 4-2, support same and different PUCCH formats, only if PUCCH resources are not overlapped in separated feedback.




For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, there are several issues related to PUCCH resources identified and agreed in RAN1#96 for further study, and shown as following:  
· 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.  
There were also about some email discussion before RAN1 97 in “[RAN1 97][NR-MIMO] PUCCH Resource Configuration for M-TRP” showing some interests to specify related design. 
Based on the tdoc review for RAN1 98, companies have provided different opinions and consideration for above cases. QC thinks there’s no need to define further rule but restrict gNB indication mechanism to avoid complex UE behavior. For the case of overlapped PUCCHs carrying HARQ-ACK, companies, OPPO, Panasonic, have provided different solutions, e.g. dropping or multiplexing rules, etc. For the case of overlapped PUCCHs carrying HARQ-ACK and CSI, e.g. when one PUCCH conveying HARQ-ACK while another PUCCH conveying CSI only, Vivo, Lenovo, OPPO, Nokia, LG, and Spreadtrum have proposed similar solution so that multiplexing between HARQ-ACK and CSI is restricted within one TRP and further dropping rule can be defined according to reporting contents among TRPs. There are also diverse view for the case of overlapped PUCCH and PUSCH and discussed by a few companies like OPPO, LG, Intel, Spreadtrum, and HW.
Therefore, it seems that there is a common view about “FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs”. We have following proposal: 
[Draft offline proposal 5]:   For multi-PDCCH based multi-TRP/panel transmission, if PUCCH resource conveying ACK/NACK and another PUCCH resource conveying CSI are overlapped at OFDM symbol,
· Alt1: 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.	Comment by Huawei: [5] QC, Intel, Ericsson, MTK, Apple, 

· Alt2: the UE can multiplex HARQ-ACK and CSI for UCI transmissions only if the higher layer index of the overlapping PUCCH resources have same values. Otherwise the UE shall drop the CSI report 	Comment by Huawei:  [5] LGE, Spreadtrum, OPPO, Panasonic, Lenovo, 

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

	Ericsson
	None of the alternative proposals are needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms in place. Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET.

	Samsung
	Focus on finalizing HARQ-ACK transmission first.

	LGE
	Support Alt 2 in principle but need FFS for details on higher layer index of PUCCH resource. Alt 1 may cause scheduling restriction for A/N PUCCH resources in order to avoid A/N and CSI overlapping from different TRPs.

	Spreadtrum
	If both PUCCH resources carrying ACK/NACK and PUCCH resources carrying CSI for different TRPs should be configured to be TDMed, it may result in limited NW flexibility, and the overhead would be largely increased. Thus, we prefer Alt.2.

	OPPO
	This issue is associated with proposal 2 above, and similar method can be applied. If Alt.3 is adopted in proposal 2, the same mechanism can be applied to multiplexing of A/N and CSI, e.g. joint feedback if the resource is overlapped. If Alt.1 is adopted in proposal 2, the same RRC signalling can be reused to indicate whether joint feedback of A/N and CSI from different TRPs can be supported similar to Rel-15.

	Panasonic
	Support Alt 2

	QC
	Support Alt1. Regarding Alt2, whether to support dropping rule or not should not be simplified to only HARQ-Ack from one TRP and CSI from another TRP. The PUCCH carrying CSI may also have HARQ-Ack (due to Rel. 15 UCI multiplexing rules), or may have SR. We think considering all collision possibilities (PUCCH with different payload types / combinations as well as PUSCH with or w/o UCI(s)), priority rules would further complicate Rel. 15 UCI multiplexing rules. This should be avoided by the network. 

	Intel
	Alt-1 mainly due to lack of time, we do sympathize with folks supporting Alt-2 but the detailed design for Alt-2 can be quite elaborate – considering also periodically configured CSI report collision for example. 

	ZTE
	Alt.1 for simplicity. 

	Lenovo/Motorola Mobility
	Support Alt2, because Alt1 limits the gNB’s scheduling flexibility.

	Ericsson
	As we state above, we don’t this is an issue of the Rel-15 CA framework is reused.  We can be supportive of Alt 1 under the condition that this proposal only applies when index per CORESET is needed and configured.  If not configured, the CA framework and already specified behaviour is used.

	MTK
	Support Alt 1; complicated dropping/multiplexing rules should be avoided in M-TRP. 

	vivo
	UE may not expect one configured CSI/SR PUCCH resources to be overlapped with two ACK/NACK resources targeting different TRPs.

	Apple
	Support Alt1

	Nokia
	We do not think that the higher layer index for PUCCH resources should be always configured. We could have TDMed PUCCH transmission without this index for multi-TRP. We could come back to these dropping rules later if required. 

	CATT
	Alt. 2 is preferred.




In last meeting, the maximum number of CORESETs per “PDCCH-config” has been agreed to increase to 5. Vivo, OPPO, Panasonic, DOCOMO, QC have proposed to further restrict the number of CORESETs to be applied to single TRP, e.g. 3 as Rel-15 limit. 
Also proponent companies, QC, Samsung, HW, MTK, and OPPO have provided some analysis on the # of BD/CCE for multi-PDCCH based multi-TRP transmission. OPPO, QC have proposed to reuse R15 limit for single cell as the limit of single TRP for multi-TRP transmission. Especially, the # of BD/CCE distribution principle proposed by QC, MTK suggest that the total capability is distributed among serving cells with the same numerology. QC also suggest that similar rule can be reused to determine the upper limit of BD/CCE for one serving cell with multi-PDCCH so that such cell will be counted r times where factor r is up to UE capability reporting. Meanwhile, Samsung, MTK, HW, may consider factor r to be fixed value, e.g. 2, so that a DL cell configured with multi-DCI based NC-JT will be considered as two DL cells when calculating the maximum numbers of PDCCH candidates and non-overlapped CCEs.
Therefore we have the following proposal for further discussion, 
[Draft offline proposal 6-1]:   For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs that can be configured with the same higher layer index per “PDCCH-config” is up to UE capability, including at least a candidate value of 3. 	Comment by Huawei: Yes(10): Intel, ZTE, Vivo, OPPO, Panasonic, DOCOMO, QC, Lenovo, apple, Nokia
No(2): LGE, Ericsson
[Draft offline proposal 6-2]:   For the UE supporting multi-DCI based multi-TRP transmission, 
· For CORESETs with the same higher layer signaling index per serving cell, the maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot for a DL BWP is no greater thanthe same with t the Rel.15 limit.  
· The maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot for a DL BWP for a serving cell is increased as r times Rel.15 limit. Down-select one from following options: 
· Alt 1: r=2 without UE capability 	Comment by Huawei: QC, ZTE, Samsung, MTK, OPPO, Ericsson, Lenovo
· Alt 2: 1<=r<=2 reported by UE capability	Comment by Huawei: Qc, Panasonic, ZTE, lenovo

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

	Ericsson
	None of the proposals are needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms and UE capabilities and BD/CCE restrictions in place, Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET.

	Samsung
	[Proposal 6-2] We don’t understand FL proposal Alt 1 exactly. Does it mean “r=1 or 2 per UE capability”?

	LGE
	For proposal 6-1, it is not clear to us why maximum number of CORESETs per TRP is needed.

	DOCOMO
	Support proposal 6-1.

	OPPO
	The motivation to increase the number of CORESET for single TRP case is unclear. Three CORESETs are sufficient for single TRP.

	Panasonic
	P 6-1: Support
P 6-2: Support with Alt 2

	QC
	Proposal 6-1: Support. There is no need to increase the number of CORESETs for a given TRP. This proposal is needed from UE implementation point of view. Furthermore, the compromise from the previous meeting was that rather than fixing the max number of CORESETs per TRP to 3, it can be UE capability. Therefore, this can allow for other possible UE implementations as well.  

Proposal 6-2: Support. We are fine with both Alt1 and Alt2.

	Intel
	Support 6-1 with slight wording change: “For multi-PDCCH based multi-TRP operation”  “For a UE supporting multi-DCI based multi-TRP transmission”

	ZTE
	Support both proposals

	Lenovo
	Support 6-1. Support 6-2 with either Alternative.

	Ericsson
	As we state above, we don’t this is an issue of the Rel-15 CA framework is reused.  We have the following preferences under some conditions:
· For proposal 6-1, we prefer not to introduce a UE capability here.  So we are not supportive of Proposal 6-1.
· For the same reason, for proposal 6-2, we prefer Alt 1 slightly.


	MTK
	6-1: Does the proposal mean that the max value is 3? What is the value range for capability reporting?
6-2: For the first bullet defining limit per TRP, suggest to revise it to ‘is the same with no greater than the Rel.15 limit; it seems too early to decide if the max value per TRP is ‘the same’ as the one in Rel-15. For the second bullet, we would like to add Alt 3: r is higher layer configured; this parameter may have impact on NW’s PDCCH capacity. In principle, we support to follow Rel-15 limit for the total number of BD/CCEs across CCs, and we suggest to agree on this first. 

	vivo
	Indeed, CA-like restrictions for PDCCH BD/CCE could be applied for M-TRP case.

	Apple
	Proposal 6-1: Support in principle, and we think the candidate value should at least include {2, 3}
Proposal 6-2: We fail to see the necessity to increase maximum number of monitored PDCCH candidate and non-overlapped CCEs per slot.

	Nokia
	Proposal 6-1 is fine as it is. The proposal allows other candidate values, and we assume this also allow 5  CORESETs per TRP. 
Proposal 6-2: fine with us.   



Proponent companies, e.g. China Telecom, Spreadtrum, DOCOMO and HW, have proposed to enhance HARQ process management, i.e. to increase the number of HARQ processes to 32. It seems that ZTE prefers to group HARQ processes per TRP. 
Therefore we have following proposals, which is the same with Proposal 6 in the FL summary of RAN1#97 as a starting point for further discussion:  
[Draft offline proposal 7]:  For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, support to increase the maximal number of HARQ processes to 32, 	Comment by Huawei: Yes (6): Spreadtrum, DOCOMO, ZTE, Lenovo, vivo, HW
No (6) : Ericsson, Samsung, QC, Intel, Apple, Nokia
· FFS further details of how to increase explicitly or implicitly and associated number of HARQ entities 
· Note that the support is subject to UE capability design
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Ericsson
	The proposal is not needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have a limit on the number of HARQ process per HARQ entity. The number shall remain at maximum 16 per serving cell. Hence, this discussion is obsolete in case of CA framework is adopted.

	Samsung
	For now up to 16 HARQ processes have been enough in our evaluations. 
Need more motivation to support main bullet.

	Spreadtrum
	Support the proposal.
For multiple PDCCH based multi-TRP transmission in Rel-16, if the maximum number of HARQ processes for a UE in a single serving cell remains the same, there will be some problems:
· Different from the current DCI format in Rel-15, which contains 4 bits to indicate the HARQ process ID, only 8 HARQ processes are needed for each link.
· Different from the UE maximum soft buffer in Rel-15, the UE maximum soft buffer size for multi-TRP transmission per cell when multiple TRP configured in the same CC is:

Based on the analysis, nearly half of the UE soft buffer would be unoccupied, resulting in unnecessary waste. In order to maintain consistency with the maximum buffer size of the UE in Rel-15, a UE maximum number of HARQ processes should be 32 for NC-JT.

	DOCOMO
	Support.

	QC
	We think this is not necessary at this point given that no conclusion was reached on the same proposal last time.

	Intel
	Not support. We think this is a major change to UE behaviour and should be strongly motivated.

	ZTE
	Support. 

	Lenovo/MM
	We support to increase the number of HARQ processes to 32 at the UE side. The number of HARQ processes remains 16 at the TRP side. 

	Ericsson
	As we state above, we don’t this is an issue of the Rel-15 CA framework is reused.  Hence, we have the same preference as Qualcomm, Intel and Samsung, which is not to increase the number of HARQ processes beyond 16.  

	vivo
	Support

	Apple
	The benefit for this proposal is unclear. 

	N
	Not support. 



It has been agreed to have multiple dataScramblingIdentityPDSCH configurations. Several companies, e.g. ZTE, Vivo, OPPO, Qc, CATT, LG, Lenovo, China Telecom, HW, Apple, have provided similar design of how to associate dataScramblingIdentityPDSCH with TRPs, that each dataScramblingIdentityPDSCH is associated with the higher layer index per CORESET, similar with CORESET group index in our understanding. Moreover, Ericsson has proposed to use a CA based framework to configure multi-PDCCH based multi-TRP transmission and prefered that dataScramblingIdentityPDSCHs can be contained in two serving cells and  identified through ServCellIndex. Nokia has suggested to consider more flexible mechanism for more dataScramblingIdentityPDSCH configurations. 
Therefore we have the following proposal for further discussion:
[Draft offline proposal 8]:  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 as a part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.	Comment by Huawei: (13) ZTE, Samsung, Spreadtrum, Intel, Vivo, OPPO, QC, CATT, LG, Lenovo, China Telecom, HW, Apple, Nokia
· Note that how to introduce such higher layer index can be up to RAN2, e.g. reusing the ServCellIndex

[Updated proposal 8]: 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) as a part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.

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

	Ericsson
	The proposal is not when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms to configure independent scrambling per serving cell, Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET.

	Samsung
	Support

	LGE
	Support but we would like to remove Note.

	Spreadtrum
	Support the proposal

	OPPO
	Support the proposal but the wording may lead to misunderstanding that additional index is configured via RRC except the agreed index.  Furthermore, the note is unnecessary since how to configure the index is another issue. Hope the following wording is acceptable to companies:
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 as a part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.
· Note that how to introduce such higher layer index can be up to RAN2, e.g. reusing the ServCellIndex

	QC
	Support. Also fine with OPPO’s version as the details of RRC signalling can be decided by RAN2.

	Intel
	Support. Also agree it is better to remove the note with a design suggestion to RAN2 

	CATT
	We support this proposal. 

	ZTE
	Support. We prefer the original wording without the note. Since we should let RAN2 know the higher layer index is what we agreed.

	Lenovo/MM
	Support the proposal.

	Ericsson
	Regarding the Comment from ZTE ‘..we should let RAN2 know the higher layer index is what we agreed.’, it should be noted that when we made the agreement we also had the note ‘Note that the index may not be configured for scenarios if there is no ambiguity of codebook generation at the UE’.  So, if there is no ambiguity (as when CA framework is re-used), this index per CORESET is not needed.  Hence, the complete agreement, including the disclaimer on ambiguity, can be sent to RAN2 in an LS, if needed.

Note that reusing Rel-15 CA framework is our first preference and we shall add aone additional note that this is automatically achieved if the CA framework is reused for multi-TRP.. 

	Nokia
	Support . 



For the deployment of NR-LTE coexistence scenario, enhancement of NR rate matching has been agreed to support multiple CRS patterns in one serving cell. Vivo, Samsung, Ericsson, DOCOMO may prefer that the UE would rate match around all CRS patterns configured in a serving cell without TRP differentiation. QC and OPPO prefer that a configured CRS patterns is associated with a higher-layer index as part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher-layer index. In addition, HW have proposed a similar way but the association is configured between CRS pattern and CORESET indices. ZTE has considered the additional pattern could be UE specific and applied to one CORESET group. Nokia has proposed different rate matching behavior for single-PDCCH and multi-PDCCH whilst a unified UE behavior is more popular among proponent companies, e.g. Samsung, CATT, Apple, etc, with regarding to this matter. 
Therefore we have the following proposal for further discussion:
[Draft offline proposal 9]:  At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Alt1: configured CRS patterns for all PDSCHs within a serving cell	Comment by Huawei: (5) Samsung, Ericsson, LGE, Apple, Panasonic
· Alt2: configured CRS patterns which is associated with a higher-layer index as part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher-layer index.	Comment by Huawei: (7) Qc, OPPO, DOCOMO, CATT, ZTE, Lenovo, HW
· Alt 3: configured CRS pattern(s) which is associated with a CORESET index for a PDSCH scheduled by that PDCCH/CORESET	Comment by Huawei: HW
[Updated proposal 9]:  At least for multi-DCI based multi-TRP/panel transmission, the UE shall rate match around: 
· Alt1: configured CRS patterns for all PDSCHs within the same CC	Comment by Huawei: (5) Samsung, Ericsson, LGE, Apple, Panasonic
· Alt2: configured CRS patterns which are associated with a higher layer signalling index per CORESET (if configured) as a part of RRC configuration and  applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher layer index.	Comment by Huawei: (8) Qc, OPPO, DOCOMO, CATT, ZTE, Lenovo, HW, Nokia

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

	Ericsson
	None of the proposals are needed when the CA framework is re-used for mTRP as proposed in R1-1909465 since CA already have all the mechanisms which can be reused, where the rate matching is performed around the CRS per serving cell Hence, this discussion is obsolete in case of CA framework is adopted, as there is no ambiguity and hence no need for configuring a higher layer index per CORESET.

	Samsung
	Support Alt1 to maintain the Rel-15 structure as much as possible, in which lte-CRS-ToMatchAround is configured in a ServingCellConfig.

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

	DOCOMO
	For multiple DCI, support Alt.2 since Alt.2 is better than Alt.1 considering the overhead.

	OPPO
	Similar to comment in proposal 8, the wording for Alt.2 should be modified to:

Each configured CRS pattern is associated with a higher-layer index and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the higher-layer index.

	Panasonic
	Support Alt 1

	QC
	Support Alt2. For dynamic rate matching, it needs to be applied to the corresponding PDSCH anyway. A Unified approach for multi-DCI is to apply the rate matching resources independently.  

	Intel
	We think it is better to consider both single-DCI and multi-DCI case for CRS rate-matching and align the solutions as much as possible.

	CATT
	From our understanding, each CORESET is associated with configured CRS pattern(s) for both Alt. 2 and 3. In such sense, they are equivalent. So, both of them are acceptable to us.

	ZTE
	Support Alt.2.  
It should be noted that the current CRS pattern in Rel-15 is cell specific configured. Then we should let RAN2 know whether the possible agreed CRS patterns are UE specific.

	Lenovo/Motorola Mobility
	Support Alt 2. 

	Ericsson
	Our first preference is to reuse the Rel-15 CA framework.  We can be ok with Alt 1 as this is identical to the solution when the CA framework is adopted.  

	Apple
	Support Alt1

	Nokia
	We think that multi-TRP and DSS CRS rate matching procedure should be aligned. 
Alt.1 seems going to an extreme level of rate matching and not required. 
Also Alt.2 and Alt.3 are associating rate matching patterns with CORESET. Each TRP may have multiple CRS patterns coming from DSS requirements and may require PDSCH to rate match around all patterns. So, there will be patterns coming from DSS and M-TRP use cases. RAN2 may associate properly patterns for a given TRP or/and DSS, and nothing that we need to agree here. We could define the procedure of rate matching and number of patterns required considering multi TRPs support.   



2.2. Single-PDCCH based multi-TRP/Panel DL transmission
For the TCI indication, 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. There is a FFS for DMRS type 2. Another issue is that how to map TCI states to CDM group(s). Based on current review, 9 companies, e.g., VIVO, ZTE, OPPO, Intel, LGE, China Telecom, Ericsson, NEC, Huawei, have proposed a fixed mapping rule between TCI states and CDM groups. Besides, 4 companies, e.g., OPPO, VIVO, Ericsson, Huawei, suggest that DPS can be supported by mapping one of the TCI states into DMRS ports when one DMRS CDM group is indicated in antenna port field.
In general, proposals can be mainly classified according to number of CDM groups of indicated DMRS ports. Therefore, we have the following proposal for further discussion/down-selection:
[bookmark: OLE_LINK14][bookmark: OLE_LINK13][Draft Offline proposal 10] 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,
· 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. 	Comment by Huawei: E///, LGE, OPPO, Panasonic, MTK, Nokia
· Alt 2: the first TCI state is applied to indicated DMRS ports.
· Alt 3: UE can ignore the DCI	Comment by Huawei: QC, ZTE, Apple
· If indicated DMRS ports are from two CDM groups,
· 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). 	Comment by Huawei: Ericsson, SS, LGE, Panasonic, MTK, Apple, HW, Nokia, Oppo
· Notes: the first indicated CDM group may be fixed to CDM group 0 depending on further DMRS port design. How to capture the agreement can be up to editor.  
· Alt 2: predefine the mapping rule for each individual entry in the DMRS table and include more entries corresponding to different mapping rules. 	Comment by Huawei: QC, ZTE,CATT
· If indicated DMRS ports are from three CDM groups,
· 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). 	Comment by Huawei: LGE, Panasonic, Nokia
· Alt 2: UE can ignore the DCI	Comment by Huawei: E///, QC, MTK, Apple

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

	Ericsson
	Alt. (1,1,2) respectively

	Samsung
	For the first and third bullet, we need to wait until RAN2 design on NC-JT TCI state is finalized. In current stage, it is unclear that whether the number of activated TCI states can be varied or not for Rel-16 UEs. The decision of the first and third bullet needs to be dependent on that.
For the second bullet, support Alt 1.

	LGE
	We support Alt. (1,1,1) respectively.
Regarding the first issue, i.e., single CDM group, we prefer Alt. 1. We agreed 1+2 layer combination in order to support different layer combinations having the same number of total transmission layers. The advantage of this proposal is saving code-point mapped to two TCI states. For example, code-point for TCI state {B and A} can be used for another combination of TCI states, e.g., {C and D}, if there is code-point for {A and B}. Considering this advantage, Alt. 1 is more suitable than Alt. 2 because two different combinations of TCI states, i.e., {A and B}, {B}, should be defined to apply different TCI state if Alt. 2 is assumed. 

	OPPO
	Alt.1 for single CDM group provides more flexibility to support dynamic switching between DPS and NC-JT.

	Panasonic
	Support Alt 1 for each one of them.

	QC
	First bullet: When 2 TCI states are indicated, why should DMRS ports belong to one CDM group for the case of SDM? In this case, it implies FDM or TDM. Note that dynamic switching between DPS and NCJT can be already achieved given that TCI fields in the DCI can point to either one TCI state or two TCI states. Furthermore, if DPS is limited to one CDM group, how to support more than rank 2 for single front-loaded DMRS?

Second bullet: We support Alt 2. Given that we only need a few entries (e.g. 4 entries) for SDM, we do not need to have a general rule for mapping. It can be defined for each entry. For rank 1+2, we think DMRS port {2;0,1} should be reused (reverse order of 0-2). Alt 1 cannot achieve that. Alt 2 is more suitable for this purpose.

Third bullet: Support Alt2. Use case for 3 CDM groups for SDM is not clear.

	CATT
	If indicated DMRS ports are from single CDM group, the third alternative should be included.
Alt. 3: on each set of transmission occasions or frequency-domain resources, one of the TCI states is applied. 
With Alt. 3, TDM and FDM-based URLLC enhancements can be achieved.
Regarding Alt. 1 for single CDM group case, we have the following comments:
1. DPS can be supported at least with the following approaches:
a) Indicate the TCI codepoint with single TCI state
b) In case two TCI states are indicated, always use the first TCI state, if only one set of transmission occasions/FD-RA is indicated
2. According to current DMRS allocation mechanism, if a DMRS port within CDM group 1, it implies that CDM group 0 is not used for data transmission. Therefore, extral overhead is induced with Alt. 1. 

	ZTE
	First bullet: No need. Agree with QC. When two TCI states are indicated, what’s the benefit to indicate one CDM group. We already agreed two TCI correspond to different CDM groups.

Second bullet: Agree with QC. {2;0,1} should be reused for simplicity.

	MTK
	Alt. (1,1,2) respectively

	Apple
	For 1 CDM group, we consider to indicate 2 TCI states is an error case.
For 2 CDM groups, support Atl1.
For 3 CDM groups, we consider this is an error case.

	Nokia 
	Support Alt.1. in all cases. 



For DMRS table design, one remaining issue is how to determine the Rel-16 DMRS table or entries. Based on our review, companies still have diverse opinions. At least 8 companies, e.g., Qualcomm, ZTE, Lenovo, China Telecom, NEC, Spreadtrum, Panasonic, Huawei, propose a new DMRS table in Rel-16 which is dedicated for single PDCCH NCJT transmission when a TCI code point is mapped to two TCI states. Specifically, Qualcomm and ZTE point out that a dedicated new table is beneficial to dynamically switch between SDM, TDM, and FDM schemes with minimum DCI impact and overhead. On the other hand, Nokia and Ericsson propose that new entries should be added in legacy table and NCJT entries are applicable when two TCI states are indicated.
In general, both schemes will introduce a new table which is different from Rel-15 DMRS table. However it seems to be a common understanding that the enablement of Rel-16 NCJT DMRS table or entries is conditioned on the number of TCI states, one or two, whilst the main difference is whether all legacy entries (or only a subset) are included in the new DMRS table in Rel-16. To facilitate further detailed DMRS table design, we have the following proposal: 
[Draft Offline proposal 11] 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
· Alt1:  two TCI states are indicated by a TCI code point	Comment by Huawei: ZTE, China Telecom, Spreadtrum, Panasonic, QC, NEC, Nokia, Lenovo, MTK, Apple
· Alt2:  the UE received Rel-16 TCI activation MAC-CE with at least one TCI code point is mapped with more than one TCI states	Comment by Huawei: SS
· Alt 3: the table (or DMRS entries) are configured by RRC for that UE	Comment by Huawei: Ericsson, vivo, CATT
· Note that it does not exclude the possibility that Rel-16 DMRS table is based on Rel-15 DMRS table/entries with additional new entries (if agreed)
· [bookmark: OLE_LINK2]FFS: whether all legacy entries (or only a subset of entries) are included in Rel-16 DMRS table  (to be concluded in RAN1 98bis)

	Company
	Comments

	Ericsson
	The new entry in the table (i.e. 1+2) is available for any TCI codepoint when the UE has received an RRC configuration from the network to use Rel.16 DM-RS behaviour (after the network has received relevant UE capabilities). Hence, RRC is used to enable additional entries in the table, it is not tied to whether any TCI field has a code point with two TCI states. 

	Samsung
	It is unclear whether the number of activated TCI states can be varied or not for Rel-16 UEs, which depends on RAN2 design.

	OPPO
	If new DMRS table is not introduced, e.g. only some new DMRS entries is added to Rel-15 table via reserved state, it is unclear whether this issue needs to be discussed. Since the table can be backward compatible, Rel-16 UE can directly apply the table instead of Rel-15 DMRS table regardless of TCI state.

	Panasonic
	Support Alt 1

	QC
	Support Alt1.

	CATT
	For and number of layers greater than one, DMRS ports allocation across more than one CDM groups can already be supported with Rel-15 DMRS tables. In addition, as shown in Table. 1 through 4 of R1-1908602, withourt introducing any extral DCI overhead, the flexible rank combination of rank 1+2 can be achieved with a few new entries.  
So, why do we spend so much time on discussing such complicated table switching mechanism, rather than considering the entries needed for NC-JT directly? 

	ZTE
	Support Alt1

	Lenovo/Motorola Mobility
	Support Alt 1.

	MTK
	Support Alt1

	vivo
	Alt. 3: for a Rel-16 UE, the DMRS table with legacy and new entries is always used under Rel-16 gNB.

	Apple
	Support Alt1

	Nokia
	Alt.1



For the DMRS port indication, there are some FFS in last meeting about some design principles, i.e., layer combinations of 1+3 and/or 3+1, MU cases, and two CWs cases of total layers of NCJT reception more than 4 layers. However, based on our review, it seems that there is no clear majority for these remaining issues.
Besides, 9 companies, e.g., ZTE, Samsung, CATT, Intel, LGE, Lenovo, Spreadtrum, Nokia, Huawei, provide examples of 2 front-load DMRS symbols for single PDCCH NCJT, considering better robust channel estimation or supporting at least two CWs cases of Rel-15. Specifically, ZTE provides simulation results to demonstrate that two front-loaded DMRS symbols can provide more robust channel estimation.  
To facilitate further detailed DMRS table design, following issues of design principles shall be concluded in RAN1 98, as we agreed in RAN1 97. 
[Draft Offline Proposal 12]: For single-DCI based NJCT transmission, at least for eMBB, with regarding to following design principles for DMRS entries: 
· Principle 1: Support 1+3 and/or 3+1 layer combinations from two TRPs indicated by antenna port field.	Comment by Huawei: Yes: Lenovo
No: Ericsson, SS, DCM, Panasonic, QC, CATT, MTK, VIVO, Nokia
· Principle 2: Support MU cases, , i.e. between NCJT UE+NCJT UE and NCJT UE+S-TRP UE
· Alt 2-1: support MU between NCJT UE+S-TRP UE only	Comment by Huawei: Oppo without the need of additional new entry in Rel-16
· Alt 2-2: support MU between NCJT UE and NCJT UE only	Comment by Huawei: DCM
· Alt 2-3: support both MU cases, i.e., between NCJT UE+NCJT UE and NCJT UE+S-TRP UE	Comment by Huawei: Panasonic, Lenovo
· Alt 2-4: Not support MU cases	Comment by Huawei: Ericsson, SS, LGE, QC, CATT, MTK, VIVO, apple, Nokia
· Principle 3: Support two CWs for the case of total layers of NCJT reception more than 4 	Comment by Huawei: Yes: LGE, Panasonic, CATT, Lenovo, HW, Nokia
No: SS, DCM,VIVO, apple, Oppo
· Principle 4: Support two front-load DMRS symbols 	Comment by Huawei: Yes: Panasonic, CATT (no new entries), ZTE, Lenovo, MTK, HW, Nokia
No: Apple
· Notes that it does not exclude the possibility that reuse legacy entries to support single-DCI based NJCT transmission. Detailed DMRS tables/entries design is to be concluded in RAN1 98bis
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.

	Company
	Comments

	Ericsson
	· P1: No need for 1+3,3+1 based on our evaluations. 
· P2: Alt.2-4, no use case for MU-MIMO since the scenario of NC-JT and MU-MIMO crossover is not relevant (NC-JT may provide benefit only at low load which is not of interest for MU-MIMO).

	Samsung
	[Principle 1] Do not support since the occurrence of such rank combination is extremely rare according to our evaluation results.
[Principle 2] Prefer Alt2-4: do not support MU. The operation scenarios to have gain for NCJT or MU are different each other: the former for low RU scenario and the latter for high RU scenario. Our evaluation results have proven that in low RU scenario, MU between NCJT+S-TRP UEs have marginal average throughput gain and negative 5%-ile throughput gain compared to NCJT UE only.
[Principle 3] Do not support two CWs in this release, considering that RAN1 has been focusing on real deployment scenarios such as 4RX UEs in this WI.

	LGE
	We support Alt. 2-4. 
Regarding principle 3, if 1 CW transmission is only supported for NCJT, the number of total transmission layers will decrease compared to single TRP transmission. As a result, in a UE perspective, the maximum throughput will be degraded, so that it is not desirable to restrict 2 CW transmission.

	DOCOMO
	· Principle 1: there is no need to support layer combination (1,3) and (3,1) for single CW and SU case;
· Principle 2: Support Alt.2-2, MU can be supported for network scheduling flexibility.
· Principle 3: two CWs can be deprioritized in Rel.16.

	OPPO
	· For case of MU multiplexing between NC-JT UE and UE with single TRP transmission, the antenna port indication table in Rel-15 is sufficient to indicate corresponding DMRS ports, e.g. one UE with port {0,2} and the other with port {1} or {3}, or one UE with port {0,1,2} and the other with port {3}. No additional entry is needed in Rel-16 to support more multiplexing

	Panasonic
	Object Principle 1, support Alt 2-3 for principle 2, support principle 3 and support principle 4

	QC
	Agree with Ericsson. No additional enhancement regarding DMRS entries (other than 1+1 / 1+2 / 2+1 / 2+2 for single front-loaded DMRS) is necessary.  

	CATT
	· Principle 1: object
· Principle 2: Alt. 2-4, i.e. not support MU-MIMO in NC-JT
· Principle 3: support
· Principle 4: we support two front-load DMRS symbols cases. However, for any rank>=2, if DMRS ports allocation across CDM groups is already supported with one front-load DMRS symbol case, we don’t need additional support for cross-CDM group ports allocation for 2-symbol case.

	ZTE
	At least principle 4 should be agreed. We provided simulation results to justify the benefit for robust channel estimation.

	Lenovo/Motorola Mobility
	The link quality of different TRPs to a UE is different and the rank of each TRP can be different. So support 1+3 and 3+1 layer combinations. 
Rel-15 has already support MU cases, for multi-TRP transmission, it is better also support MU for high throughput of a cell.
Support principle 3 to have more than 4 layers transmitted from two TRPs. This is helpful for indoor deployment. 
Principle 4 is needed to support 1+3 and/or 3+1 layer combinations and two CWs of more than 4 layers case.

	MTK
	Principle 1: object
Principle 2: Alt. 2-4, i.e. not support MU-MIMO in NC-JT
Principle 4: Support two front-load DMRS symbols cases

	vivo
	We don’t support principle 1, 3.
For principle 2, support Alt 2-4.

	Apple
	We fail to see the benefit to support MU-MIMO, >4 layers as well as 2 front-loaded symbols.

	Nokia
	· Principle 1: not needed. (no gain from our evaluations)
· Principle 2: 
· Not support MU cases
· Principle 3: Support two CWs for the case of total layers of NCJT reception more than 4 
· Principle 4: Support two front-load DMRS symbols 



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 mainly focused on details of URLLC PDSCH transmission schemes 2a/2b/3/4. In addition, there are some initial discussion about how to distinguish all transmission schemes including eMBB & URLLC and Single-& Multi-TRP.

For URLLC FDM schemes 2a/2b, companies expressed their views and concerns with regarding to maximal TCI states number, maximal transmission layers, frequency domain resource allocation (FD-RA) method and granularity, and TBS determination for scheme 2b. Based on the review, the majority company prefer to restrict both number of TCI states and transmission layers to 2 for FDM schemes 2a/2b. Then the discussion about FD-RA mechanism mapped to multiple TCI states is slightly diverse. The comb-like resource allocation method was proposed/discussed mostly and the main difference seems to be mapping granularity. Next, RBG-grouping-like resource and joint TCI and FD-RA indication methods were proposed by one company respectively. Other remaining issues related to scheme 2a/2b, e.g. TBS determination etc. can be found in the list of open issues.   

[Draft Offline Proposal 13]: For single-DCI based M-TRP URLLC scheme 2a and 2b support following design with respect to: 
· Proposal 13-1: The maximum number of TCI states, down-select one option from the following options:	Comment by Huawei: Opt.1: SS, LGE, Panasonic, QC, Intel, CATT, ZTE, Lenovo, MTK, Apple, HW, Oppo
Opt.2: Ericsson, Nokia
· Option.1 up to 2
· Option.2 up to 4 TCI states
· Proposal 13-2: Support up to 2 transmission layers for scheme 2a 	Comment by Huawei: E///, SS, LGE, Panasonic, QC, Intel, CATT, ZTE, Lenovo, MTK, VIVO, Apple, HW, Nokia
· Proposal 13-3: down-select one from following alternatives in RAN1 98bis: 	Comment by Huawei: Opt.1: E///, LGE, Panasonic, QC, CATT, ZTE, Lenovo, MTK, VIVO
Opt.2: CATT, LG
Opt.3: SS, Intel, HW
Opt.4: Nokia
· Option 1: 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. 
· Option 2: comb-like frequency resource allocation between/among TRPs. The allocation granularity mapping to TRPs is configured by a new higher signaling, e.g. with {2, 4} PRBs.
· Option 3: For type 0 DL resource allocation, each bit in bitmap can indicate two consecutive RBGs within the BWP. The first half of bitmap are associated to TCI state 1 and the second half of bitmap are associated to TCI state 2.  For type 1 DL resource allocation, either option 1 or 2 may be considered. 
· Option 4: Multiple combinations for TCI states and corresponding frequency domain partition shall be pre-configured via higher layer signalling and indicated by a code point in a new DCI field. Details of frequency domain partitions are FFS. 

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

	Ericsson
	P13-1: *Option 2
P13-2: Support the proposal
P13-3: We support Option 1

	Samsung
	[Proposal 13-1] Support Option 1 which allows the re-use of TCI activation/indication enhancements in eMBB.
[Proposal 13-2] Support
[Proposal 13-3] Support option 3 which allows flexible FD-RA across different TRPs. Our evaluation results have proven that flexible FD-RA provides more than 1dB SNR gain compared to fixed FD-RA.

	LGE
	 Regarding proposal 13-1, we support option 1, and we can support proposal 13-2.
Regarding proposal 13-3, we think that Option 1 and Option 2 can be combined as follows:
Option 1: 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 PRG sets within the allocated FDRA are assigned to TCI state 1 and odd PRG sets within the allocated FDRA are assigned to TCI state 2.
The PRG set means a several consecutive PRGs, and the number of PRGs consisting a set can be configured by a higher layer signalling.

	Panasonic
	P 13-1: We support option 1 up to 2 TCI states
P 13-2: Support
P 13-3: We support option 1 and also agree to support the suggested update from LGE

	QC
	Proposal 13-1: Support Option 1. As shown in SLS simulation results in our contribution, more than 2 TCI states is not needed for FR1. For FR2, it is not reasonable to assume that any Rel. 16 UE can support simultaneous reception of 4 beams. In addition, limiting max number of TCI states to 2 can simplify the signalling (same mechanism as SDM can be used).

Proposal 13-2: Support.

Proposal 13-3: Support option 1 as it does not require additional DCI overhead (or introducing a new DCI format / fields). It also works for both RA types 0 and 1. Our evaluation result does not show meaningful benefit for non-equal number of RBs.

	Intel
	Proposal 13-1: Option 1
Proposal 13-2: Support
Proposal 13-3: Option 3, we think scheduling flexibility is important because two TRPs have different loads, powers etc. And we show SLS gains coming from frequency selectivity.

	CATT
	· Proposal 13-1: we support option 1, i.e. up to 2 TCI states
· Proposal 13-2: support 
· Proposal 13-3: option 1 is preferred

	ZTE
	Proposal 13-1: Option 1
Proposal 13-2: Support
Proposal 13-3: Option 1 or more simplicity, e.g. the first half contiguous RB/RBGs are for TRP0, the remaining ones are for TRP1.

	Lenovo/Motorola Mobility
	13-1: Support Option 1
13-2: Support up to 2 transmission layers for 2a as 2 layers has already been agreed for 2b in RAN1#97 
13-3: Support option 1. If interleaved VRB to PRB mapping is indicated, even VRB bundles within the allocated FDRA are assigned to TCI state 1 and odd VRB bundles within the allocated FDRA are assigned to TCI state 2. 

	MTK
	Proposal 13-1: option 1
Proposal 13-2: support 
Proposal 13-3: option 1

	vivo
	Proposal 13-2: Support
Proposal 13-3: Either Option 1 or Option 2.

	Apple
	Proposal 13-1: Support option 1
Proposal 13-2: Support
For proposal 13-3, we suggest to first decide whether it is necessary to support discontinuous frequency allocation for PDSCH from one TRP or not.

	Nokia
	Proposal 13-1: option 2
Proposal 13-2: support 
Proposal 13-3 is to decide in next RAN1. We think that is reasonable. 



For URLLC TDM schemes 3/4, companies provides their views on a number of issues including maximal TCI states number, maximal transmission layers, time domain resource allocation (TD-RA) mechanism, TCI state mapping, RV sequence mapping, and conflicts with slot boundary and UL symbols. It seems that the majority support no more than 2 TCI states in scheme 3/4. In addition, the majority companies think the repetition time indication method can reuse Rel-15’s for scheme 4, while a dynamic indication can be supported for scheme 3. Many companies slightly prefer transmission layer restriction with up to 2 layers. It seems more natural that the number of symbols scheduled for each repetition transmission occasion shall be the same. Next, some companies discussed rule for the TCI state mapping onto PDSCH repetitions, either cyclical or sequential. Other remaining issues in general, e.g. RV sequences/mapping rule, symbol gap between PDSCH repetitions, and channel interpolation etc., can be found in the list of open issues because of diverse view or insufficient meeting time.

[Draft Offline Proposal 14]: For single-DCI based M-TRP URLLC scheme 3 & 4, support following design with respect to 
· 14- 1: The maximal number of transmission layers per TRP, down-select one from following options:	Comment by Huawei: Opt.1 (8): SS, LGE, DCM, Panasonic, QC (without TBS limit), MTK, apple, Oppo
Opt.2 (9): Ericsson, QC (if TBS limit to 10k bytes), Intel, CATT, ZTE, Lenovo, VIVO, HW, Nokia
· Option 1: single layer transmission per TRP  
· Option 2: Up to 2
· 14-2: The maximal number of TCI states, down-select one from following options:	Comment by Huawei: Opt.1 (11): SS, LGE, Panasonic, QC, Intel, ZTE, MTK, VIVO, apple, HW, Oppo
Opt.2 (5): Ericsson, DCM, CATT, Lenovo, Nokia
· Option 1: Up to 2  
· Option 2: Up to 4
· 14-3: PDSCH repetition indication mechanism: 
· To indicate the number of repetition occasions for scheme 3, down-select one from following options:	Comment by Huawei: Opt.1 (6): Ericsson, DCM, Panasonic, Intel, Lenovo, VIVO
Opt.2 (7): LGE, CATT, MTK, apple, HW, Nokia, Oppo
Opt 3 (1): SS
Opt 4 (1): QC
· Option 1: by dynamic indication
· Option 2: by high-layer signaling following Rel-15 mechanism 
· Option 3: reuse the indication mechanism for PUSCH repetition in eURLLC WI
· Option 4: Fixed to 2 repetitions per slot
· To indicate the number of repetition occasions for scheme 4, down-select one from following options:	Comment by Huawei: Opt.1 (5): Ericsson, DCM, Panasonic, Intel, Lenovo
Opt.2 (9): SS, LGE, QC, CATT, MTK, VIVO, apple, HW, Nokia
· Option 1: by dynamic indication
· Option 2: by high-layer signaling following Rel-15 mechanism 
· 14-4: Resource allocation in time domain:	Comment by Huawei: Yes(11): Ericsson, SS, LGE, DCM, QC, ZTE, HW, MTK, apple, Nokia, Oppo
NO (3): Panasonic, Intel, CATT
· Support same number of symbols scheduled for each repetition occasion 
· 14-5: TCI state mapping to PDSCH repetitions, down-select one from following options:	Comment by Huawei: Opt.1: SS, DCM, Lenovo, MTK, HW, LGE, CATT, VIVO
Opt.2: ZTE , apple, LGE, CATT, VIVO, Oppo
Opt 3: LGE, CATT, VIVO
· 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
· 14-6: For scheme 3, when a “nominal” PDSCH repetition occasion collides with the slot boundary (FFS for DL/UL switching), down-select one from following options: 	Comment by Huawei: Opt.1: SS, Lenovo
Opt.2: CATT, HW
Opt.3: LGE, OPPO, Panasonic, QC, ZTE, Apple, Nokia
· Option 1: Split that “nominal” occasion into multiple PDSCH repetition occasions across slot boundary 
· Option 2: Drop that “nominal” repetition occasion. 
· Option 3: All “nominal” repetitions are in a single slot by NW implementation without dropping.   


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

	Ericsson
	P14-1: Option 2
P14-2:  Option 2
P14-3:  Option 1 for both schemes 3 and 4
P14-4: Support the proposal.

	Samsung
	[14-1] Support single-layer transmission.
[14-2] Option 1 should be the baseline taking into account the remaining TUs.
[14-3] Support Option 2 for scheme 4. For scheme 3, the method agreed in eURLLC WI for PUSCH repetition can be reused for indicating repetition occasions
[14-4] Support in principle
[14-5] Support Option 1 which allows earlier termination of repetition when channel qualities of different TRPs vary much.
[14-6] Support Option 1 which is in accordance with agreement made in eURLLC WI for PUSCH repetition.

	LGE
	Regarding 14-1 and 14-2, we prefer option 1. 
Regarding 14-3, we support option 2 for both scheme 3 and 4. 
We support 14-4. 
Regarding 14-5, both options should be supported and the specific mapping rule can be configured by gNB. This is because each option has its pros and cons. For example, considering option 1, transmission occasions per TRP are fully distributed in time domain so that more time diversity can be achieved. On the other hand, option 2 is advantageous for early decoding as described in R1-1908990.
Regarding 14-6, we support option 3. Definition of scheme 3 agreed in [96-NR-09] is as follows, ‘Scheme 3 (TDM): n (n<=Nt1) TCI states within the single slot, with non-overlapped time resource allocation’. So, based on this agreement, we don’t need to consider the collision. 

	DOCOMO
	P14-1: Option 1, support single layer transmission for URLLC.
P14-2: Our simulation results show significant performance gain for 4 TCI states over 2 TCI states. So option 2 is supported.
P14-3: For both scheme 3 and scheme 4, option 1 is supported.
P14-4: Support.
P14-5: Support option 1.

	OPPO
	For [14-6], the case of repetitions across slot boundary or DL/UL switching is out of the definition of scheme 3 and should not be scheduled by gNB.

	Panasonic
	P 14-1: We support option 1
P 14-2: We support option 1
P 14-3: We support option 1 for both schemes 3 and 4
P 14-4: Further discussion is needed on this proposal. We think that it is necessary to allow the possibility to have different number of symbols for repetitions considering the issue of unavailability of contiguous symbols, for example, it can be an UL symbol
P 14-5: Similar view as for P 14-4
P 14-6: We support option 3, but depending up on P 14-4

	QC
	Proposal 14-1: We are fine with option 2 if a TBS limit can be agreed for the TDM schemes. The reason for that is explained in our contribution and is related to soft combining back-to-back repetitions. The TBS limit we are proposing corresponds to the largest packet size agreed across all URLLC use cases (10 K bytes, see eURLLC TR). Without the TBS limit, we support option 1.

Proposal 14-2: Support Option 1. Given max number of TCI states is 2 for SDM (and we are proposing same for FDM), it should also remain 2 for TDM to simplify the signaling.  

Proposal 14-3: More than 2 repetitions is not required for Scheme 3 as evaluated in our contribution. For scheme 4, similar to Rel. 15 slot aggregation, number of repetitions can be RRC configuration. In general, for scheme 4, Rel. 15 slot aggregation mechanism can be reused with the addition of TCI state. 

Proposal 14-4: Support the proposal.

Proposal 14-5: For scheme 3, the number of repetitions should be decided first. If one repetition per TCI state is agreed, the proposal is not needed. For scheme 4, we are open to both options at this point, and we can further discuss.

Proposal 14-6: Support Option 3. Option 1 is against the description of agreed scheme 3 (“within the single slot”). Also, Option 1 (and Option 2 depending on the details) will result in significant impact to semi-static HARQ-Ack codebook determination rules as explained in our contribution.  

	Intel
	14-1: option 2
14-2: option 1
14-3: option 1 – we think dynamic indication should be supported in principle
14-4: we think 14-4 is clearly sub-optimal as Rel-15 was targeted for coverage and we should consider latency optimization by allowing unequal size repetitions 
14-5: How to support beam switching delay needs to be resolved for both cases in FR2. For scheme 3, we don’t think it makes sense to have multiple repetitions from the same TRP in the same slot.

	CATT
	· 14-1: option 2
· 14-2: option 2
· 14-3: option 2 for both scheme 3 and 4
· 14-4: support both same and different number of symbols scheduled for each repetition occasion
· 14-5: depending on configuration/indication, both of the options can be supported 
· 14-6: option 2

	ZTE
	14-1: option 2

14-2: option 1

14-3:  More than 2 repetitions is not required for Scheme 3 as evaluated in our tdoc. So the number of repetitions should be fixed as 2, additional signaling is not needed if scheme 3 is determined. 

14-4: support 

14-5: it is not needed for scheme 3 since maximum 2 repetitions are enough. For schee 4, support option 2 to reduce beam change. Option 1 has no benefit even for latency since A/N timing is indicated by DCI. 

14-6: Option 3 for simplicity. 

	Lenovo/Motorola Mobility
	14-1: Support option 2: up to 2 transmission layers per transmission occasion
14-2: Support option 2 - Up to 4 TCI states across PDSCH repetitions. One TCI codepoint can indicate the up to 4 TCI states. Transmission reliability can be increased when more than 2 TRPs (with reasonable channel conditions) are involved in in transmitting repetitions of the same TB.
14-3: Option 1 for scheme 3 & 4: Dynamic indication of the number of PDSCH repetitions in the scheduling DCI by jointly coding in the TDRA table as an additional parameter for the indexed row.
14-4: A “nominal” repetition has the same number of symbols as the resources indicated for the first repetition in DCI TDRA field. Conflict with semi-static configured UL symbol(s) are assumed to be not valid symbols for PDSCH mapping.  Conflict with SFI-indicated UL symbol(s), PDSCH is assumed to be punctured in those symbols as GC-PDCCH may not provide the needed reliability for URLLC. Single orphan symbol (at the end of slot) is included in the previous PDSCH repetition.
14-5: Support option 1: Cyclical mapping - Map indicated TCI states cyclically to the transmission occasions.  
14-6: Option 1. If a “nominal” repetition of a PDSCH transmission occasion goes across the slot boundary or DL/UL switching point, the “nominal” repetition is split into multiple PDSCH repetitions, with one PDSCH repetition in each DL period in a slot.

	MTK
	14-1: option 1
14-2: option 1
14-3: option 2 for both scheme 3 and 4
14-4: Support
14-5: option 1

	vivo
	For 14-1, we support option 2
For 14-2, we support option 1
For 14-3, we support option 1 for scheme 3 and option 2 for scheme 4
For 14-4, we think it should be modified as “Support same number of symbols scheduled for each nominal repetition occasion” as there could be issues on the slot boundary or DL/UL switching point.
For 14-5,  we support another option: option 3: RRC configured mapping sequence
For 14-6, we support option 1.

	Apple
	14-1: Support option 1
14-2: Support option 1
14-3: Support option 2 for both scheme 3 and 4
14-4: Support
14-5: Support option 2 
14-6: Support option 3

	Nokia
	14-1: Option 2
14-2:  Option 2
14-3:  Option 2 for both schemes 3 and 4
14-4: Support the proposal.
14-5: first need to agree on 14-3. 
14-6: PDSCH repetition occasions may also collide with previous repetition. And 
all “nominal” repetitions are in a single slot should be handled by NW implementation such that they are not overlapping.   




In addition, a mechanism to distinguish transmission schemes supporting URLLC with M-TRP may be necessary. Vivo provides a comprehensive analysis, for example, the number of TCI states in the code point is used to distinguish transmission cases between single-TRP and M-TRP. Then the number of CDM group for indicated DMRS ports is seen as a switching point between M-TRP based SDM and other schemes. In addition, the time-domain repetition factor can be also used to further distinguish M-TRP based FDM schemes and TDM schemes. On the other hand, ZTE prefers to use different entry in DMRS table to distinguish all schemes but details are not crystal clear yet. QC prefer that DMRS ports indicated for FDM schemes can be restricted in one CDM group. Therefore, the commonality among companies seems to the number of CDM group, which can be used to distinguish M-TRP based SDM schemes and FDM/TDM schemes. 
	
[Draft Offline Proposal 15]: For single-DCI based M-TRP URLLC scheme 2a/2b/3/4, indicated DMRS ports are from one CDM group, if the scheme can support the transmission with more than one layer. 	Comment by Huawei: Support: E///, Spreadtrum, Panasonic, QC (if max number of layers is 2), Intel, ZTE, Lenovo, VIVO (ok for scheme 3 and 4), HW, Nokia
No: CATT

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

	Ericsson
	Support

	Spreadtrum
	Support the proposal

	Panasonic
	Support

	QC
	Support the proposal given that the max number of layers is 2.

	Intel
	Support

	CATT
	If the ranks supported by the two TRPs are different, similar to the ports allocation for eMBB and SDM schemes, it would be convenient to indicate R1 ports within one of the CDM groups for one set of FD-RA/transmission occations, while R2 ports within another CDM group for anther set of FD-RA/transmission occations.
Otherwise, we need to consider how to indicate two subsets of DMRS ports within one CDM group.

	ZTE
	Support

	Lenovo/Motorola Mobility
	If the indicated DMRS ports for M-TRP are restricted to be from one CDM group, then the DMRS ports should have ‘QCL-TypeC’. 

	vivo
	We are OK to apply the restriction to scheme 3 and 4, but why would there be such restriction on scheme 2a/2b?

	Apple
	This may be decided later (after decisions for proposal 13 & 14)

	Nokia
	Support 



Whether to support multi-DCI based FDM scheme is a FFS left in last meeting, and supposed to be concluded in RAN1 98. Vivo, ZTE proposed to support multi-DCI based URLLC schemes in general, which may be not strictly within the scope of discussion. Samsung thinks the FDM scheme may be beneficial from multi-DCI for flexible RB allocation, as well as independent MCS selection etc. On the other hand, Ericsson thinks the multi-DCI based FDM scheme implies the 1-to-1 mapping between DCI and TRP, which may have problem in supporting 4 TRP cooperation. 

[Draft Offline Proposal 16]: Whether to support multi-DCI based FDM scheme with repetition, down-selection one from the following:
· Option.1: Support multi-DCI based FDM scheme for URLLC with multi-TRP/panel	Comment by Huawei: SS, ZTE
· Option.2: Do not support multi-DCI based FDM scheme for URLLC with multi-TRP/panel	Comment by Huawei: E///, Spreadtrum, Panasonic, QC, Lenovo, Apple, LGE (with low priority), OPPO (if time allowed), CATT (with low priority), Nokia
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	Ericsson
	For URLLC, it makes more sense to use multi-PDCCH for PDCCH diversity instead of Multi-DCI.  Hence, we support Option 2.

	Samsung
	Support Option 1 for more flexible RB/MCS scheduling. In our evaluation results, over 1 dB SNR gain is observed by allowing flexible RB scheduling which can be inherently supported via multi-DCI based FDM.

	LGE
	Option 1 can be considered. However, given the limited time, we think that this scheme has low priority. 

	Spreadtrum
	Support option 2. 

	OPPO
	Support option 1 if the time is allowed in Rel-16

	
	

	Panasonic
	We have similar view as Ericsson 

	QC
	Support Option 2.

	Intel
	We have similar observation as Samsung but have not decided yet.

	CATT
	Considering the flexibility in FD-RA and MCS slection, option 1 could outperform option 2. However, considering the time budget, compared with other topics of NC-JT, this issue should have lower priority. 

	ZTE
	Support Option1. Current agreed schemes are based on single PDCCH, it causes low PDCCH robust in blockage scenarios since PDCCH is usually transmitted only from one TRP.

	Lenovo/Motorola Mobility
	Support option 2: We do not see the need to support multi-DCI based FDM scheme for URLLC with multi-TRP/panel.

	Apple
	Support option 2.

	Nokia
	Option 2




3. Work Plan
A general work plan is summarized as following based on R1-1903610 from Athens meeting. It intends to provide expectation at high level and can be updated based on tdoc submission and meeting progress.  

[TBD] 

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 
· Joint HARQ-ACK codebook generation
	Company
	Comments

	Qualcomm
	For joint HARQ-Ack feedback:
· For dynamic codebook: DAI counting is joint across the two TRPs, and total DAI should count total number of DCIs in a PDCCH monitoring occasion across both different CCs as well as different TRPs. DCI format 1_1 should contain 2 bits for total DAI if more than one serving cell are configured in the DL (as in Rel. 15) or if multi-DCI based multi-TRP is configured.
· For semi-static codebook: Separate PDSCH occasions are determined for each TRP in the same way that it is determined per CC in Rel. 15, i.e., PDSCH occasions , where  denotes the serving cell index (as in Rel. 15) and  denotes the TRP index (i.e. higher layer index configured per CORESET), are determined per CC and per TRP.

	ZTE
	For joint ACK/NACK bits multiplexing, ACK/NACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of the higher layer CORESET group IDs in a HARQ-ACK codebook.
•	DAI is applied per TRP

	Vivo
	For joint HARQ feedback, HARQ-ACK bit multiplexing in a concatenated way by the increasing order of configured higher layer signaling indices of CORESET groups identifying TRPs is preferred.

	InterDigital
	In M-DCI multi-TRP transmission, if the determined PDSCH to ACK/NACK transmission offsets are different, joint ACK/NACK to be transmitted according to the DCI with the later time offset.

	Samsung
	When the UE generates Type-1 or Type-2 HARQ-ACK codebook for joint HARQ-ACK feedback for multi-DCI based NC-JT,
•	HARQ-ACK bits for Type-1 HARQ-ACK codebook are generated for the union of valid PDSCH reception occasions for the two TRPs
•	DAI counts for Type-2 HARQ-ACK codebook are performed per TRP and then the outcomes are concatenated

	Nokia
	For joint ACK/NACK feedback, it is not required to have a higher layer signaling index per CORESET. For example, HARQ-ACK bits of TRP-0 and TRP-1 can be interlaced across different CC.

	MTK
	Use the same higher layer signaling index per CORESET for separating ACK/NACK codebook across all CCs and joint ACK/NACK codebook for joint ACK/NACK codebook, the index is used to determine the encoding order for ACK/NACK. HARQ-ACK bits for TRP-0 and TRP-1 are concatenated by the increasing order of configured higher layer signaling indices of CORESETs.

	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
	Joint feedback with single HARQ-ACK codebook for M-TRP should be supported. And the ACK/NACK codebook for joint semi-static codebook should be enhanced for M-TRP.
For HARQ-ACK bit multiplexing, HARQ-ACK bits from different TRPs as identified by the higher layer configured signaling indices are concatenated in increasing order.
Separate DAI per TRP is used for multi-PDCCH multi-PDSCH transmission.

	DOCOMO
	For multiple PDCCH-based multiple TRPs/panels transmission, to support joint ACK/NACK feedback,
· For semi-static HARQ-ACK codebook, the HARQ-ACK bits for different TRPs are interlaced across different CCs.
For dynamic HARQ-ACK codebook, both joint and separate DAI counting across TRPs/panels should be supported:
· Whether the DAI is counted jointly or separately across TRPs/panels is configured by RRC signaling.

	Intel
	Consider generation of HARQ-ACK bits for TRP-0 and TRP-1 separately and concatenating them for joint HARQ-ACK feedback.
Consider DAI application per TRP for joint HARQ-ACK feedback.

	Spreadtrum
	Support to reuse high layer signaling index per CORESET to achieve the ACK/NACK ordering for joint A/N feedback for semi-static HARQ codebook when multiple TRPs configured in the same CC.
HARQ-ACK bits for different TRPs could be concatenated by the increasing order of configured higher layer signaling indices of CORESETs for joint A/N feedback for semi-static HARQ codebook when multiple TRPs configured in the same CC.

	Huawei, Hisilicon
	For joint semi-static and dynamic HARQ-ACK codebooks, HARQ-ACK information bits for each TRP (identified by associated higher layer index per CORESET) are sorted following Rel-15 procedure, and then HARQ-ACK information bits for two TRPs are concatenated by the ascending order of index values.



· Switching between Separate/Joint HARQ-ACK codebook
	Company
	Comments

	Qualcomm
	A new RRC signalling is used to switch between joint feedback and separate feedback. Network can configure the UE based on coordination schemes between TRPs as well as UE capability signalling.

	ZTE
	Support a new RRC signaling to switch between joint and separate ACK/NACK.

	Vivo
	For switching between separate HARQ-ACK feedback and joint HARQ-ACK feedback:
· Joint HARQ-ACK feedback is applied if overlapped/same PUCCH resources or same subslot indices are indicated.
· Separate HARQ-ACK feedback is applied otherwise; 

	OPPO
	To configure which type of ACK/NACK feedback to use for a UE, one of the following two alternatives can be considered:
•	Alt 1: A new RRC signaling is introduced to indicate whether joint feedback can be adopted.
•	Alt 4: UE determines which type of feedback to use based on whether the indicated PUCCH resources for two TRPs are overlapped or not (reusing Rel-15 rule as much as possible);

	Samsung
	Support Alt4 to indicate/decide one among separate or joint HARQ-ACK feedback methods
•	Consider additional support of Alt1 and/or Alt3

	CATT
	based on the analysis above, to support the switching between joint and separated ACK/NACK feedback within a slot, the following alternative is preferred:
•	Alt 1: a new RRC signalling is to switch between joint feedback and separate feedback.

if configured higher layer signalling indices for CORESETs corresponding to different TRPs have same values or the indices are not configured, the A/N bits can be sorted according to the CORESET ID.

for the generation of dynamic HARQ-ACK codebook for NC-JT, DAI can be extended to count PDSCHs from the coordinated TRPs jointly.

	LG
	Introduce RRC signaling to indicate whether to apply joint codebook or separate codebook.

	Lenovo
	Separate ACK/NACK feedback will be employed if different indices values are configured for the CORESETs associated with different TRPs, otherwise joint ACK/NACK feedback will be employed.

	DOCOMO
	Switch between separate A/N and joint A/N codebook is configured by RRC.

	Spreadtrum
	Support Alt.1: a new RRC signaling is to switch between joint feedback and separate feedback.

	Apple 
	For switching between joint/separate ACK/NACK feedback, Alt1 (configured by RRC) should be supported, and whether UE can support joint feedback or separate feedback or both could be a UE capability.




· Last DCI for 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
	The PUCCH resource can be determined by the PRI in the last DCI and/or CCE index of the last DCI. 
o	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.

	InterDigital
	In M-DCI multi-TRP transmission, if the determined PDSCH to ACK/NACK transmission offsets are different, joint ACK/NACK to be transmitted according to the DCI with the later time offset.

	LG
	For joint A/N codebook, when PDCCH occasions of the two TRPs are the same, the last DCI is determined according to the largest DAI.

	DOCOMO
	For PUCCH resource determination for joint ACK/NACK feedback, the detected DCIs are first indexed across different TRPs, then indexed across serving cells and then indexed across PDCCH monitoring occasions.

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

	NEC
	Support determining the last DCI based on a lower TRP index.

	Huawei, Hisilicon
	To convey joint HARQ-ACK codebook for M-DCI based multi-TRP/panel transmission, PUCCH resource is determined by the last DCI sorted from detected DCI formats, by the ascending orders of higher layer indices configured in CORESETs, and then serving cell indices, and then PDCCH monitoring occasion indices.




· PUCCH configuration details 
	Company
	Comments

	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.

	Vivo
	For TDMed PUCCH transmission within a slot for separate ACK/NACK, following alternatives for PUCCH resource indication are preferred:
•	PUCCH resources can be indicated by the NW to ensure TDM PUCCH resources among M-TRPs 
o	Explicitly configured PUCCH resource groups are not needed.

	ZTE
	Support PUCCH resource group, and each group is associated with one CORESET group ID.

	Nokia
	PUCCH resources used to convey ACK/NACK feedback to each TRP are separately configurable to ensure that they are non-overlapping.
Multi-TRP transmission based on multiple PDCCH shall consider TA values used by the UE when scheduling the PUCCH resources within a slot to avoid overlapping in ACK/NACK transmissions.
For separate ACK/NACK feedback, it is not required to associate PUCCH resource groups and configured higher layer signaling indices of CORESETs.
PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs (Alt 2).

	OPPO
	The UE does not assume simultaneous ACK/NACK transmission from multiple PUCCH resources.

	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.

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

	China Telecom
	For TDMed PUCCH transmission within a slot for separate ACK/NACK, Alt 1 should be supported, i.e. PUCCH resource groups can be explicitly configured by the NW.

	Panasonic
	For TDMed PUCCH transmission within a slot for separate ACK/NACK, overlapping of PUCCH resources configured by the NW among multiple TRPs should not be supported.
For TDMed PUCCH transmission within a slot for separate ACK/NACK, PUCCH resources can be configured by the NW to ensure TDM PUCCH resources among M-TRPs 
•	PUCCH resource groups are not needed
•	Sub-slot based TDM of PUCCH within a slot is supported, where PUCCH in each sub-slot is associated with separate TRP



· PUCCH format:
	Company
	Comments

	Nokia
	The PUCCH format for ACK/NACK feedback to different TRPs can be the same or different.

	DOCOMO
	For multiple PDCCH design for eMBB, the format of PUCCH of multiple TRPs can be different.

	Intel
	Consider introducing multiplexing of two long PUCCHs in one slot to allow more flexible PUCCH resource partitioning between 2 TRPs in the same slot.

	Huawei, Hisilicon
	Support UE transmitting two TDM-ed PUCCHs in a slot, using formats 1 or 3 or 4.


	
· PUCCH Power control
	Company
	Comments

	Vivo
	For multi-TRP transmission, independent power controls for different PUCCH transmissions are supported.

	ZTE
	Close loop power control should be separate for the two TRPs.

	Lenovo
	Independent power control, including the open loop power control parameters configuration and TPC command for PUCCH transmitted to different TRPs should be supported.


· Multiplexing of channels	
	Company
	Comments

	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.

	Vivo
	For the cases when UE is indicated to transmit on the overlapping PUCCH resources that UE could not simultaneously transmit,
· UCI multiplexing and PUCCH resource selection is firstly conducted within a TRP with Rel-15 rules and based on the selected resources, UE may drop one of the PUCCH based on pre-defined priority rules.

	OPPO
	If a higher layer signaling is introduced indicating separate ACK/NACK feedback, dropping rule is predefined to drop ACK/NACK with lower priority if PUCCH resources conveying separate ACK/NACK feedback are overlapped in time domain.
If ACK/NACK feedback for one TRP overlaps with CSI report/PUSCH for another TRP in time domain, the CSI report/PUSCH is dropped.

	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 the two TRP are overlapped, UE transmits one PUCCH and drop another.
When PUSCH and PUCCH 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.

	Lenovo
	Support overlapped PUCCH resource configuration among multiple TRPs.
A higher layer signaling index should be configured in CSI report.
Support signaling of the correspondence between the TRPs and the PUCCH resources configured in the multi-CSI-PUCCH resource.
UCI should be multiplexed per TRP first.
UCI multiplexing should be simplified to improve the probability of HARQ-ACK transmission.
SR transmission is not necessarily transmitted to a specified TRP, it can be multiplexed with other UCIs to any TRP.

	DOCOMO
	For multiple PDCCH design for eMBB, when UL channels from different TRPs collide,
· UE selects the TRP/panel for UL transmission based on some predefined rules, and then re-use Rel-15 dropping/multiplexing rule for the selected TRP/panel if there are still multiple UL channels to be transmitted at the same time for the selected TRP/panel
· The predefined rule is firstly based on the priority of UL channel type and contents in the UL channel like Rel-15 rule. 
· If the overlapped UL channels from two TRPs/panels have the same priority (e.g., with the same UL channel type and contents), the TRP/panel with the lowest TRP/panel ID or with the earlier starting time of the UL channel is selected

	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

	NEC
	Make rules or clarifications to solve the collisions 1)-4) due to multi-DCI indication for multi-TRP transmission under non-ideal backhaul.
1) PUCCH collision within and across TRPs.
2) PUCCH and PUSCH collision between TRPs.
3) DL/UL collision on flexible symbols of a slot format.
4) UL/SUL collision in DCI indication.

	Spreadtrum
	For PUCCH resource configuration, support PUCCH resources configured by the NW may be overlapped among M-TRPs.
Support the following predefined rule for PUCCH/PUSCH collision from different TRPs for separated A/N feedback.
-	Drop PUCCH if PUSCH carries ACK/NACK information
-	Drop PUCCH if PUSCH carries UCI information, and PUCCH doesn’t carry ACK/NACK
-	Drop PUSCH if PUSCH doesn’t carry ACK/NACK information, and PUCCH carries ACK/NACK 
-	Drop PUSCH if PUSCH doesn’t carry UCI where PUCCH carries UCI
-	Drop PUCCH without ACK/NACK if another PUCCH carries ACK/NACK
-	It is up to UE implementation to drop which PUCCH, if both PUCCHs carry the same UCI type.

	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.
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.
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

	Huawei, Hisilicon
	To multiplex HARQ-ACK feedback and CSI reporting for separate HARQ-ACK feedback, 
· for P/SP CSI reporting over PUCCH, the UE can establish the linkage/association between HARQ-ACK information and CSI by configuring a higher layer signaling index in corresponding CSI report configuration, and multiplexing P/SP CSI report(s) with HARQ-ACK information only if both higher layer signaling indices have the same value. 
· Otherwise, the UE may drop P/SP CSI reporting without multiplexing. 
· for AP/SP CSI reporting/UL data over PUSCH, the UE can multiplex HARQ-ACK information into a PUSCH if PDCCHs scheduling that PUSCH and the PDSCH (associated to that HARQ-ACK information) have the same value of higher layer signaling index per CORESET.


· PDCCH configurations
	Company
	Comments

	Vivo
	Consider following alternatives to avoid higher PDCCH blocking rate when the maximum number of CORESETs per BWP is larger than 3.
•	Alt. 1: Keep the existing formula for the first TRP, and define a new set of values for Ap for the second TRP.
•	Alt. 2: Use the same formula for all the CORESET regardless of the associated TRP, but increase the modulus operation in the formula from 3 to 5, with two new values for Ap.
Support UE capability to indicate whether the upper limit of BD/CCE could be larger than  and   for a CC when actually configured CC is smaller than the maximum number of carriers UE supports.
Support UE capability to indicate the upper limit of BD/CCE   and   per CC, which could larger than what has been supported in Rel-15.
Support explicit configuration of upper-limit of BD/CCE for each CC.

	OPPO
	The maximal number of CORESETs with the same index is 3.
For CORESETs with the same higher layer signalled index, the total maximal blind decoding follows Rel-15 UE capability.
Support mechanisms to reduce the number of blind detection for multiple PDCCH-based multi-TRP transmission. 
•	On example is to restrict the aggregation level/DCI format in search spaces associated with one CORESET group with the higher layer signaled index being equal to a predefined value.
Rel-15 DCI format is reused for multiple-PDCCH based transmission.

	Samsung
	Taking into account a DL cell configured with multi-DCI based NC-JT as two DL cells to calculate the maximum numbers of PDCCH candidates and non-overlapped CCEs.
Secure at least one search space set per CORESET for NC-JT capable UE with PCell PDCCH overbooking.

	Qualcomm
	For multi-DCI based multi-TRP, UE can indicate through capability signalling the maximum number of CORESETs that can be configured with the same higher layer index per “PDCCH-config”.
The increase for BD/CCE limits for multi-DCI based multi-TRP is achieved as follows:
· UE indicates a factor “” as part of UE capability signalling, where  and it determines the ratio increase for BD/CCE limits for DL serving cells configured with multi-DCI based multi-TRP.
· For a DL serving cell configured with multi-DCI based multi-TRP, per TRP limit is defined and is the same as the Rel. 15 limit.

For CA operation when UE is capable of multi-DCI based multi-TRP:
· UE reports pdcch-BlindDetectionCA if the UE is capable of supporting  or more DL serving cells with single-TRP and  or more DL serving cells with multi-TRP such that 
· Total and per scheduled cell limits for BD/CCE are calculated similar to Rel. 15 with each DL serving cell configured with multi-DCI based multi-TRP counted as  times.

	Nokia
	A UE capable of multi-PDCCH based multi-TRP operation can always be configured with 5 CORESETs.

There is no restriction on the association of configured CORESETs with a TRP
Increase the number of search spaces per “PDCCH-config”. FFS the exact number.

	MTK
	Distribute UE’s capability for PDCCH BD/CCE numbers in both CC and TRP domain.

	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.

For multiple PDCCH based multi-TRP/panel transmission, the maximum number of CORESETs per TRP can be defined as the maximum number of CORESETs per higher layer index.

	Panasonic
	For multi-PDCCH based multi-TRP operation, the maximum number of CORESETs associated with a single TRP should be same as in Rel. 15 i.e. 3 CORESETs.

	ATT
	RAN1 should study two stage design of PDCCH for multi-TRP.
RAN1 should study techniques to reduce the payload for resource allocation in the DCI at the same time giving full scheduling flexibility to the network.

	Huawei, Hisilicon
	Hash function for determining CCEs of PDCCH candidates shall be enhanced by introducing additional values for parameter Ap, such as {39828, 39840, 39853}, if more than 3 CORESETs are configured.
To reduce PDCCH determination complexity of UE, the PDCCH candidate overbooking rule/pseudocode in the Pcell is only applied to PDCCH candidates associated with CORESETs configured with the smallest value of higher layer signaling indexes.






· HARQ process enhancements 
	Company
	Comments

	Ericsson
	The total number of HARQ processes per PDSCH_Config is maintained un-changed (maximum 16).

	ZTE
	The total number of HARQ processes should be split into two groups which correspond to two TRPs respectively.

	DOCOMO
	For multi-panel/TRP transmission for eMBB,
	Support the same HARQ entity for multi-panel/TRP transmission.
	Support the increased HARQ process number per HARQ entity for multiple PDCCH based multi-panel/TRP transmission.

	China Telecom
	For multi-DCI based multi-TRP/panel transmission, support to increase the number of HARQ processes to 32.

	Spreadtrum
	For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, support to increase the maximal number of HARQ processes to 32.

	Huawei, Hisilicon
	The UE shall use both HARQ process number indication and associated higher layer signaling index per CORESET to distinguish specific HARQ process.




· Scrambling sequences
	Company
	Comments

	ZTE
	CORESET group index 0 and 1 are associated with the first and second dataScramblingIdentityPDSCH respectively.

	Vivo
	Multiple dataScramblingIdentityPDSCH are associated with TRPs one to one in the order of the configured CORESET group indices.

	OPPO
	For PDSCH scrambling, each dataScramblingIdentityPDSCH in PDSCH-config is associated with a CORESET group identified by higher layer signalled index and adopted to PDSCHs scheduled by the COPRESET group.

	Samsung
	Revisit PDSCH scrambling issue after stabilizing higher layer parameter(s) representing TRP(s).

	Ericsson
	Two different PDSCH scrambling identities is automatically supported due to the reuse of the CA framework for multi-DCI based NCJT where two ServingCellConfigs are used with each having a PDSCH-Config, that contains the dataScramblingIdenti-tyPDSCH

	Nokia
	For M-DCI NCJT PDSCH scrambling sequences, RAN1 shall consider future proof design considering possible extensions on coordination sizes and no configuration for multiple dataScramblingIdentityPDSCH.

	Qualcomm
	A configured dataScramblingIdentityPDSCH is associated with a higher layer index as part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher-layer index.

	CATT
	
the association between dataScramblingIdentityPDSCH and PDSCH can be achieved according to the higher-layer signalling index. That is, the PDSCH scheduled by the CORESET with lower higher-layer signalling index can be associated with the first.

if the scrambling ID is not configured, for both PDSCHs from the coordinated TRPs.

	LG
	A higher layer index defined in CORESET is used to associate scrambling IDs with TRPs, not only to separate A/N codebook.

	Lenovo
	Multiple dataScramblingIdentityPDSCH are configured if multiple CORESET groups are configured and each dataScramblingIdentityPDSCH is associated with one CORESET group.

	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.

	Apple
	Each dataScramblingIdentityPDSCH could be associated with the CORESET group index for the scheduling PDCCH.

	Huawei, Hisilicon
	When two dataScramblingIdentityPDSCHs are configured, each of them is associated with the value of higher layer signaling index configured per CORESET.



· CRS rate matching
	Company
	Comments

	Qualcomm
	A configured CRS patterns is associated with a higher-layer index as part of RRC configuration and is applied to the PDSCH scheduled with a DCI detected on a CORESET with the same higher-layer index.

	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

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

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

	OPPO
	For rate matching of CRS, each CRS pattern is associated with a CORESET group identified by higher layer signalled index and adopted to PDSCHs scheduled by the COPRESET group.

	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

	Ericsson
	If a list of lte-CRS-ToMatchAround is added to ServingCellConfig in the TEI-16 work of DSS, then PDSCH rate matching applies around the LTE CRS configured by the associated ServingCellConfig only.

	Nokia
	With the dynamic spectrum sharing taken into account, supporting separately N TRPs in space and M narrower bandwidth LTE carriers within a single wider bandwidth NR carrier (i.e. RRC should be able to support a total of M x N LTE CRS rate matching patterns within a single NR carrier), where
•	N is up to 4
•	M is FFS and to be determined by the dynamic spectrum sharing.

For multi-DCI based multi-TRP/panel transmission, PDSCH is rate matched around LTE CRS pattern (or multiple patterns if multiple LTE CRS patterns within NR carrier is applied) separately for each TRP. 
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 scenario.  
· PDSCH is rate matched around the union of LTE CRS patterns. 

	CATT
	the same rate matching mechanism for CRS can be applied to both multiple and single-DCI cases.

	Lenovo
	Up to 3 CRS patterns can to be configured for PDSCH rate matching. 
CRS rate matching applies per PDSCH, for both multi-PDCCH scheduled PDSCH and single-PDCCH scheduled PDSCH. 

	DOCOMO
	For LTE CRS, rate matching is performed around multiple CRS patterns per PDSCH.

	Intel
	Consider LTE CRS rate matching for both single and multi-DCI NC-JT/DPS. Consider incorporating RateMatchPatternLTE-CRS as part of RateMatchPattern IE. For single-DCI based NC-JT consider associating a CRS pattern to a TCI state.

	Apple
	For the association between lte-CRS-ToMatchAround and PDSCH, a unified solution for both single-DCI mode and multi-DCI mode should be supported.

	Huawei, Hisilicon
	For both M-DCI and S-DCI based M-TRP/panel transmission, 
•	the UE shall rate match around pre-configured CRS pattern(s) for a PDSCH scheduled by a PDCCH which can determine those CRS pattern(s) by the CORESET index;
•	the UE shall determine the DMRS symbol location for each scheduled PDSCH according to pre-configured CRS pattern(s) associated with that PDSCH.



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

	Huawei, Hisilicon
	Proposal 10: For single-DCI based NCJT transmission, at least for eMBB, support following new entries in addition to Rel-15 legacy entries, which are enabled when the TCI code point indicates more than one TCI states: 
· DMRS ports {1,2,3} with 2 CDM groups without data, for DMRS type 1 with single front-loaded symbol 
· DMRS ports {1,2,3} with 2 CDM groups without data and {0, 2} with 3 CDM groups without data,  for DMRS type 2 with single front-loaded symbol 
Proposal 11: For single PDCCH based NCJT transmission, support MU pairing cases, i.e., M-TRP UE and S-TRP UE, and M-TRP UE and M-TRP UE.


	VIVO
	For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.


	ZTE
	Proposal 1: Support two front-loaded DMRS symbols for NCJT.
Proposal 2: 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 
· Other entries can be further discussed
Proposal 3: For NCJT transmission which is based on single PDCCH, at least support entries listed in Table 2.1-2 in the case when dmrs-Type=2, maxLength=2 
· Other entries can be further discussed
Proposal 4: 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, 
· Indicated DMRS port(s) in one allocated CDM group corresponds to the first/second TCI state, the remaining indicated DMRS port(s) corresponds to the second/first TCI state.

	OPPO
	Proposal 19: No additional layer combination from two TRPs is supported for single CW case.
Proposal 20: Additional entry in antenna port indication table to support layer combinations of two CWs is not needed.

	MTK
	Proposal 1: Layer combination with 1+3 or 3+1 layers is not supported in Rel-16 for single-DCI based multiple-TRP transmission.  

	Samsung
	Proposal 8. Consider the following design principles for DMRS port indication
· If the use cases of 1+3 or 3+1 are fairly proven, support a few pairs of 3+1 indications, e.g. DMRS ports {0, 1, 4, 6} for DMRS configuration type 1 and DMRS ports {0, 1, 6, 8} for DMRS configuration type 2
· Otherwise, do not support 1+3 or 3+1 in Rel-16
· Do not support MU and NC-JT simultaneously
· No enhancements on two CWs for the case of total layers of NCJT reception more than 4 in Rel-16
Proposal 9. Use Table 1, Table 2, Table 3, and Table 4 when the UE received Rel-16 TCI activation MAC CE.

	CATT
	Proposal 1: it’s not necessary to support the allocation of DMRS ports across CDM groups for all the numbers of front-load DMRS symbol.
Proposal 2: MU-MIMO is not necessarily to be considered in NC-JT.
Proposal 3: DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed.
Proposal 4: for 2 codewords case in Table 7.3.1.2.2-2 (configuration type=1, DL-DMRS-max-len=2) of 38.212:
· Reorder 0-4 to 2,3,0,1,4
· Reorder 0,1,2,3,4,6 to 2,3,6,0,1,4
· Reorder 0,1,2,3,4,5,6 to 2,3,6,0,1,4,5
· Reorder 0,1,2,3,4,5,6,7 to 2,3,6,7,0,1,4,5
Proposal 5: for 2 codewords case in Table 7.3.1.2.2-4 (configuration type=2, DL-DMRS-max-len=2) of 38.212:
· Reorder 0,1,2,3,6 to 2,3,0,1,6
· Reorder 0,1,2,3,6,8 to 2,3,8,0,1,6
· Reorder 0,1,2,3,6,7,8 to 2,3,8,0,1,6,7
· Reorder 0,1,2,3,6,7,8,9 to 2,3,8,9,0,1,6,7
Proposal 7: not all the rank combinations are needed in DMRS port allocation. To be more specific, 1+3 and/or 3+1 are not necessary.

	Intel
	Proposal-6: For DMRS antenna port indication, consider the entries in Tables 1-4 in addition to the Rel-15 DMRS antenna port indication tables for single-DCI multi-TRP reception.

	LGE
	Proposal #2: Considering asymmetric rank between two TRPs, layer combinations which are 1+3 and 3+1 should be supported.
Proposal #3: DMRS port indices for 2 CW transmission should be reordered to ensure different TRP transmits different CW.

	Lenovo
	Proposal 14: Design new DMRS tables for single-PDCCH scheduled PDSCH in R16.
Proposal 15: The DMRS tables for single-PDCCH scheduled multi-TRP PDSCH transmission should support both SU-MIMO and MU-MIMO. 
Proposal 16: Further study the DMRS indicators in Table 2 for single-PDCCH scheduled multi-TRP PDSCH transmission.

	China Telecom
	Proposal 7: New DMRS tables for antenna ports indication are needed for single-PDCCH based multi-TRP/Panel transmission.
Proposal 8: 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.

	Spreadtrum
	Proposal 12: For single-PDCCH based NC-JT transmission, support to configure dedicated DMRS table.
Proposal 13: For the principles for DMRS port indication design for NC-JT transmission based on single-PDCCH multi-TRP, at least for eMBB
· For MU-MIMO case, support MU paring between NCJT UE and S-TRP UE, and not support MU paring between NCJT UE and NCJT UE;
· For asymmetric scheduling, the difference value of layers for different links should not exceed 1, e.g., not supporting 1+3 and/or 3+1;
· Support two CWs, with some limitation on the total layers, e.g, the total layers should be less than 7

	Panasonic
	Proposal 12: For single-PDCCH based multi-TRP/panel transmission, enhancements related to DMRS port indication should be specified in NR Rel. 16.
Proposal 13: For single-PDCCH based multi-TRP/panel transmission, if new DMRS port indication tables are agreed to be supported, then TCI code-point should be used to implicitly indicate the use of new tables
· when more than two TCI states are indicates by the TCI code-point in the DCI, then it should imply the usage of new tables, other Rel. 15 tables.
Proposal 14: For single-PDCCH based multi-TRP/panel transmission, number of layers/UE for each DMRS configuration type and length should not exceed the current limitation in Rel. 15 tables:
· 4 layers/UE for 1-symbol length DMRS for configuration type 1 
· 6 layers/UE for 1-symbol length DMRS for configuration type 2
· 8 layers/UE for 2-symbol length DMRS for both configuration type 1 and 2
Proposal 15: For single-PDCCH based multi-TRP/panel transmission, the port number associated with each TRP should belong to different CDM groups i.e. no two ports from the same CDM group should be assigned to different TRPs
Proposal 16: For single-PDCCH based multi-TRP/panel transmission, for MU-MIMO port mapping, always use a different CDM group for different UEs, whenever possible.
Proposal 17: For single-PDCCH based multi-TRP/panel transmission, up on agreeing the high level principles, combinations for following categories should be discussed sequentially:
· DMRS configuration type 1, 1-symbol length
· Up to 4 layers, SU-MIMO
· Up to total 4 layers, MU-MIMO
· DMRS configuration type 2, 1-symbol length
· Up to 6 layers, SU-MIMO (up to 4 layers for single codeword)
· Up to 6 layers, MU-MIMO
· DMRS configuration type 1, 2-symbol length
· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)
· Up to total 8 layers, MU-MIMO
· DMRS configuration type 2, 2-symbol length
· Up to 8 layers, SU-MIMO (up to 4 layers for single codeword)
· Up to total 12 layers, MU-MIMO

	Ericsson
	[bookmark: _Toc16846724]Add one row to the DMRS Type 1 antenna port indication table using ports 0,2,3 to allow for scheduling (1,2) layers in the two CDM groups respectively
[bookmark: _Toc16846725]MU-MIMO is not considered in DMRS port allocations for NC-JT.

	Apple
	Proposal 2: Do not support DMRS port combination 1+3 and 3+1.

	DCM
	· For single PDCCH based multi-TRP/panel DMRS port indication:
· For single CW and SU case, layer combination (1,3) and (3,1) are not supported.
· Support MU cases between NCJT UE and NCJT UE, and between NCJT UE and S-TRP UE.
· Two CWs for the case of total layer of NCJT reception more than 4 can be deprioritized in Rel.16.

	Nokia
	Proposal 2: For single PDCCH based multi-TRP transmission, support both DM-RS type 1 and type 2.
Proposal 3: For single PDCCH based multi-TRP transmission, no additional restriction is needed on the number of layers (i.e. up to 8 layers for SU-MIMO). 
Proposal 4: For single PDCCH based multi-TRP transmission, consider only SU-MIMO when deciding the DMRS port mapping at least in Rel-16.
Proposal 5: For DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, DMRS entries of 1+3 and/or 3+1 are not needed. 
Proposal 6: For DMRS port indication design for NCJT transmission based on single-PDCCH multi-TRP, additional DMRS entries to handle two codeword scenario is not required. 
Proposal 7: 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. 
Proposal 8: For single PDCCH based multi-TRP transmission, the new DM-RS port mapping is applied for the eMBB scenario, and DM-RS port mapping for URLLC should be designed separately. 

	QC
	[bookmark: p1]Proposal 1: For layer combination 1+2 for single-DCI based multi-TRP, support including DMRS ports entry {2;0,1} with 2 CDM groups w/o data with single front loaded DMRS symbol for DMRS type=1 and 2; and max length=1 and 2.
[bookmark: p2]Proposal 2: For antenna ports indication of single-DCI based multi-TRP (SDM case), rank combinations 1+3 or 3+1, and MU-MIMO are not supported. 
[bookmark: p3]Proposal 3: 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.

	NEC
	Proposal 1: Introduce a new DMRS table when two TCI states are mapped to one TCI code point.
Proposal 3: In new DMRS tables, same DMRS port indices with different order should be included to support dynamic changing of correspondence between DMRS ports and TCI state. 
Proposal 4: MU pairing cases for multi-TRP transmission should be supported, 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, or UE1 from TRP1 and TRP 2 and UE 2 from TRP 2 should be supported..
Proposal 5: Additional entries should be introduced to indicate co-scheduled information for MU cases under multi-TRP transmission. 



· TCI state/QCL Indication enhancement for PDCCH and/or PDSCH  
	Company
	Comments

	Huawei, Hisilicon
	[bookmark: OLE_LINK10]Proposal 13: If two TCI states are indicated by a TCI code point, support a fixed mapping rule between TCI states and CDM group(s):
· If all indicated DMRS ports are from one CDM group, only one of two TCI states is valid, e.g., if DMRS ports from CDM group 0 is indicated then only the first TCI state is applied from the UE perspective, otherwise the second TCI state is applied;
· If indicated DMRS ports are from multiple CDM groups, the first CDM group among indicated groups is mapped to the first TCI state and the rest CDM group(s) is mapped to the second TCI state.

	VIVO
	For multi-TRP transmission scheduled by single PDCCH in eMBB scenario, 
· For DMRS type 2, maximum 2 CDM groups are indicated by the antenna port field in DCI.
· For both DMRS type 1 and DMRS type 2, if 2 TCI states are activated within a TCI code point, 
· When 2 CDM groups are indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the 1st indicated CDM group, and the 2nd TCI state is always corresponding to the 2nd indicated CDM group.
· When only 1 CDM group is indicated by the antenna port field in DCI, the 1st TCI state is always corresponding to the indicated CDM group, and the 2nd TCI state is useless.

	ZTE
	Proposal 4: 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, 
· Indicated DMRS port(s) in one allocated CDM group corresponds to the first/second TCI state, the remaining indicated DMRS port(s) corresponds to the second/first TCI state.

	OPPO
	Proposal 15: 3 bits TCI field is sufficient to support single PDCCH based multiple TRP/panel transmission.
Proposal 16: When 2 TCI states are activated within a TCI code point and two CDM groups are configured, the (k+1)th TCI state corresponds to CDM group k where k=0,1.
Proposal 17: If three CDM groups are supported for single DCI based NC-JT, and 2 TCI states are activated within a TCI code point, the 1st TCI state is applied to CDM group 0, while the 2st TCI state is applied to CDM group 1 and 2.
Proposal 18: 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 CDM group index;
· If multiple CDM groups are indicated in DCI, the UE applies both TCI states.

	MTK
	Proposal 2: In the case that multiple DCIs schedule PDSCHs intended for a UE in a given slot, at least for eMBB, the UE can ignore the PDSCH scheduled by a DCI indicating more than one TCI-state. 

	CATT
	Proposal 6: with additional entries in DMRS tables, the following alternatives can be used to support flexible rank combination.
· Alt. 1: fix the mapping between TCI state and CDM group(s), and introduce more entries in DMRS table indicating different combinations of port numbers from different CDM groups. 
· Alt. 2: predefine the mapping rule for each entry in the DMRS table, and include more entries corresponding to different mapping rules.
Proposal 8: depending on the cluster size, extension the number of TCI codepoints can be considered.

	Intel
	Proposal-5: For case of Type 2 DMRS and two activated TCI states, if 3 CDM groups are supported, consider an implicit mapping rule between the TCI states and the CDM groups e.g., the first and second CDM group correspond to the first configured TCI state and the third CDM group corresponds to the second configured TCI state.

	LGE
	Proposal #1: Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, the first/second TCI state corresponds to DMRS port(s) contained in CDM group #0/#1, respectively. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2.

	China Telecom
	Proposal 9: For both DMRS type 1 and DMRS type 2, when 2 TCI states are activated within a TCI code point and 2 CDM groups are configured, the first TCI state is associated with CDM group 0 and the second TCI state is associated with CDM group 1.
Proposal 10: 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.
Proposal 11: For single-PDCCH based multi-TRP/Panel transmission, there is no need to increase the size of TCI field in DCI.

	Panasonic
	Proposal 11: For TCI state configuration in order to enable one or two TCI states per a TCI code point, either the number of bits of TCI field in DCI is not increases or if really needed, at most the number of bits is increased by one bit i.e. resulting in TCI field in DCI to be up to 4 bits long.

	Ericsson
	[bookmark: _Toc4495555][bookmark: _Toc16846721]When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are indicated by a TCI code point, the first and second TCI state corresponds to CDM group λ=0,1 respectively. 

[bookmark: _Toc4495556][bookmark: _Toc16846722]When a single DMRS CDM group is indicated by antenna port indication table, the first TCI state in a code point with two TCI states is used for the scheduled PDSCH. 

[bookmark: _Toc16846723]When three DMRS CDM group is indicated by antenna port indication table, and the indicated TCI code point has two TCI states, then the UE can ignore the DCI

	ATT
	Proposal 1:  TCI payload should be kept same as that of Release 15 TCI in the DCI

	Xiaomi
	Proposal 2: It is necessary to support MAC activation of one TCI state per TRP for PDCCH reception.
Proposal 3: More than one default c state for PDSCH reception should be supported.

	DCM
	Proposal 2-1:
· For single PDCCH design for eMBB, 
· The maximum number of RRC configured TCI states is the same as Rel.15.
· The maximum number of activated TCI states is increased to 16.

	Nokia
	[bookmark: _Hlk16753989]Proposal 1: 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. 

	NEC
	Proposal 2: For DMRS type 2, when 2 TCI states are activated within a TCI code point, each TCI state corresponds to one or two CDM groups, and if one TCI state corresponds to two CDM groups, the other TCI state only corresponds to the remaining one CDM group. 





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 14: For M-TRP based URLLC schemes 2a and 2b, allocating frequency resources to up to 2 TRPs according to one of options for downlink resource allocation Type 0 and 1: 
· For downlink resource allocation type 0:
· Option 1: Comb-like frequency resource allocation, e.g. sequentially allocate the bitmap of resource allocations into TRPs in an interleaved manner
· Option 2: RBG set indication, e.g. each bit of the bitmap indicates two consecutive RBGs
· For downlink resource allocation type 1:
· Option 1: Comb-like frequency resource allocation, e.g. VRBs are mapped to pre-allocated PRBs which are sequentially allocated into TRPs in an interleaved manner
· Option 2: the same number of consecutive VRBs with different starting RB index for each TRP. A relative offset between two sets of VRBs can be indicated whereas the first and second sets are allocated to TRP1 and TRP2 respectively.
Proposal 15: For M-TRP based URLLC schemes 2a, support up to 2 transmission layers.
Proposal 16: For M-TRP based URLLC schemes 2a and 2b, support dynamic differentiation of schemes 2a and 2b by DCI.
Proposal 17: For M-TRP based URLLC schemes 2a and 2b, support up to 2 TCI-states per TCI code point. 
Proposal 18: For M-TRP based URLLC scheme 3, the number of repetition occasions of mini-slot is indicated by a higher layer signalling, and also upper bounded by corresponding slot boundary per slot.
Proposal 19: For M-TRP based URLLC schemes 3 and 4, support up to 2 TCI states in one TCI codepoint which are associated to different transmission occasions according to a pre-defined mapping order, e.g. sequentially mapping TCI state(s) indicated by that codepoint into actual repetition occasions in an interleaved manner.

	Vivo
	Proposal 1:Multi-TRP-based PDSCH repetition for DL URLLC can follow the discussion on PUSCH enhancements for URLLC with specific issues related to multi-TRP-based PDSCH repetition, including
•Time domain number of PDSCH repetitions configuration or indication
•Splitting of a repetition across the slot boundary or DL/UL switching point
•TBS determination when a repetition is split, etc.
Proposal 2:	
•The number of TCI states across PDSCH repetitions is up to 2.
•There is no minimal gap between PDSCH mini-slot/slot groups.
•Support channel estimation interpolation across mini-slots/slot with the same TCI index
•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 repetitions can be configured by higher layer signaling to map 2 TCI states to different repetitions.
Proposal 3: Multi-DCI based PDSCH repetition schemes should be enabled for multi-TRP based URLLC transmission.
Proposal 4: Support transmitting the same TB from two TRPs with the same HARQ process ID with NDI un-toggled.
•For simultaneously received PDSCHs, UE could perform soft combination of the two PDSCHs.
•UE may feedback a combined HARQ-ACK based on the indicated PUCCH resources in the scheduling DCI.
Proposal 5: For transmission scheme indication, a complete and clean solution with minimal signaling modifications satisfying following design targets is highly desired:
•Dynamic scheme indication out of multiple transmission schemes
•Dynamic indication of mini-slot repetition number
•Support of combination of time domain repetition schemes and other schemes
Proposal 6: For scheme 2a or 2b FDRA indication, the frequency domain resources are evenly distributed among TRPs with unchanged DCI field size for both FDRA type 0 and type 1.

	ZTE
	Proposal 19: For scheme 2a and 2b
· The maximum number of TCI states per TCI codepoint in DCI is 2.
· The scheduled RBGs for resource allocation type 0 or RBs for resource allocation type 1 are equally split for the two TRPs.
· The first RB set can be associated with the first TCI state in the DCI-indicated TCI codepoint, and the second RB set can be associated with the second TCI state in the DCI-indicated TCI codepoint.
· Single MCS value for all allocated RBs.
· The number of layers should be the same on all allocated RBs.
· One or two DMRS ports should be supported.
Proposal 20: For scheme 3 and 4, the maximum number of TCI states per TCI codepoint in DCI across all repetitions is 2.
· 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 21: For scheme 3, the maximum number of repetition is 2
· If one TCI state is indicated, intra-slot repetition is not supported. 
Proposal 22: 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 23: Support FDM+TDM and SDM+TDM. 
Proposal 24: Support dynamic switching among TDM, FDM+TDM and SDM+TDM. 
Proposal 25: Support multi-DCI based PDSCH repetition. 

	Interdigital
	Proposal 1: RAN1 considers use of multi-dimensional modulation for URLLC and Multi-TRP transmissions.

	Fujitsu
	[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Proposal 4: In scheme 3&4 for URLLC, up to 2 TCI states across PDSCH repetitions are preferred.

	Oppo
	Proposal 22: Only single layer transmission is supported for scheme 3/4.
Proposal 23: For scheme 3/4, the number of repetitions is indicated via higher layer as in Rel-15.
Proposal 24: For scheme 3/4, the Rel-15 signaling is reused to indicate the physical resource for the first repetition, while the other repetitions occupy following consecutive symbols/slots with the same duration for all repetitions.
Proposal 25: Do not introduce gap between mini-slot/slot groups for PDSCH repetition.
Proposal 26: UE is not expected to be configured with a PDSCH repetition across slot boundary or in an uplink symbol.
Proposal 27: At most 2 TCI states (corresponding to 2 TRPs) can be assigned for scheme 1-4, while the number of repetitions can be larger than 2 for TDM based scheme.
Proposal 28: 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 29: The RV sequence for multiple repetitions depends on the number of TCI states indicated in DCI
-If one TCI state is indicated, scheme 3 and 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.

	Samsung
	Proposal 15: Support flexible RB allocation per repetition for scheme 2a and 2b
Proposal 16: 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 17: Support independent MCS selection for each TRP at least for multi-DCI based FDM scheme with repetition
Proposal 18: LDPC base graph and TBS shall be same across repetition.
Proposal 19: For single-DCI based M-TRP URLLC schemes 3 & 4,
· The maximum number of transmission layers per transmission occasion is 1
· The number of repetitions is configured by higher layer
· Support additional RV sequences, such as {0, 0, 0, 0} and {0, 3, 0, 3}, in addition to Rel-15 RV sequences.

	CATT
	Proposal 21: support scheme 1b same as for FDM 2b, especially in FR2.
Proposal 22: support up to 2-layer transmission for SDM/FDM/TDM transmission schemes.
Proposal 23: at most 2 TCI states indicated in a TCI codepoint can be assigned for SDM/FDM/TDM transmission schemes.
Proposal 24:  flexible combination of rank from different TRPs needs to be considered, if multi-layer transmission is possible for each TRP.
Proposal 25: combined transmission schemes, such as FDM+TDM and SDM+TDM, can be considered for URLLC.
Proposal 26: from DMRS port allocation perspective, to support URLLC transmission, no addition entries are needed.
Proposal 27: eMBB and URLLC can be supported with different mapping rules between TCI state and CDM group/resource. 
Proposal 28: the following mapping rules depending on the number of non-overlapped resource allocations/time-domain transmission occasions 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, in each resource allocation/time-domain transmission occasion, one of the TCI states is mapped to the allocated CDM group for that UE. With this alternative, if multiple non-overlapped time/frequency resources are allocated, TDM and FDM based URLLC transmission can be supported. For eMBB, only one TCI state is used. 
· For the case 2 TCI states are indicated, and 2 CDM groups are allocated to the UE, each of the TCI states is mapped to one of the CDM groups. That is, such case applies to eMBB and SDM only.
Proposal 29: pre-defined mapping table added as new entries to the DMRS table to indicate the mapping between TCI states and DMRS port sets for URLLC.
Proposal 30: for FDM schemes, PRB bundling can be applied to enhance the channel estimation performance within allocated consecutive RBs of certain TRP, and the bundling size can be selected among the set{2, 4, Rn}, Rn is the number of the consecutive RBs for one certain TCI state n, n=0 or 1
Proposal 31: for FDM schemes, if PRG size is set to 2 or 4, allocated RBs can be split with certain pre-defined rules at least in PRG level grid without additional DCI impact on FD-RA indication.
Proposal 32: for TDM repetitions, the maximum number of repetitions Kmax can be 8 , configured via higher layer as in Rel-15.
Proposal 33: for TDM scheme 3, transmissions can be configured across slots to achieve a better performance.
Proposal 34: for TDM schemes, time-domain bundling can be applied to enhance the channel estimation performance  within the consecutive mini-slots/slots of certain TCI state.
Proposal 35: RRC signalling +DCI indication of RV for different transmission schemes 
•RRC signalling to indicate whether one RV or two RVs are to be transmitted in DCI
•Extend the current DCI field for rvid to support the indication of two rvid1 and rvid2
Proposal 36: support Rel-15 sequences at least, and additional RV sequences, such as {0,0,0,0} , {0,3,0,3},{0,3,2,1} can also be considered.
Proposal 37: RV sequence applied to the UE is mapped per TRP (TCI state).
Proposal xx: up to 2 RV sequences can be configured  via RRC signalling to enable the mapping of up to 2 TCI states, the 2 RV sequences can be the same or different, the RV sequence configured from RRC can be considered as the basic RV sequences.
Proposal 38: RV sequence per TRP (or TCI state) can be obtained with the offset value applied for each basic RV sequence. Up to 2 rv_offset can be indicated separately in DCI.     

	Intel
	Proposal-14: Support up to 2 layer transmission per transmission occasion for schemes 3, 4
Proposal-15: Consider 2 TCI states across PDSCH repetitions for schemes 3, 4
Proposal-16: Consider TDRA design for schemes 3, 4 to extend to schemes 1a, 2a, 2b as well as single TRP for PDSCH aggregation over multiple slots (need not switch TRP as in schemes 3, 4).
Proposal-17: Consider configuring multiple SLIV sequences and dynamically indicating a SLIV sequence for TDRA (naturally including repetition factor)
Proposal-18: Consider separate FDRA from different TRPs for schemes 2a, 2b
Proposal-19: TBS determination based on initial transmission is not optimal. A long repetition may be better suitable for TBS determination. Revisit TBS determination after TDRA progress is achieved.
Proposal-20: A fixed RV sequence is not optimal. Some limited configurability of RV sequence per TRP may be beneficial. Further study RV sequence determination after TDRA progress is achieved.
Proposal-21: 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 #5: In scheme 2a, TCI states are alternately mapped to scheduled PRBs in unit of a PRG set, where the size of the PRG set is configured by gNB.
Proposal #6: For scheme 3 and 4, maximum 2 TCI states are supported.
Proposal #7: For scheme 3 and 4, higher layer configuration for the number of repetition is supported in the same way as slot repetition in Rel-15.
Proposal #8: For the case that there is difference between the total number of transmission occasions and the number of the TCI states, both full shuffling mapping and sequential mapping are supported. 
-Full shuffling mapping: the TCI states are fully shuffled in overall transmission occasions
-Sequential mapping: each TCI state is mapped to a group of contiguous multiple transmission occasions
Proposal #9: In scheme 3, channel interpolation across transmission occasions corresponding the same TCI state can be considered, and DMRS reduction or DMRS pattern switching across transmission occasions can be considered.
Proposal #10: For time domain resource allocation for scheme 3 and 4, each repeated transmission occasion is the same size as the symbol duration indicated in DCI for the 1st transmission occasion and is sequentially concatenated with gap symbol(s) in between after 1st transmission occasion.
Proposal #11: For scheme 3 and 4, support gap symbol(s) between different transmission occasions.

	Lenovo
	Proposal 21: Strive for commonality between the time-domain resource allocation design of PDSCH repetitions  and  time-domain repetition of PUSCH in the Rel-16 eURLLC PUSCH enhancement AI.
Proposal 22: TDRA field in the DCI indicates the resource for the first “nominal” repetition. Time domain resources for the remaining repetitions is derived based at least on the resources for the first repetition (same number of symbols) and the UL/DL direction of the symbols.
Proposal 23: Dynamic indication of the number of PDSCH repetitions the scheduling DCI by jointly coding in the TDRA table as an additional parameter for the indexed row.
Proposal 24: If a “nominal” repetition of a PDSCH transmission occasion goes across the slot boundary or DL/UL switching point, the “nominal” repetition is split into multiple PDSCH repetitions, with one PDSCH repetition in each DL period in a slot.
Proposal 25: Conflict with semi-static configured UL symbol(s) are assumed to be not valid symbols for PDSCH mapping. 
Proposal 26: Conflict with SFI-indicated UL symbol(s), PDSCH is assumed to be punctured in those symbols.
Proposal 27: Single orphan symbol (at the end of slot) is included in the previous PDSCH repetition.
Proposal 28: No minimal gap restriction between PDSCH mini-slot/slot groups is needed.
Proposal 29: Support up to 4 TCI states across PDSCH repetitions. One TCI codepoint can indicate the up to 4 TCI states. 
Proposal 30: Map indicated TCI states cyclically to the transmission occasions.  For N indicated TCI states, the TCI state for the nth transmission occasion is . 
Proposal 31: 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 32: Reuse Rel-15 base RV sequence 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 33: 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.
Proposal 34: The maximal number of transmission layers per transmission occasion is up to two layer transmission.

	Qualcomm
	Proposal 21: For the FDM schemes (2a/2b), the FDRA field in the DCI indicates RB allocation corresponding to both TCI states. 
Proposal 22: For schemes 2a/2b, RB assignment per TCI state from the allocated RBs is determined as
· 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.
Proposal 23: 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.
[bookmark: p24]Proposal 24: The maximum number of layers is two for scheme 2a.
Proposal 25: DMRS ports in schemes 2a/2b belong to one CDM group.
Proposal 26: The maximum number of TCI states is two for schemes 2a/2b. TCI states are indicated through a TCI codepoint in the DCI that corresponds to two TCI states.
Proposal 27: For schemes 3 and 4, one the following restrictions are required to reduce the UE complexity:
· Limit the TBS to 10 K bytes or
· Limit the rank to one, and in addition, define a limit for MCS (e.g. QPSK only).
Proposal 28: For schemes 3, more than one repetition per TCI state is not supported.
Proposal 29: For schemes 3 and 4, more than two TCI states are not supported. TCI states are indicated through a TCI codepoint in the DCI that corresponds to two TCI states.
Proposal 30: For schemes 3, all the repetitions are in a single slot as agreed in the description of scheme 3.
Proposal 31: TDRA indicated in the DCI applies to the first repetition, and the second repetition immediately follows the first repetition with the same length.
Proposal 32: Support dynamic switching between multi-TRP schemes.

	Ericsson
	Proposal 11: For Schemes 2a and 2b, the total resource allocation is signalled in DCI.
Proposal 12: For Schemes 2b, half of the total allocated  RBs indicated in DCI  are used for TBS determination.
Proposal 13: FDM Scheme 2b is supported where a single DCI can trigger multiple PDSCH transmissions (single CW per PDSCH).   
Proposal 14: Same MCS is applied to all TRPs in Scheme 2b.
Proposal 15: For URLLC, support FDM with up to at least four TCI states in the same slot. The maximum number of TCI states a UE can simultaneously handle in FDM case, is a UE capability where two is the baseline functionality.
Proposal 16	Support up to two layers transmission for TDM schemes
Proposal 17	Use the same dynamic mechanism for repetition indication for single and multiple TRPs
Proposal 18	Up to 4 TCI states are supported for Schemes 3 and 4
Proposal 19	Multiple RV sequences are configured and RV field in DCI is used to select one of the sequences.

	NTT DoCoMo
	Proposal 3-1:
Support at least up to 4 TRPs for multi-TRP for URLLC.
Proposal 3-2:
· For scheme 4, reuse time domain resource allocation mechanism in Rel.15.
· For scheme 3, time domain resource allocation mechanism in URLLC PUSCH can be considered as starting point.
· Same number of symbols should be indicated for each repetition.
Proposal 3-3:
For scheme 3 and scheme 4 with single DCI based multiple TRP for URLLC, 
· Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PDSCH repetitions
· RV sequence and TCI states are jointly indicated by one field in the scheduling DCI
· 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 is to indicate up to 4 TCI states and corresponding RV sequences.
Proposal 3-4:
Support dynamic indication of the number of transmission occasions.
Proposal 3-5:
The mapping from TCI states/RV sequence to transmission occasions is defined based on the following rule:
· 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 TCI states;
· For the nth transmission occasion among K repetitions, n=1, 2, …, K, it is associated with (mod(n-1, 4)+1)th value in the indicated RV sequence.


	Nokia 
	Proposal 36: Scheme 2a/2b does not apply different MCS/modulation orders for different non-overlapped frequency resource allocations. 
Proposal 37: For scheme 2a/2b, the maximal number of transmission layers per non-overlapping frequency allocation (each TRP) is up to two layers.
Proposal 38: For scheme 2a/2b, a new field in DCI shall be used to indicate both TCI state and corresponding frequency domain resource partition. In addition,  
· The maximum number of TCI states (Nf) within the single slot shall be 4. 
· Full resource allocation (FD/TD) shall be indicated based on Rel-15
· Multiple combinations for TCI states and corresponding frequency domain partition shall be pre-configured via higher layer signaling
· Codepoint in the new DCI field may trigger exact resource allocation split and TCI states associated with each partition.
Proposal 39: For scheme 2b, both RV field and the new field (the new field that indicates both TCI state and corresponding frequency domain resource partition) shall be used together to indicate RVs corresponding all TCI states.
Proposal 40: 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 41: The maximal number of transmission layers per transmission occasion, down-select Option 2: up to two-layer transmission. Here, “up to two layers: refers that either all TRPs use a single layer or two layers, not other combinations.
Proposal 42: An URLLC UE supported by scheme 3 or 4, UE is not expected to have overlapped transmissions from different TRPs due to indicated repetition pattern and/or allocated time resources.
Proposal 43: For scheme 3 and 4, the number of repetitions, can be higher layer configured as in Rel-15.  
Proposal 44: For scheme 3 and 4, time domain resource allocation, signaling mechanism shall be different from slot aggregation in Rel-15.
Proposal 45: For scheme 3 and 4, one TCI codepoint can indicate up to 4 TCI states.  
Proposal 46: RV sequences for PDSCH repetitions in scheme 3 and 4, RV sequences are preconfigured by higher layer without the restriction of specific orders in spec.

	Panasonic
	Proposal 18: For scheme 1 (space-division multiplexing), no further enhancements should be considered for NR MIMO Rel. 16.
Proposal 19: For scheme 2 (frequency-domain multiplexing), different time-domain symbols allocation should be de-prioritized in NR MIMO Rel. 16.
Proposal 20: For scheme 2 (frequency-domain multiplexing), allocation and association of PRBs to different TRPs should be done in multiple of PRGs, where:
-	equal distribution of PRGs is done when same MCS is applied to different TRPs
-	Unequal distribution of PRGs is done when different MCS is applied to different TRPs
Proposal 21: For scheme 3 and 4, a common unified solution in terms of time-domain resource allocation, indication of number of repetitions and association of transmission occasion to TRP should be considered.
Proposal 22: For scheme 3 and 4, PDSCH TDRA table is enhanced:
-	to indicate the association of each transmission occasion in repetitions to TCI states
-	to indicate the SLIVs for each repetitions and the total number of repetitions

	NEC
	Proposal 3: Support a pre-defined gap between PDSCH repetitions for Scheme 3 URLLC transmission at least for FR2.
Proposal 4: Support scheme 2b and 3 with one separate RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.

	Beijing Xiaomi
	Proposal 5: It is necessary to define a minimal gap between repetitions for TCI state changing.
Proposal 6: We prefer up to 2 TCI states across PDSCH repetitions.
Proposal 7: We prefer dynamic indication for PDSCH repetition indication mechanism and the same number of symbols for each repetition.

	Apple Inc.
	Proposal 6: For scheme 2a and 2b, to indicate independent MCS for each TRP should be supported.
Proposal 7: For scheme 3 and 4, up to 2 TCI states across PDSCH repetitions should be supported.
Proposal 8: For scheme 3 and 4, the RV sequences for PDSCH repetitions should be configured by higher layer signaling.

	Spreadtrum
	Proposal 14: For scheme 3 and 4, only support single layer transmission.
Proposal 15: The same number of symbols should be indicated for each repetition for scheme 3 and scheme 4.
Proposal 16: For scheme 3 and 4, a PDSCH reception is omitted if at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the slot is an uplink symbol
Proposal 17: For scheme 3 and 4, support Rel-15 RV sequences across the repetition occasion at least for FR1.
Proposal 18: For scheme 3 and 4, reusing R15 signaling mechanism of slot aggregation in Rel-15, including repetition number configuration.
Proposal 19: For scheme 1-4, up to 2 TCI states can be assigned.




· PDCCH Repetition
	Company
	Comments

	QC
	Proposal 33: For high reliability use case, support single DCI transmission over multiple TRPs.

	OPPO
	Proposal 31: URLLC enhancement for PDCCH/PUCCH can be considered in future release.

	Panasonic
	Proposal 23: For URLLC in Rel. 16 NR eMIMO with multi-TRP, repetition of multiple PDCCH transmission from different TRPs should be supported. For example:
- PDCCH1 which is scheduling PDSCH1 (from TRP1) is transmitted from both TRP1 and TRP2
- PDCCH2 which is scheduling PDSCH1 (from TRP2) is transmitted from both TRP2 and TRP1

	Samsung
	Proposal 20. Support beam sweeping for PDCCH without dynamic signalling.

	CATT
	Proposal 39:  consider repetition transmission of PDCCH. The baseline scheme can be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.

	Ericsson
	Proposal 20 The UE can be configured with a search space repetition set across N>1 CORESETs where the same search space is repeated in each CORESET. For a given PDCCH candidate, with a given DCI size, in one search space/CORESET there is a corresponding candidate in each search space in the repetition set of N. All corresponding candidates have the same DCI size and aggregation level.

	NTT Docomo
	Proposal 3-7:
· 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

	Panasonic
	Proposal 24: For URLLC in Rel. 16 NR eMIMO with multi-TRP, transmission (repetition) of joint ACK-NACK feedback to all the TRPs should be supported.

	QualComm
	Proposal 34: Study and specify PUCCH repetition / resource selection across multiple beams for enhanced reliability and robustness.

	CATT
	Proposal 41: 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.

	OPPO
	Proposal 31: URLLC enhancement for PDCCH/PUCCH can be considered in future release.



· PUSCH Repetition
	Company
	Comments

	Qualcomm
	Proposal 35: For high reliability use case, support PUSCH transmission over multiple panels/beams.

	OPPO
	Proposal 30: Multiple-TRP based diversity transmission for PUSCH can be considered in future based on the outcome of PDSCH enhancement and eURLLC WI.

	CATT
	Proposal 40: support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

	NTT DOCOMO

	Proposal 3-6:
· 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.

	Sharp
	Proposal:
· Support PUSCH repetition for URLLC reliability/robustness enhancement with multiple TRPs
· Framework of schemes 3, 4 for PDSCH with multi-TRP would be starting point;
· Outcome of discussion for PUSCH repetition should be reflected to gNB multi-TRP based PUSCH repetition; and
Outcome of discussion for configuration/indication for panel-specific UL transmission or updating pathloss reference RSs for power control should be reflected to gNB multi-TRP based PUSCH repetition.
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R1-1907706	Summary of AI: 7.2.8.2 Enhancements on Multi-TRP/Panel Transmission of Offline Discussion	Huawei, HiSilicon

7.2.8.2 Enhancements on Multi-TRP/Panel Transmission 
R1-1908066	Enhancements on multi-TRP/panel transmission	Huawei, HiSilicon
R1-1908166	Remaining issues on multi-TRP/Panel transmission	vivo
R1-1908191	Enhancements on Multi-TRP and Multi-panel Transmission	ZTE
R1-1908232	On the Performance of Multi-TRP/Panel Transmission	InterDigital, Inc.
R1-1908323	Enhancements on multi-TRP transmission	Fujitsu
R1-1908351	Enhancements on multi-TRP and multi-panel transmission	OPPO
R1-1908379	Enhancements on Multi-TRP/Panel Transmission	MediaTek Inc.
R1-1908501	Enhancements on multi-TRP/panel transmission	Samsung
R1-1908602	Considerations on multi-TRP/panel transmission	CATT
R1-1908653	On multi-TRP/multi-panel transmission	Intel Corporation
R1-1908699	Enhancements on multi-TRP/panel transmission	LG Electronics
R1-1908720	Discussion of multi-panel/TRP transmission	Lenovo, Motorola Mobility
R1-1908783	Considerations on Multi-TRP/Panel Transmission	Sony
R1-1908856	Discussion on multi-TRP operation	NEC
R1-1908869	Discussion on multi-TRP/panel transmission	CMCC
R1-1908885	Discussion on Multi-TRP/Panel Transmission enhancements	China Telecommunications
R1-1908958	Discussion on Multi-TRP transmission	Spreadtrum Communications
R1-1908972	On multi-TRP enhancements for NR MIMO in Rel. 16	Panasonic
R1-1908990	On multi-TRP and multi-panel	Ericsson
R1-1909047	Remaining Issues for multi-TRP operation	Apple Inc.
R1-1909075	Enhancements on multi-TRP Transmission	AT&T
R1-1909105	Discussion on multi-TRP/panel techniques for URLLC	Sharp
R1-1909120	Enhancements on Multi-TRP/Panel Transmission	Beijing Xiaomi Electronics
R1-1909164	Discussion on multi-TRP/panel transmission	ITRI
R1-1909201	Enhancements on multi-TRP/panel transmission	NTT DOCOMO, INC.
R1-1909209	Enhancements on Multi-TRP/Panel Transmission	Nokia, Nokia Shanghai Bell
R1-1909272	Multi-TRP Enhancements	Qualcomm Incorporated
R1-1909380	Enhancements on Multi-TRP/panel transmission 	KDDI Corporation
R1-1909383	Enhancements on multiple TRP or panel transmission	ASUSTEK COMPUTER (SHANGHAI)

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 
· #1: 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. 
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