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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

For PDSCHs scheduled by multiple PDCCHs, a few restrictions were agreed in previous meetings, especially for full/partial overlapping PDSCHs, and there are several remaining restrictions under discussion. One of opening points for multiple PDSCHs is about BWP ID indicated in PDCCHs and associated BWP configuration. In Rel-15, DCI-based BWP switching is supported.  Based on our review, the majority view is that DCI-based BWP switching can be still feasible in multi-TRP transmission.  On the other hand, Nokia consider that dynamic BWP switching shall be turned off. Companies, e.g. Panasonic/Samsung, suggests that the same BWP can be ensured through TRP coordination. ZTE, DCM and OPPO consider that the UE can follow one of the DCIs.
Therefore we have the following proposal for further discussion:
[Draft for offline] Proposal 1:  
To ensure the same active BWP between multiple TRPs for receiving multiple PDSCHs, at least for eMBB,
· Alt1: Dynamic BWP switching is not allowed.	Comment by min zhang: Nokia, Fujitsu
· Alt2: the UE does not expect to receive two PDSCHs in the same slot with different BWP bandwidth configuration with respect to point A or different BWP starting position or different bandwidth, indicated by BWP indicators from PDCCHs.	Comment by min zhang: Panasonic, Samsung (?) , Fujitsu
· Alt 2: The UE does not expect to receive two PDSCHs in the same slot with different values of bandwidth part indicator for M-TRP
· Note that it has been agreed that the UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· Alt3: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped.	Comment by min zhang: Oppo, ZTE, MTK, Fujitsu
· Alt.4:  The UE just follows BWP part indicator from one of two PDCCHs and the Bandwidth part indicator field in the other PDCCH is not present. 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Deprioritize this issue. This is only one of conflicts due to multi-DCI indication. We have identified more multi-DCI conflicts in Tdoc. It may be better to discuss them in a patch.

	ZTE
	We have agreed the two PDSCH must be in the same active BWP. So the Alt.2 can be simplified as Alt.2: the UE does not expect to receive two PDSCHs in the same slot with different values of Bandwidth part indicator.
For atl.3, our intention is that UE just follows BWP part indicator from one of two PDCCHs. Then, the Bandwidth part indicator field in the other PDCCH is unnecessary.
So the three alternatives can be updated as follows
Alt.1: Dynamic BWP switching is not allowed;
Alt.2: The UE does not expect to receive two PDSCHs in the same slot with different values of Bandwidth part indicator
Alt.3:  The UE just follows BWP part indicator from one of two PDCCHs. The Bandwidth part indicator field in the other PDCCH is unnecessary.

	QC
	Alt2.
We do not think any spec change is needed. The constraint in the agreement “The number of active BWPs for a UE is 1 per CC” along with Alt2 (or the alternative proposed by ZTE) is enough. TRPs can coordinate either semi-statically (non-ideal BH) or dynamically (ideal BH) to ensure that. The UE behavior can be the same as Rel. 15. 

	OPPO
	If I understand correctly, the Alt.3 in ZTE’s comment is a completely different solution from the original Alt.3 in the summary. It should be another alternative though it is also OK to us. For example:
Alt.1: Dynamic BWP switching is not allowed;
Alt.2: The UE does not expect to receive two PDSCHs in the same slot with different values of Bandwidth part indicator
Alt3: When a UE is scheduled with PDSCHs simultaneously in different BWPs in the same CC via multiple PDCCHs, only one PDCCH is applied and the other PDCCH/PDSCH is dropped.  (Supported by OPPO, Samsung)
Alt.4:  The UE just follows BWP part indicator from one of two PDCCHs. The Bandwidth part indicator field in the other PDCCH is unnecessary. (Supported by OPPO, ZTE, MTK, Fujitsu)

	Ericsson
	In NR Rel-15, if a UE does not support active BWP change via DCI, the UE will ignore the Bandwidth part indicator field.  Hence, we prefer Alt.1 as it can already be achieved in Rel-15 (i.e., no support for dynamic switching of BWP) and is simpler. 

	LGE
	Support Alt 1 and support Alt 2 in principle.
In the last meeting, we made an agreement that the UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols. It means that network avoids scheduling the PDSCHs in different active BWPs and FFS is how to ensure the same active BWP between multiple TRPs. However, since Alt 3 is about UE behavior when different active BWPs are configured, it cannot be considered as alternative solution for the problem we address here.

	Intel
	We have similar understanding as QC above. We have agreement of one active BWP per CC and don’t think further agreement is necessary. The NW implicitly ensures consistency of BWP indicator in PDCCH as with so many other DCI fields.  

	Samsung
	Fine with the modified Alt.2, i.e. “Alt.2: The UE does not expect to receive two PDSCHs in the same slot with different values of Bandwidth part indicator”.

	DOCOMO
	We share the same view as OPPO that the Alt.3 in ZTE’s comment is different from the original Alt.3 in the summary. Our preference is to support Alt.3 in ZTE’s comments since this can be a unified solution for both ideal and non-ideal backhaul.

	Nokia
	Alt.1. May be this is not something we should discuss as a priority topic in Xi’an. 

	CATT
	We support Alt. 2. Based on semi-static coordination, the same active BWP between multiple TRPs for receiving multiple PDSCHs can be ensured current spec.
We also agree with Nokia and some other companies that this issue should not be treated as a priority one this meeting.

	MTK
	Support Alt 3 in ZTE’s comments: Alt.3: The UE just follows BWP part indicator from one of two PDCCHs. The Bandwidth part indicator field in the other PDCCH is unnecessary. However which PDCCH contains the BWP switch command, could be either one of them or fixed to a particular one, is not stated here. We prefer the BWP switch command is always from one TRP. 
Regarding the modified Alt 2: “Alt.2: The UE does not expect to receive two PDSCHs in the same slot with different values of Bandwidth part indicator”, it should be ok in ideal BH case, but in non-ideal BH case we expect BWP switch is then much less likely to happen.   

	Panasonic
	Support Alt. 2. We expect that no spec change is needed with this alternative and it is up to the network coordination such that always same BWP indicator is sent by both TRPs. We are also fine with updates text provided by Samsung,

	vivo
	We would like to support Alt.1 or Alt.3 (OPPO and DCM’s version).
For those companies who support Alt.2, how can the same BWP be guaranteed if the BH is non-ideal?


	Convida Wireless
	Alt. 2
We prefer to avoid dependency between the multiple PDCCHs, i.e. the same bandwidth part indicator should be included in both DCIs, if dynamic BWP switching is allowed. This would also be beneficial if one of the PDCCHs is not correctly received by the UE.

	AT&T
	 We prefer Alt. 2. It Is a corner case and we expect the two TRPs communicate beforehand (proprietary solution)



For PDSCHs from different TRPs, companies, e.g. Samsung, CMCC, Spreadtrum, Panasonic, Vivo, consider to enhance the scrambling procedure of PDSCHs to randomize inter-TRP interference, especially for the intra-cell scenario. Companies have provided different detailed design. Samsung has proposed to use HARQ process number for  cinit for PDSCH scrambling.  Vivo proposed to enhance RRC signaling. 
Therefore we have the following proposal:
[Draft for offline] Proposal 2:  
At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs, and down-select from following alternatives in RAN1 97: 	Comment by min zhang: SS, CMCC, Spreadtrum, Panasonic, Vivo, HW
· Alt 1: enhance c_init, FFS detailed design in RAN1 97
· Alt 2: enhance RRC configurations to support multiple dataScramblingIdentityPDSCH
· Note the down selection may take into account how to support multiple configurations, e.g. scrambling ID, TCI state lists, for M-TRP in the intra-cell scenario. 
· 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Slightly prefers alt2. Restricting scrambling with HARQ process seems not flexible.

	ZTE
	Alt.2.  
There are many parameters in PDSCH-Config should be extended to two copies.
The most simple way is to support two PDSCH-Config. In addition, all parameters in PDSCH-Config are optional, some of them for one TRP can be able not to configure for saving RRC overhead.  
One more import issue is to separate TCI state list for two TRPs because TCI codepoint in one DCI is to select TCI state(s) from the corresponding TCI state list. 	Comment by Chuangxin: This issue should be discussed with higher priority

	QC
	Alt1. 

	OPPO
	Alt.2. Agree with ZTE that two PDSCH-config is a simple solution to achieve independent PDSCH configuration per TRP.

	CMCC
	Support Alt.1
How to enhance c_init should be further studied, e.g., c_init is associated with the TRP for PDSCH transmission. 

	Ericsson
	Alt.2

	LGE
	Support but further study is needed for alternatives

	Intel
	We are not sure this is necessary for multi-TRP. Multiple scrambling sequences makes some sense for MCW if there is a reasonable risk of highly correlated channels.  

	Samsung
	Alt.1

	Nokia
	Proposal text on “At least for eMBB with multi-DCI based multi-TRP/panel transmission, different PDSCH scrambling sequences can be supported for PDSCHs” is fine with us. We should be ok to list down the alternatives, so the down selection can be done in Reno meeting. 

	CATT
	The necessity of introducing different scrambling should be justified by clear performance benefit.

	MTK
	Agree with Nokia; ok for the main proposal and down-select from options later. 

	Panasonic
	We are fine with either of alternatives, but with slight preference for Alt. 1. Also, we are fine with Nokia’s proposal to down-select in Reno.

	vivo
	Support the main proposal. 
For the issues raised by ZTE (TCI state indication), we also think they should be listed for more discussion.

	Convida Wireless
	Also agree with Nokia. It would be helpful for down-selection to clarify what “enhance” means in Alt 1 and Alt 2.

	AT&T
	Alt.2. We don’t see any impact of scrambling codes as shown in our contributions in the previous meetings.



Rate matching mechanism for multiple PDSCHs is one of remaining issues, considering both performance gain and overhead. Preferences are still very diverse although LTE CRS rate matching may represent a slight majority view, e.g. by ZTE, Intel, Ericsson, Vivo, and Huawei. Companies, e.g. ZTE, Ericsson and Huawei, may wish to enhance rateMatchPattern as well. ZTE prefers to enhance rate matching for periodic CSI-RS resources. MediaTek, QC, and CATT seems to have different mechanism of enhanced DMRS rate matching. Spreadtrum, Nokia and Huawei have proposed to enhance pre-emption indications, whilst Panasonic, Intel, Ericsson, DOCOMO don’t see such a necessity of PI enhancement.
Therefore, we have following proposals consider a slight majority without objection so far: 
 [Draft for offline] Proposal 3:  	Comment by min zhang: ZTE, Intel, Ericsson, HW, Vivo
· For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission,  support 
· Extending lte-CRS-ToMatchAround to be configured with multiple CRS patterns for [a PDSCH or all PDSCHs] in a service cell	Comment by min zhang: TBD

· For rate matching mechanism used for multi-DCI based multi-TRP/panel transmission to rate match around one TRP or two TRPs, at least with non-ideal backhaul, down-select from candidates in RAN1 96bis
· Note that further details of functionality can be clarified in RAN1 97 if needed, and RRC signaling design can be up to RAN2. 
· RateMatchPattern
· Aperiodic NZP CSI-RS
· Aperiodic ZP CSI-RS
· DMRS
· SP/P NZP CSI-RS
· SP/P ZP CSI-RS
· LTE CRS
· Preemption 
· CORESET
· SSB

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

	ZTE
	If CRS rate matching is enhanced, ZP/NZP CSI-RS, rat matching pattern should be enhanced too. Other wise, it is not needed to only support CRS rate matching enhancement because CRS pattern can comprise of single port ZP CSI-RS resources. So we prefer to discuss all rate matching resources together, and check one by one. All parameters are copied as follows
· rateMatchPattern
· rateMatchPatternGroup
· aperiodic ZP CSI-RS resource sets 
· semi-persistent ZP CSI-RS resource sets 
· periodic ZP CSI-RS resource sets.
· Those above are configured in PDSCH-Config
· lte-CRS-ToMatchAround
· rateMatchPattern
· Those above are configured in ServingCellConfig
· Semi-persistent NZP CSI-RS resource sets
· periodic NZP CSI-RS resource sets 
· Preemption
Proponents or Opponents can leave views under each bullet. 
We support all of them are divided or extended to two groups which correspond to two TRP respectively. 

	QC
	Not clear why we should start with “lte-CRS-ToMatchAround”. From our view, the most critical rate matching items to decide are
· DMRS of a first PDSCH vs data Res of a second PDSCH
· Aperiodic rate matching 
Also, RAN1 should first decide the procedures / behavior with respect to rate matching. Details of RRC configuration (how to extend an existing parameter) depends on that decision and is a second priority (and typically handled by RAN2). 

	Ericsson
	Support the proposal. For rate matching issues in general, we can agree on needed functionality and allow RAN2 to figure out the RRC signaling. 

It should also be possible to agree on the rate matching around DMRS from PDSCH transmitted both TRPs (i.e. both or all CDM groups) as well (which we support).
  

	LGE
	For intra-cell NCJT, since a CRS pattern is defined in ServingCellConfigCommon, TRPs share the same CRS pattern so that there is no rate matching issue. In case of inter-cell NCJT, we need to discuss whether a PDSCH is rate matched for both CRS patterns of two TRPs or one CRS pattern of a corresponding TRP.

	Intel
	We agree with both ZTE and QC above that it is beneficial to discuss rate-matching considering a list of items. As a general principle, we can follow LTE considerations whenever applicable and try to achieve one or two common mechanisms to handle all cases.

	Samsung
	In general, we do not see a strong reason to enhance rate matching, especially for FR2. Thus, we would like to propose the following as a starting point:
Existing rate matching mechanisms are enough to support NC-JT at FR2.

	DOCOMO
	We can first discuss whether Rel.15 rate matching mechanism can be applied for Multiple TRPs. At least for ideal backhaul, Rel.15 rate matching mechanism can be reused. Then if needed, we can discuss whether the signal/channel in one TRP should be rate matched by another TRP. For the latter, we share the same view with ZTE, we can check it one by one.

	Nokia
	We are fine with this. 

	CATT
	Current rate matching mechanism based on lte-CRS-ToMatchAround configuration is enough for multi-TRP transmission. 

	Panasonic
	We have similar views as QC, ZTE and Intel.

	vivo
	Discussion priority perspective, we think DMRS related rate matching/puncturing should be discussed first, as pointed by QC.
Besides the discussion points listed by ZTE, CORESET and SSB should also be considered for the related rate matching behavior.

	AT&T
	 At this moment, we don’t see the string reason to  enhance the Release 15 rate matching patterns



For PDSCH mapping type restriction, company’ preference are very diverse. Companies, e.g. LG and Panasonic, have concern on supporting mapping type B if it’s for URLLC although scheduling type B can be used for eMBB. Companies, e.g. Nokia and Huawei, think that restrictions with respect to DMRS ports are enough and no further restrictions are needed. Companies, e.g. Asia Pacific Telecom, Samsung, may have interest on PDSCH with mapping type B. MediaTek wants to have further strict restriction on PDSCH TDRA allocation, i.e. same S/L. 
For PRG alignment restriction, we observe diverse opinions as well. Companies, e.g. Panasonic, LG, Intel, MediaTek, and Spreadtrum, think that the UE shall always assume PRG grid alignment between TRPs. Samsung prefer to restrict the mechanism of PRG granularity indication by RRC configuration only. One the other hand, Qualcomm, Nokia, Huawei has pointed out that PRG alignment is not necessary for the case of multi-PDCCH based design, since in Rel. 15 for the case of MU-MIMO, PRG-level alignment is required only when both the scheduled ports and co-scheduled ports belong to the same CDM group. 
Therefore, from the feature lead perspective, it can be difficult to reach a consensus given limited online/offline time for those issues and other higher priority of discussion points. It can be discussed as long as there is a clear majority view to be agreed and it can be discussed further.  

[Draft for offline] Observation 1:  
· For eMBB, whether introducing further restrictions of PDSCH scheduling types or the alignment of PRG grid for PDSCHs transmitted from two TRPs seems not be converged yet.  
· Further discussion may be needed. 
· 
· [Draft of proposals]
· Study PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH for potential relaxation if needed, considering overlapping PDCCH/PDSCH, PDSCH/PDSCH, scheduling types, UE MIMO and/or CA capability design in RAN1-98
· 
· 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	ZTE
	If two PDSCHs are not overlapping, what is the reason to restrict mapping B+B, or A+B ?  The restriction A+A should only be used in the case when two PDSCH are overlapping or partial overlapping.  So we want to clarify that 
The restriction A+A is only agreed for the case when two PDSCHs are overlapping or partial overlapping
For instance, TRP 0 can transmit PDSCH type A in symbol 0-10 for eMBB, and TRP1 can transmit PDSCH type B in symbol 11-12 for URLLC. There is no any issue for this A+B.  If we only support A+A, it is very bad for URLLC since usually PDSCH type B is used for low latency.

	QC
	We do not think PRG alignment is needed. For MU-MIMO, PRG alignment is only for the case that DMRS ports are within the same CDM group. For multi-TRP, they belong to different CDM groups.

Another important issue to discuss is the processing time (N1 value for CAP1 /CAP2) as we agreed to study in RAN1 #95 “PDCCH/PDSCH processing/preparation timing for supporting multiple PDCCH”. This is a critical issue that usually takes a lot of time to finalize. We think that the discussions related to the impact of multi-TRP on exiting processing time should be started soon. 

	OPPO
	For case of partial overlapping in frequency domain, it is meaningless to support RPG alignment. 

	Ericsson
	No further restrictions needed, the agreement on overlapping DMRS positions are sufficient.

	LGE
	When precoder of PDSCH 2 varies in a PRG of PDSCH 1, UE needs to calculate multiple interference covariance matrixes to MMSE-IRC Rx filter in each PRG, which increases UE complexity. Otherwise, IRC performance is degraded. 
To address this issue, PRG alignment can be considered but it may be too restrictive. In this sense, the following restriction is enough; when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG.
In case of resource allocation  type 1, PDSCH 2 can be partially overlapped in a PRG of PDSCH 1 so one more restriction is needed to address the issue; allocated resource of the overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG. Note that it still allows partially overlapped between two PDSCHs in all allocated RBs.
In summary, our proposal is as follows:
Proposal: In case of partially/fully overlapped resource allocation, when PRG of a PDSCH is 2 or 4, the precoding of another fully/partially overlapped PDSCH should be the same in each PRG and allocated resource of the overlapped PDSCH should be either fully overlapped or non-overlapped in each PRG.
Regarding RA type, We support A+A.

	Intel
	we think further discussion is helpful for PDSCH types/processing time.  If Type B is overlapped with another PDSCH then the processing time of the NC-JT PDSCHs also depend on the associated CORESET overlapping with those PDSCHs – which we have not discussed yet.
Even for A+A NC-JT, we think PDSCH processing time should be discussed for the case of unequal PDSCH duration. This is because if memory associated with the shorter PDSCH is blocked from reading (after PDSCH processing) due to the still on-going processing of the longer PDSCH, then some relaxation is required. There may be other reasons for relaxations as well.
On PRG grid: we think the case when PRG is indicated to be the entire scheduled BW should be discussed. In this case CE algorithm is selected (time-domain, FFT based etc.) to maximize gains. Is the UE expected to be indicated PRG size =2/4 from one TRP and scheduled BW from another TRP for NC-JT ?

	Samsung
	Regarding PDSCH mapping type, we don’t think further restriction/discussion is needed. The same implementation can be done with that for Rel-15 MU-MIMO transmissions.
Regarding PRG alignment, we think it is worth to have further study. Simple gNB/UE assumption may helpful for ease of UE implementations.

	DOCOMO
	For PDSCH mapping type, A + A can be supported as starting point.

	Nokia
	We do not think PDSCH mapping type restrictions or PRG grid alignments are needed. We may not need this proposal.  

	CATT
	With the restriction on overlapped locations of DMRS symbol from both PDSCHs, whether A+B or B+B can be scheduled is more like an implementation issue.

	MTK
	We have similar view with LGE; it is helpful for UE implementation if the UE always can assume PRG grid size=2/4 and its alignment for interference estimation. The same issue is there for time domain resources. We prefer to have the same interference assumption in all time domain symbols.   

	Panasonic
	We are fine to discuss PRG level alignment, provided that there is no spec impact and it is up to network coordination.

	vivo
	When PDSCHs are partially/fully overlapped, for a potential NCJT UE at least PDSCH with same mapping type, i.e., A+A and B+B can be used. Typical use case of A+A is for eMBB, while typical use case of B+B is for URLLC but with the restriction of the same starting symbol of PDSCHs. However, PDSCH with different mapping types, i.e. A + B should be restricted because it would restrict the starting symbol of PDSCH with mapping type B to only some symbols within a slot.
PRG-level grids from multiple TRPs are not necessarily aligned if the UE is scheduled by fully/partially overlapped PDSCH resource allocation from different TRPs for non-ideal backhaul.

	Convida Wireless
	Agree with Samsung.

	AT&T
	No further restrictions needed



For downlink control, one of remaining issues is DL differentiation to ensure proper configurations and monitoring behavior of multiple PDCCH at the UE. Such a DL differentiation may be used for associating with DL resources, e.g. rate matching patterns. ZTE, vivo and Intel have proposed to configure multiple CORESET groups and use a CORESET group ID as the implicit identifier of TRP. Qualcomm has proposed to use a CORESET ID for DL differentiation. 
For monitoring and blind decoding behavior, companies, e.g. OPPO, Spreadtrum, NTT DOCOMO, Ericsson, Nokia, Vivo, MediaTek, Huawei has proposed to increase the number of CORESETs, whilst Panasonic, LG, Samsung, China Telecom prefers reuse Rel-15 limit with 3 CORESETs. Companies, Vivo, Samsung, NTT DOCOMO, and Huawei proposed to increase the number of BDs/CCEs. On the other hand LG, Lenovo, Qualcomm confirms #of BDs/CCEs will be enough.
Therefore, we have following proposal: 
· [Draft for offline]  Proposal 4:  
· For PDCCH monitoring and blind decoding  for multi-DCI based multi-TRP/panel transmission,  
· introduce a rule for prioritizing PDCCH candidates from different search spaces when they collide, conditioned on	Comment by min zhang: Ericsson
· Alt 1: CORESET ID per TRP 	Comment by min zhang: QC
· Alt 2: CORESET group ID per TRP	Comment by min zhang: ZTE, Vivo, Intel,
· Increase the maximal number of CORESETs per “PDCCH-config” up to [4, 5, 6, ] subject to UE MIMO and/or CA capability design in RAN1-98 including candidate values of UE capUE capability  	Comment by min zhang: Yes: Oppo, Vivo, MTK, Ericsson, Spreadtrum, DCM, Nokia 
No:  LGE, SS, China Telecom
· FFS: whether/how to iIncrease the maximal number of BD/CCE per slot per serving cell,  ssubject to UE MIMO and/or CA capability design in RAN1-98 including candidate valueUE and/or CA capabilitys of UE cap 	Comment by min zhang: Yes: Vivo, SS, Lenovo, 
No: LGE, QC, DCM
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	We are fine to support Alt 2. One comment: does alt 2 mean an explicit group ID? Can it be an implicit ID, such as a DMRS scrambling ID to PDCCH. 

	ZTE
	We think two TRPs should have semi-static coordination so that the PDCCH candidates from two CORESET groups (correspond to two TRPs) not collide. Otherwise, the PDCCH and PDSCH transmission from one TRP will be wasted. So our proposal for the first bullet is as follows
UE does not expect PDCCH candidates from two CORESET groups collide.
For the second bullet, we agree either 5 or 6.

	QC
	On the first bullet, the motivation is not clear. Network can assign different non-overlapping CORESETs / search space sets. Clarifications are needed on why this needs to be discussed.
On the second and third bullets, as elaborated in more details in our tdoc, our view is that a CA capability framework can solve all the issues (including processing time N1 impact discussed in the previous proposal) so that UE can use the CA capability to monitor more BDs/CCEs, etc. if such a flexibility is needed.

	OPPO
	To differentiate different TRPs, maybe we need to agree on introducing a CORESET group ID for each CORESET firstly since it is a new terminology. This ID can be applied in many aspects other than PDCCH collision, e.g. PDSCH configuration, PUCCH configuration, etc. Where/How to use it can be further discussed. 

	Ericsson
	In the first Bullet, we’d like to understand the alternatives a little bit.  In Rel-15, a TCI state can be activated per CORESET. So, we can group the CORESETs together that have the same TCI state activated.  Do we need to introduce a CORESET group ID?
Upon further offline discussion, we are ok to study the first bullet further.


	LGE
	With semi-static coordination between TRPs, non-overlapped search space can be configured to avoid collision of PDCCH candidates, so whether to introduce a rule for prioritizing PDCCH needs to discussed first. In our view, the following proposal is enough: UE does not expect PDCCH candidates of the multiple TRPs collide each other.
Regarding # of CORESET/BD/CCE, we prefer keep 3 for the maximal number of CORESETs and keep the maximal number of BD/CCE per slot per serving cell same as Rel-15.

	Intel
	First bullet  this is one option. On the other hand existing prioritization rules based on SearchSpaceId can also be used for multi-TRP. There are two possible options here.

	Samsung
	Priority rule is not needed unless PDCCH candidates are overbooked for PCell. If any priority rule is defined, this condition should be clarified first.
Regarding the BD/CCE and the number of CORESETs per PDCCH-config, it does not make sense increasing the number of CORESETs per PDCCH-config only without any enhancements on BD/CCE. Both bullet should be the same level, i.e. it is preferred to add FFS for the second bullet as well or to remove FFS for both.

	DOCOMO
	For the FFS bullet, our view is that maximal number of BD/CCE per slot per serving cell can be increased.

	Nokia 
	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.

Considering two FFS items we had last time, we are fine with following bullets,
· Increase the maximal number of CORESETs per “PDCCH-config” up to [4, 5, 6] subject to UE capability   
· FFS:  whether/how to increase the maximal number of BD/CCE per slot per serving cell, subject to UE and/or CA capability
Would be good to have some more discussion or FFS on “introduce a rule for prioritizing PDCCH candidates from different search spaces when they collide”. 


	CATT
	Support the following proposals:
· Increase the maximal number of CORESETs per “PDCCH-config” up to [4, 5, 6] subject to UE capability   
· FFS:  whether/how to increase the maximal number of BD/CCE per slot per serving cell, subject to UE and/or CA capability

	MTK
	Support Nokia’s proposal

	Panasonic
	We propose to at least have some discussion on the need for increasing the number of CORESETs and also how the CORESET with common DCI will be associated to which TRP. Do we intend to distinguish TRP as primary and secondary, where the primary TRP is associated with CORESET carrying common DCI? 

	vivo
	The intention of RRC explicitly configuring CORESET and search space with collision is not well justified.
Also fine with Nokia’s and CATT’s proposal.

	Convida Wireless
	Support Nokia’s proposal.

	AT&T
	We are fine for bullets 2 and 3

· Increase the maximal number of CORESETs per “PDCCH-config” up to [4, 5, 6] subject to UE capability   
· FFS:  whether/how to increase the maximal number of BD/CCE per slot per serving cell, subject to UE and/or CA capability




It has been agreed that PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook and TDM within a slot is FFS. Based on our review, the majority view is that, companies, e.g. Intel, QC, ZTE, Vivo, ZTE, OPPO, Panasonic, LG, Spreadtrum, DOCOMO, and Nokia, support TDMed PUCCH resources conveying ACK/NACK within a slot. 
With regarding to PUCCH resource configuration, companies, e.g. Intel, QC, ZTE, vivo, and Huawei, proposed to support two PUCCH resource groups for each TRP for UL receiving TRP differentiation. Some companies, e.g. Intel, LGE, China Telecom, Ericsson, QC, and Huawei have proposed to associate PUCCH resources or resource group to each receiving TRP by a certain PDCCH configuration signalling, e.g. CORESET ID, CORESET group, or TCI state of CORESET.
For PUCCH resources within one slot, in Rel-15, only short-PUCCH + short-PUCCH, and short-PUCCH + long-PUCCH are supported. Companies, e.g. Intel, DOCOMO, Nokia, have pointed out that two long-PUCCHs may be beneficial, whilst Panasonic prefers to maintain Rel-15 restriction.
There are quite some discussion for FFS point with regarding to multiplexing/dropping rules of channels, e.g. two PUCCHs conveying HARQ-ACKs for each TRP, one PUCCH conveying HARQ-ACK and another PUCCH conveying CSI report, PUCCH and PUSCH, etc. However it can be less mature up to now to conclude whether/how those multiplexing/dropping rules are essential. Therefore further investigation may be needed and they will be discussed in RAN1 97. 
Therefore, to make some progress for some basic uplink design, we have the following proposal:  
· [Draft for offline]  Proposal 5:  
· For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, at least for eMBB with non-ideal backhaul,  
· Support TDMed PUCCH resource groups within a slot to convey separate ACK/NACK feedback with separated HARQ-ACK codebook for two TRPs	Comment by min zhang: Intel, QC, ZTE, Vivo, ZTE, OPPO, Panasonic, LG, Spreadtrum, DOCOMO, Nokia
· All PUCCH resources within the first PUCCH resource group do not overlap in time with any PUCCH resource within the second PUCCH resource group.
· UL TRP differentiation  can be identified by a CORESET group associated to the PUCCH resource group and down-select: 	Comment by min zhang: Intel, LGE, China Telecom, Ericsson, QC
· 5-1: introduce a group ID to explicitly define a CORESET group for UL TRP differentiation
· 5-2: reuse NR Rel-15 TCI State and Spatial Relation frameworks to implicitly define a CORESET group for UL TRP differentiation 
· 
· Support long-PUCCH + long-PUCCH formats within one slot	Comment by min zhang: Yes: Intel, DOCOMO, Nokia
No: Panasonic, OPPO
· Study whether parameters in PUCCH-config and PUSCH-config shall be independently configured for M-TRP with non-ideal backhaul
· Support joint HARQ-Ack feedback from received PDSCHs where multiple DCIs are used, at least for eMBB with ideal or close-ideal backhaul
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Support the whole proposal.

	ZTE
	For UL TRP differentiation, using a CORESET group ID is more efficient than using CORESET ID. Because PUCCH is used for PDSCHs across all CCs, the CORESET group ID can be a global ID (0 or 1) across all CCs. However, if we use CORESET ID, gNB must inform CC index in addition to the CORESET ID. Furthermore, CORESET ID cost more bits.
Second, it is better to support two PUCCH-Config since many parameters in PUCCH-Config can be different for the two TRPs. Then we support the CORESET group ID is associated with a PUCCH-Config.
For the last bullet, we think it needs more discussion.
Therefore, our suggestion is 
· Support TDMed PUCCH resource groups within a slot to convey separate ACK/NACK feedback with separated HARQ-ACK codebook for two TRPs
· UL TRP differentiation  can be identified by a CORESET group ID associated to a PUCCH-Config
· Two PUCCH-Config are supported for two TRPs.
· FFS: Support long-PUCCH + long-PUCCH formats within one slot

It is noted that many parameters in PUCCh-Config should be independent for the two TRPs, including dl-DataToUL-ACK, pucch-PowerControl, multi-CSI-PUCCH-ResourceList, spatialRelationInfoToAddModList (for MACCE overhead). In addition, all parameters in PUCCH-Config are optional, some of them can be able not to configure for one TRP for saving RRC overhead.


	QC
	Support with the following additional bullets
· For the TDM solution, all PUCCH resources within a first PUCCH resource group do not overlap in time with any PUCCH resource within a second PUCCH resource group.
· For the TDM solution, UE does not expect a PUSCH targeted toward a first TRP to overlap in time with a UCI targeted toward the second TRP.

Also, joint HARQ-Ack seems to have good support based on our review of the contributions. It can be used for ideal backhaul / small backhaul delay, has very minimal spec impact and solves all the issues caused by separate feedback. 

	OPPO
	For UL TRP differentiation, as proposed above, we should decide whether a CORESET group ID is needed to be introduced firstly. Then we can determine whether to use CORESET or CORESET group to differentiate TRPs.
For PUCCH multiplexing, whether to introduce new PUCCH format multiplexing (e.g. long-PUCCH + long-PUCCH) is more appropriate to be discussed in eURLLC WI as it was. It should be noticed that simultaneous multiple PUCCH transmission would lead to significant inter-PUCCH interference by power leaking. For ACK/NACK, it should be assumed that the UE cannot support simultaneous ACK/NACK transmission from multiple PUCCH resources, unless it is further agreed in eURLLC WI later.

	CMCC
	The restriction of TDM within a slot is too strict, for example, when a 14 symbol PUCCH resource is overlapping with another PUCCH resource, how to realize TDM within a slot? 
Therefore, if the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, the PUCCH resources conveying ACK/NACK feedback can be allowed to FDM within a slot.

	Ericsson
	For UL TRP differentiation, we prefer to reuse the NR Rel-15 spatial relation framework for PUCCH for UL TRP differentiation.  Hence, PUCCH resources with the same active spatial relation info can form a PUCCH resource group implicitly. 
The associated between an implicit PUCCH resource group and CORESET can be made if the active TCI state of the CORESET and the active spatial relation of the PUCCH re-source point to the same source DL RS transmitted by the associated TRP.  Hence, we suggest the following change to the first sub-bullet:
 ‘UL TRP differentiation  can be identified by a CORESET associated to the PUCCH resource group reusing NR Rel-15 TCI State and Spatial Relation frameworks’

On the exact PUCCH formats, our preference is to reuse the same mechanism (including details of PUCCH formats) to be specified in Rel-16 eURLLC WI.
 

	LGE
	Support symbol level TDM for multiple PUCCHs and support long PUCCH + long PUCCH. Regarding UL TRP differentiation, in our view, CORESET group ID needs to be introduced considering the case when one TRP uses multiple CORESETs. Also, different TRP PUCCH resource sets can be associated with different CORESET groups. Therefore, feature leader’s proposal can be modified as follows for further discussion: 
· UL TRP differentiation UL TRP differentiation  can be identified by [a CORESET/CORESET group] associated to the PUCCH resource [group/set]


	Intel
	We have 2 suggestions: (similar to comment from OPPO) UL TRP differentiation can be identified by a CORESET/CORESET group associated to the PUCCH resource group  reason is that multiple CORESETs (for same TRP) may be associated with a single PUCCH resource group. We also support to add the first bullet proposed by QC. For the second bullet proposed by QC, we think it may be ok but we have not decided on whether such restriction is specified or whether dropping rules are specified for that case.

	Samsung
	Similar view with Panasonic on the second bullet.
Also, we don’t see a strong reason to have further restriction on top of Rel-15 specification.
Only the first bullet is acceptable for now.

	DOCOMO
	Support.

	Nokia
	Proposal is fine in general with some modifications. 
Regarding the “UL TRP differentiation can be identified by a CORESET associated to the PUCCH resource group”. If there is more than one CORESET associated with a TRP, the same PUCCH resource group shall be used. May be that is not clarified and would be good to also have CORESET group suggested by several companies. 
Bullets proposed by QC, we think that first bullet can be included in the proposal. 
· For the TDM solution, all PUCCH resources within a first PUCCH resource group do not overlap in time with any PUCCH resource within a second PUCCH resource group.


	Panasonic
	We support first bullet along with sub-bullets. Regarding second bullet, we don’t see the need for having new restrictions, but we can be open to accept second bullet modified as : “FFS: Whether additional combinations of two PUCCH formats within a slot are needed or not in comparison to Rel. 15”

	vivo
	Support the proposal.
Furthermore, we would like to echo the comment from QC that joint feedback for multi-TRP should also be supported with minimum spec impact.

	ZTE
	Not support the last bullet. Joint feedback should be deprioritized since the main use case for multi-PDCCH is non-ideal backhaul. For ideal backhaul, we have single PDCCH design. After finalizing separate feedback, we can discuss it if we still have time. 

	AT&T
	Support the proposal




As agreed that separated ACK/NACK feedback is supported for multi-TRP transmission, the issue of managing HARQ processes is identified by several companies. Based on our review so far, it seems to be a common understanding that the HARQ processes/buffer will be split among two TRPs, with explicitly or implicitly increased HARQ processes. OPPO and DOCOMO have proposed to increase HARQ process number explicitly to 32. Spreadtrum consider to increase the maximal number of HARQ processes to 32 but maintain the same maximal buffer size for NCJT transmission. HW and ZTE may prefer to have an implicit way to by link HARQ processes into each CORESET group. 
Therefore we have the following proposal: 
· [Draft for offline] Proposal 6:  	Comment by min zhang: Spreadtrum, ZTE, OPPO, DCM, HW 
· For multi-DCI based multi-TRP/Panel transmission, at least for eMBB, support to increase the  number of HARQ processes to 32 explicitly or implicitly, 
· FFS further details of how to increase explicitly or implicitly and associated number of HARQ entities  in RAN1 97 
· Note that the support is subject to UE MIMO and/or CA capability design in RAN1-98 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	Support

	ZTE
	Support

	QC
	Do not support. 
32 HARQ IDs exceed the maximum buffer size unless we restrict the multi-TRP operation as follows:
· Each TRP can at most use half of the layers of the maximum number of layers the UE can support 
· The condition above should be satisfied always independent of whether or not the other TRP schedules PDSCH or not
As an example, when UE supports maximum of 4 layers, if a HARQ ID can ever be scheduled with more than 2 layers, then maximum buffer size is exceeded if we have 32 HARQ IDs. Note that this can happen even in the case of non-ideal BH if TRPs semi-statically agree on some resource splitting for some slots. 
On the other hand, we are open to consider increasing number of HARQ IDs under a CA capability framework as discussed in Proposal 4.

	Ericsson
	We are ok to increase to 32, but we prefer to add an FFS on how many HARQ entities these processes are split over, for example, two entities with 16 each. 

	Intel 
	We need more time to study impact

	Samsung
	Seems not essential.

	DOCOMO
	Support.

	Nokia
	We are fine with this. 

	CATT
	Support this proposal.

	Panasonic
	We are okay with this, although more discussion might be helpful

	Convida Wireless
	Support.

	AT&T
	We need more time to study this proposal.





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

One of key design principles is about whether introducing a new DMRS table for DMRS port indication. Based on our review, there are eight companies so far, e.g. ZTE, Panasonic, Samsung, Lenovo/Motorola Mobility, NEC, CMCC, Qualcomm and Huawei/HiSilicon considering new tables to be needed for better flexibility and be switched by the TCI codepoint. Panasonic has proposed a translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table. On the other hand, Ericsson and CATT think that there is no need to introduce a new DMRS port indication table in Rel-16. 
One of remaining issues of single PDCCH based M-TRP/panel transmission is CW-layer mapping design. Based on our review, the majority view, e.g. 12 companies as ZTE, LGE, CATT, Lenovo/Motorola Mobility, NEC, CMCC, Spreadtrum, China Telecom, DOCOMO, Apple, Nokia/Nokia Shanghai Bell and Huawei/HiSilicon supports enhancement of new CW-layer mapping to 2-4 layers in Rel-15. However there is also objection from other companies, e.g. Ericsson, considering that such an enhancement may not be necessary due to limited/no gain. However, it is unavoidable that whether/how to support a new CW-layer mapping will impact specific design of DMRS tables. 
Further details of DMRS table/port design can refer to the FL summary in section 4. Therefore, we have the following proposal: 
· [Draft for offline] Proposal 7:  
· For  S-DCI based multi-TRP/panel transmission, at least for eMBB, following design principles for DMRS table/port indication shall be considered: 
· 7-1: When two TCI states are indicated by a TCI codepoint of DCI, a new table in Rel-16 shall be used for the indication of DMRS ports, otherwise Rel-15 DMRS tables shall be used by the UE. 	Comment by min zhang: Yes: ZTE, Spreadtrum, QC, Panasonic, Samsung, Lenovo/Motorola Mobility, CMCC, Spreadtrum (2CW only), China Telecom, NEC
No: CATT, Ericsson
· [bookmark: _GoBack]FFS how to reuse existing DMRS tables/entries in the new table design
· 7-2: 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.	Comment by min zhang: Yes: HW, LGE, CATT, Lenovo, NEC, CMCC, Spreadtrum, China Telecom, DOCOMO, Apple, Nokia, ZTE
No: Ericsson
· 7-3: For new DMRS tables in Rel-16, if it is agreed to support in proposal 7-1,
· The number of bits for antenna ports field is the same as Rel-15.	Comment by min zhang: HW, ZTE, Samsung, QC , OPPO
· For DMRS type2, support 3 CDM groups without data in new DMRS table	Comment by min zhang: Yes: HW, ZTE, OPPO, LGE, NEC, Nokia, Samsung
No: Ericsson, China Telecom
· FFS: whether/how to support M-TRP/panel based URLLC, depending on supported schemes 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Proposal
	Comments

	NEC
	7-1
	Support

	
	7-2
	Support

	
	7-3
	Support

	ZTE
	7-1
	Support

	
	7-2
	Support

	
	7-3
	Support

	QC
	7-1
	Support.

	
	7-2
	Object.
As shown in our contribution last times, the benefit of using more than one CW for 4 layers or smaller is not supported by simulation results. From reviewing the contributions (previous/this meeting), we also noted that some of the simulation results from even some of the proponents of multi-CW scheme indicate / imply that the benefits are minimal or do not exist. Besides, we do not think this should be discussed as part of the DMRS table proposal.

	
	7-3
	Support.

	CMCC
	7-1
	Support

	
	7-2
	Support

	
	7-3
	Support

	Ericsson
	7-1
	No support. By SLS, we haven’t found a need to introduce a new table, e.g. scheduling of rank (3,1) from the two TRPs is not useful for NC-JT. We should first assess which (R1,R2) combinations give benefit in NC-JT and then see how to accommodate these in the current framework. By agreeing that a new table is needed without demonstrating a clear need seems odd. Plus, in Rel-16, we also support multi-PDCCH so this configuration can be also used for ideal-BH.  So, we don’t see the need to overoptimize single PDCCH in rel-16.

	
	7-2
	 No support, our evaluations shows there is no benefit of this rather large specification change

	
	7-3
	No support as a consequence of no support for 7-1

	LGE
	7-1
	Our view is that several reserved states in Rel-15 DMRS table can be used to indicate DMRS ports combination for NCJT, so that all layer combinations for two TRPs can be supported with these states and some legacy states containing multiple CDM groups. So, in our view, rather than introducing a new DMRS table, small modification of Rel-15 table is enough to support NCJT. For this reason, we suggest some modification of the proposal as follows.
“When two TCI states are indicated by a TCI codepoint of DCI, a new table in Rel-16 or modified Rel-15 DMRS table shall be used for the indication of DMRS ports, otherwise Rel-15 DMRS tables shall be used by the UE.”

	
	7-2
	Support. 

	
	7-3
	As mentioned in proposal 7-1, the modified DMRS table also should be considered, so we support 7-3 with the following modification.
“For new DMRS tables in Rel-16 or for the modified DMRS tables, if it is agreed to support in proposal 7-1”

	Intel
	7-1, 7-2, 7-3
	When 2 TCI states are indicated by a TCI codepoint of DCI, a single TRP transmission can still be indicated (up to 4 layers), to provide better utilization of TCI codepoints. We provided an example in RAN1#96 comments. We are not supportive of 7-2 but it can be discussed separately.

	Samsung
	7-1
	Support

	
	7-2
	Object. Similar view with QC.

	
	7-3
	Only support first bullet.
Our intention was to support up to 3 CDM groups without data.

	DOCOMO
	7-1
	Support.

	
	7-2
	Support.

	
	7-3
	We don’t see the necessity to support 3 CDM groups since NCJT is mainly beneficial for cell-edge UEs and for these UEs, more than 4 layers are not typical use case. However, 3 CDM groups are mainly used for more than 4 layers.

	Nokia
	7-1, 7-2, 7-3
	Support 

	CATT
	7-1
	No matter 1 or 2 TCI states are indicated by a TCI codepoint, a unified DMRS allocation table can be used. 

	
	7-2
	support

	
	7-3
	7-3 and 7-1 should be discussed separately. So, we prefer to revise 7-3 as follows:
· 7-3: For new DMRS tables in Rel-16, if it is agreed to support in proposal 7-1,
· The number of bits for antenna ports field is the same as Rel-15.
· For DMRS type2, support 3 CDM groups in new DMRS table

	MTK
	7-1, 7-2, 7-3
	Object 7-2

	Panasonic
	
	We think that a new DMRS table is not necessary, although some additional new entries would be needed. In our opinion, we can create combinations of the existing entries in the DMRS table to support majority of the cases for NCJT, which can be configurable intermediate table. This can be more flexible and a compromised solution between having a new table or not.

	vivo
	
	Object 7-2

	AT&T
	7-1,7-2, 7-3
	Support all 



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. Based on the review so far, the PDSCH reliability enhancement has drawn the most intensive interests. Companies shared views, analysis and/or simulation results following the schemes summary according to e-mail discussion [96-NR-09]. Among all the schemes, the time domain repetition schemes are of most popular with the majority view and no objection. More than 10 companies proposed to support both scheme 3 and scheme 4.

However it is quite diverse for company positions with respect to whether/how to support scheme 1 and scheme 2. In our current understanding schemes 1a/1b/1c are supported by 6/4/3 companies respectively, whilst the scheme 2a/2b are supported by 5/5 companies respectively. With regarding to rate matching methods, i.e. single RV based (supported by 7 companies) and multi-RV based (supported by 6 companies), companies seem to have different understanding about the potential spec impact as well, which may lead to different preference. 	Comment by min zhang: 1a QC/OPPO/VIVO/Panasonic/Samsung/Ericsson
1b ZTE/CATT/HW/Lenovo
1c ZTE/OPPO/LG	Comment by min zhang: 2a QC/Samsung/Ericsson/Panasonic/Intel
2b ZTE/Nokia/CATT/Lenovo/NEC	Comment by min zhang: QC/OPPO/VIVO/Panasonic/Samsung/Ericsson/Intel	Comment by min zhang: ZTE/HW/Nokia/CATT/Lenovo/NEC

For single-RV based rate matching method, i.e. schemes 1a/1c/2a, the benefits include less spec impact by reusing most Rel-15 spec. Some minor specification enhancement may be needed, as an example frequency domain resource allocation for 2a.  

For multi-RV based rate matching method, i.e. scheme 1b/2b, the benefits includes the self-decodable capability, especially for unequal pathloss from multi-TRPs or for more challenging channel condition with blockage or deep fading. Simulation results can be found in [Tdoc of URLLC simulation summary].With regarding to potential spec impact for multi-RV based rate matching, the understanding among RAN1 companies seems to be misaligned. For example, some may think that multi-RV based rate matching methods imply new codeword layer mapping, whilst some may consider that they imply only new antenna port mapping. Several companies have provided more detailed analysis of physical layer procedures which may represent potential spec changes, if schemes are supported. 	Comment by min zhang: Can be found in QC/HW/Ericsson/ZTE/SS/Intel/Nokia tdocs

From the feature lead perspective, it seems to be necessary and technical sound by understanding physical layer procedures (at high level) and then decide single-RV or multi-RV based rate matching method at first, which will eventually determine what kind of details can be accommodated or changed by associated schemes. The sketch of schemes for general guidance (FFS detailed spec impact) can be found below and also in [R1-1904750].


· [Draft for Offline] Proposal 8:	Comment by min zhang: HW,QC, ZTE, Ericsson, NTT, Nokia, VIVO, Panasonic, LG, CMCC, Lenovo, Oppo, Intel
· For multi-TRP based URLLC, scheduled by single DCI at least, support scheme 3 and 4 agreed in email discussion [96-NR-09]
· Strive for a common design of scheme 3 and 4 for FR1 and FFS beam switching delay of scheme 3 for FR2
· Note how to address M-TRP/panel based URLLC operation in FR2 can be discussed from RAN1 #98 
Please comment the necessity and preferred changes. We will continue discussing and consolidating this proposal by offline.  
	Company
	Comments

	NEC
	As the first step, we are fine to support scheme 4. The use case is for large payload URLLC services, which might not be achieved by scheme 1/2/3. For schemes 1/2/3, we cannot see which one has a more fundamental gain actually. More discussions are needed.

	ZTE
	Support

	QC
	Support. We think that Scheme 3 should be discussed/specified after Scheme 4.

	OPPO
	We can agree on Scheme 4 firstly.  Since slot aggregation has been supported in Rel-15, the only required specification effort for scheme 4 is configuration of multiple TCI states for the same transport block in different slots, which was already supported in non-coherent JT. Alt.3 needs further specification effort, e.g. the mechanism to configure mini-slot, and the signaling to indicate the number of repetition, etc. Furthermore, mini-slot based PUSCH repetition was included in eURLLC WI. Some issues are similar for PDSCH and PUSCH repetition. We can specify Scheme 4 firstly and further specify Scheme 3 based on the output of eURLLC WI and slot based TDM.

	Ericsson
	Based on some offline communication with other companies, we realize that there is a good point regarding the impact of beam switching time in FR2 on the TDM based schemes.  So, we are ok to support at least scheme 4, and for scheme 3 we can discuss further the impact of beam switching time before agreeing to specify scheme 3.

	LGE
	Support. Scheme 4 should be prioritized over scheme 3 because scheme 4 is based on Rel-15 design.

	Intel
	We are ok to support scheme 4. Prefer to study scheme 3 a little more considering beam switching delay/spec. impact etc. 

	Samsung
	Similar view with QC and OPPO. We can start with scheme 4 as the first step.

	DOCOMO
	Support and we share the same view with QC. Scheme 3 should be discussed/specified after Scheme 4.

	Nokia
	Support. 

	CATT
	Considering the applicability in both FR1 and 2, scheme 3 and 4 should be prioritized. 

	MTK
	Support.

	Panasonic
	Support

	vivo
	Support.

	Convida Wireless
	Support.

	ATT
	Support



· [Draft for offline] Offline Discussion:
· Starting from following sketch of schemes for general guidance (FFS detailed spec impact), discuss and down-select single RV based schemes, i.e. 1a/1c/2a, and M-RV based schemes, i.e. 2a/2b. 	Comment by min zhang: Based on Ericsson tdoc R1-1904750
· Proposal 9: Will consolidate and make a proposal after initial feedback.
1. Single TRP
1. SFN with CDD
(c) SDM/FDM multi-layer single RV
1. SDM/FDM/TDM multi-layer  multi-RV

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

	NEC
	Single RV (i.e. scheme 1a/1c/2a)
	

	
	Multiple RVs (i.e. scheme 1b/2b)
	Multiple RVs allow UE to decode the first TB firstly, and may be further not to decode the second TB, which saves many hardware operations.

	ZTE
	Single RV (i.e. scheme 1a/1c/2a)
	

	
	Multiple RVs (i.e. scheme 1b/2b)
	Support. 
since scheme 3 also supports the same or different RVs for multiple repetitions within one slot, we didn’t see any difference between scheme 2b and scheme 3. There is no motivation to use different schemes for TDM and FDM cases. Then scheme 2b is more preferred in order to make solutions unified. Further, scheme 2b can lead to simpler gNB implementation because two TRPs (maybe two gNBs) can independently process CRC, channel coding and scrambling for the same TB

	QC
	Single RV (i.e. scheme 1a/1c/2a)
	1a is already supported by the single-DCI based multi-TRP.

Support 2a.

	
	Multiple RVs (i.e. scheme 1b/2b)
	Do not support.

	
	Comments
	We think it is beneficial to discuss the schemes separately. For example, for SDM (scheme 1), 1a is already supported by the single-DCI based multi-TRP. Also, 1c is very different in nature compared to other schemes.

Comparing single RV vs multiple RVs, based on our review of the contributions as well as the summary of the sim results for mTRP URLLC provided by the FL, 5 companies have results showing that single RV is equal or better than multiple RVs scenario (even with best RV combination), while only one company has sim results showing that multiple RVs is better than single RV. Furthermore, specification impacts need to be considered as agreed in the previous meeting.

	OPPO
	Single RV (i.e. scheme 1a/1c/2a)
	Support 1a/1c firstly. For 1a, additional signalling is needed to indicate whether the same data is transmitted in different layers based on the design in single DCI based NC-JT. For 1c, supporting multiple TCI states for one CDM group is sufficient.

	
	Multiple RVs (i.e. scheme 1b/2b)
	Do not support.

	Ericsson
	Single RV
	Support. Our evaluations show single RV is superior.  Among the single RV schemes, Scheme 1a is already supported for eMBB.  So, we can reuse this for URLLC.  In addition, our evaluations showed that Scheme 2a provides good performance gains over the other schemes in general when the same TBS size and the same amount of resources are used for all schemes.  Hence, we propose to support Scheme 2a in addition to Scheme 1a.

	LGE
	Single RV (i.e. scheme 1a/1c/2a)
	Support 1c enhanced from SFN. From simulation results, we observed that SFN transmission based on Rel-15 shows lower BLER compared to scheme 1a/1b. This is because more received RS power can be obtained when SFN transmission, resulting in improving channel estimation performance. This will be beneficial especially considering low SNR region, where CE performance is one of main bottleneck points for data reliability. 

Support 2a.
 

	
	Multiple RVs (i.e. scheme 1b/2b)
	We prefer single RV unless benefit is clear.

	Intel
	Single RV
	We observe that single RV schemes are better in most typical scenarios. There are certain cases where multi-RV is slightly better – these occur when one of the links is quite poor or blocked and the other link is strong. In such cases a solution is to use a slightly lower code-rate. Therefore considering spec/UE impact we think its reasonable to support 1a/2a. 

	Samsung
	
	We think assumptions on LDPC BG and TBS should be addressed first.

	
	Single RV (i.e. scheme 1a/1c/2a)
	Support.

	
	Multiple RVs (i.e. scheme 1b/2b)
	Do not support. Marginal performance gains have been observed.

	Nokia
	
	We feel that conclusion made in the email discussion more or less clear to describe the schemes. Because the sketches we have here is not complete. 
We prefer naming these still as SDM and FDM schemes. Supporting single RV or multiple RVs is not causing significant difference to the specs. 
If the intention of collecting the feedback is to down select the schemes, we see the following, 
Scheme 1a: is already supported by eMBB discussions. 
Scheme 1b: not required. This scheme may require changes in the codeword layer mapping (we need to first agree on that). 
Scheme 2a and 2b: We see possible gains of FDM scheme 2b (with same RV) and could be the same for scheme 2a and scheme 2b (with different RVs). In principal, scheme 2a can be applied across different rates without further optimizations, Scheme 2b may need different RV combinations depending on the code rate to get the same performance. On the other hand, Scheme 2b allows the possibility of getting chase combining gain with lower latency in decoding. Further discussions may be needed on this. 


	CATT
	Single RV (i.e. scheme 1a/1c/2a)
	Do not support.

	
	Multiple RVs (i.e. scheme 1b/2b)
	With multiple RVs, the data from each TRP can be self-decodable, which would be beneficial for the case one of  the coordinated TRPs is blocked. 

	Panasonic
	Single RV 
	We support 1a for SDM and 2a for FDM. 

	
	Multiple RVs
	Do not support

	vivo
	
	We don't observe performance gains of SDM and FDM compared with SFN + CDD.

	ATT
	
	Support both



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.  

RAN1-96bis Xi An 
· Companies are free and also strongly encouraged to discuss and elaborate issues of M-TRP/panel transmission, in order to establish the majority interest/view
· Multiple-PDCCH based design 
· Remaining open issues identified from agreements or from FL summary [1], as examples: 
· for DL, 
· UE behavior for monitoring Multi-PDCCH or BD restrictions
· Rate matching/puncturing if needed
· FFS points identified during online/offline discussion 
· For UL 
· UL TRP differentiation 
· Some remaining issues for separated ACK/NACK feedback   
· Single-PDCCH based design
· Remaining open issues identified from agreements or from FL summary [1], e.g. TCI state 
· Kick off DMRS port discussion, if DMRS port indication/table enhancement is agreed to be needed in Rel-16. 
· Generally we can strive to finalize design no late than RAN1 97 for multiple DMRS tables (if needed). 
· URLLC with Multi-TRP/panel 
· only for PDSCH
· Start to down-selection and merging schemes in RAN1 96b
· Likely summarize some evaluation results from companies, if available  
· Generally we can strive to finalize design no late than RAN1 97 for PDSCH URLLC, at least for FR1 

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 
· Multiple PDCCH enhancements/restrictions, including following 
· FFS PDSCH mapping type from two co-scheduled PDSCHs 
	Company
	Comments

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

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

	Intel
	Mapping Type A + Type A NC-JT can be achieved with minimal UE impact and specification impact and could be considered as the baseline approach. Mapping Type B + Type A/B can be considered as an enhancement.

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

	MediaTek
	For multi-DCI based PDSCH transmission, a UE is expected to assume time-domain resource allocation of the PDSCHs to be with the same start symbol S and allocation length L.

	CATT
	It’s more reasonable to focus the discussion on type A+A scheduling at this stage.

	Spreadtrum
	Support the combination of PDSCH mapping type A + PDSCH mapping type A for multiple-PDCCH based transmission.

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

	Asia Pacific Telecom
	Support PDSCH mapping type B in multiple-PDCCH based multi-TRP/panel.
Discuss the following PDSCH overlapping scenarios: 1) mapping type A + mapping type B, 2) mapping type B + mapping type B.

The following restrictions on partially overlapped PDSCHs should be applied
	For PDSCH mapping type A + mapping type B, 
-	constraining overlapped OS between one DMRS OS of PDSCH mapping type A and that of mapping type B in time domain, and;
-	constraining overlapped REs in an OS between a DMRS of the first PDSCH and data RE of the second PDSCH.
	For PDSCH mapping type B+ mapping type B, 
-	constraining overlapped OS between one DMRS OS of the first PDSCH and that of the second PDSCH in time domain.
-	constraining overlapped REs in an OS between a DMRS of the first PDSCH and data RE of the second PDSCH.

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

	Huawei
	Full/partial/non overlapped PDSCHs with mapping types A+A/A+B/B+B can be scheduled by two PDCCHs for multi-TRP transmission.



·  FFS: Alignment of PRG-level grid from multiple TRPs
	Company
	Comments

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

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

	Intel
	Consider PRG grid alignment for PDSCHs scheduled in the same slot in order to minimize impact to existing channel estimation implementation

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

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

	Spreadtrum
	For full/partial overlapping PDSCHs, alignment of PRG-level grid from multiple TRPs should be supported.

	Qualcomm
	PRG-level alignment is not necessary for the case of multi-TRP with multiple-PDCCH based design.

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

	
	



· FFS: How to ensure the same active BWP between multiple TRPs
	Company
	Comments

	ZTE
	Bandwidth part indicator and dynamic SFI are indicated by DCI from only one of two CORESET groups.  

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

	Panasonic

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

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

	MediaTek
	For a UE expected to receive two PDCCHs from two TRPs, configuration of BWPs configured for this UE is the same for each coordinated TRP. BWP switch command is allowed only from a master TRP. The BWP used by the master TRP always contains the BWP used by the slave TRP.

	Fujitsu
	The following options for BWP switching of multiple TRPs can be considered to ensure the same active BWP between multiple TRPs:
· [bookmark: OLE_LINK57][bookmark: OLE_LINK58][bookmark: OLE_LINK56]Option 1: Dynamic BWP switching is not supported in multi-TRP transmission.
· Option 2: Multiple TRPs coordinate their BWP switching commands in advance and make sure that the same active BWP is indicated in multiple simultaneous DCIs.
· [bookmark: OLE_LINK51][bookmark: OLE_LINK52]Option 3: A UE always follows BWP switching command in DCI transmitted in specific CORESETs.

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

	Nokia
	Dynamic BWP switching is not supported when the UE is supported by multi-PDCCH based multi-TRP transmission.

	Huawei
	From UE perspective, the UE is indicated by multiple PDCCHs with the same BWP id for intra-cell coordination, or the same BWP bandwidth configuration with respect to point A, BWP starting position and bandwidth for inter-cell coordination.



· PDSCH scrambling 
	Company
	Comments

	Samsung
	Enhance the cinit for PDSCH scrambling, e.g. by adding a term with the value from DCI contents such as an HARQ process number for the corresponding CW.

	CMCC
	For multiple PDCCH transmission, different scrambling sequences for codewords from different TRPs/panels should be considered.

	Spreadtrum
	Enhancement on PDSCH scrambling for multiple-TRP multi-PDCCH case should be studied to achieve interference randomization between PDSCHs from different TRPs.

	Panasonic
	For multiple-PDCCH based multi-TRP/panel transmission, different scrambling sequences for PDSCHs from different TRPs should be considered.

	Vivo
	Some fields in PDSCH-Config IE can be extended to map to multiple TRPs with separate configurations.
•	dataScramblingIdentityPDSCH
•	mcs-Table
•	maxNrofCodeWordsScheduledByDCI
•	aperiodic-ZP-CSI-RS-ResourceSetsToAddModList
•	aperiodic-ZP-CSI-RS-ResourceSetsToReleaseList

	Huawei
	Different scrambling sequences for PDSCHs from different TRPs can be supported.


	
	



·  PDSCH Rate Matching  
	Company
	Comments

	ZTE
	Support two rate matching resource groups for two TRPs respectively. The rate matching resources in rate matching resource group i should only be used for PDSCH scheduled by DCI from CORESET group i. 
· two PDSCH-Config. 
· two groups of lte-CRS-ToMatchAround, rateMatchPattern in ServingCellConfig
two groups of CSI-ResourceConfig. 

	Vivo
	For multi-TRP transmission, each TRP should rate match its PDSCH around the CRS of all the LTE cells of all the coordinated TRPs.

	Panasonic
	For multiple-PDCCH based multi-TRP/panel transmission, further study is required to allow rate-matching of PDSCH from one TRP around the PDCCH of other TRP.

For multiple-PDCCH based multi-TRP/panel transmission, pre-emption indication enhancements should not be considered unless a strong need is justified.

	Intel
	For the case of rateMatchPattern, P/SP ZP/NZP CSI-RS, SSB, the rate-matching of PDSCHs scheduled from multiple DCIs is expected to be handled by NW configuration based on semi-static coordination. For the case of lte-CRS-ToRateMatchAround, PDSCH rate-matching around two CRS patterns should be considered with details FFS. For the case of Downlink Pre-emption Indication, a UE may be expected to apply a detected pre-emption indication to all transmissions as in Rel-15.

	MediaTek
	For a UE to be scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs for multi-TRP transmission, the number of CDM groups without data is fixed to 2 for DMRS configuration type 1 and is fixed to 3 for DMRS configuration type 2.

	CATT
	For 2-PDCCH case,
	The allocation of CDM group for each TRP/panel should be configured/indicated prior to NC-JT transmission.
	The overall allocation of CDM groups of all the potentially involved TRPs/panels should be informed to each TRP/panel.

	Lenovo
	Reuse the Release 15 rate matching mechanism for SSB, LTE-CRS, CORESET.
Reuse the Release 15 rate matching mechanism for periodic, semi-persistent or aperiodic ZP or NZP-CSI-RS.
Discuss rate matching for PT-RS in FR2 after RAN1 has agreed on MPUE regarding receiving capabilities.  

	Fujitsu
	[bookmark: OLE_LINK40]Rate matching behaviour of PDSCH should be clarified in multi-TRP transmission,
· [bookmark: OLE_LINK26][bookmark: OLE_LINK27]For the following signals, PDSCH is rate matched around them if they are indicated by the scheduling DCI of the PDSCH, and PDSCH is not rate matched around them if they are indicated by other DCIs.
· [bookmark: OLE_LINK77][bookmark: OLE_LINK25]Aperiodic ZP CSI-RS, 
· Aperiodic NZP CSI-RS
Dynamic rate match pattern 

	CMCC
	For multiple PDCCHs based multi-TRP/panel transmission, rate matching information should be first exchanged among multiple coordinated TRPs, then added into the rate matching patterns, and use DCI to trigger that specific pattern.

	Ericsson
	Each of the two PDSCH in multi-PDSCH scheduling for NC-JT can be configured to be associated with independent rate matching patterns.
The rate matching parameters of RateMatchPattern in the configured ServingCellCon-figCommon are valid for both of the two PDSCHs scheduled by the two PDCCHs.   
Pre-emption indication enhancements for multi-PDCCH have low priority in this WI.
A UE receiving downlink NC-JT scheduling assignments of two PDSCHs can ignore any scheduling where a scheduled PDSCH is mapped to REs used for DMRS of the other scheduled PDSCH to the same UE.
The lte-CRS-ToMatchAround rate matching functionality is extended to allow a UE to be configured with multiple such CRS patterns and is instantiated in ServingCellConfig (which is easily extensible). Whether they apply to all PDSCHs or per PDSCH is FFS.

	Spreadtrum
	For rate matching/puncture/pre-emption mechanisms used for PDSCH in multi-DCI based multi-TRP/panel transmission
-	One PDSCH should rate match around P/SP NZP CSI-RS except from CSI-RS for mobility and P/SP ZP CSI-RS from different TRP;
-	One PDSCH should rate match around periodical rateMatchPattern from different TRP;
-	PI should only apply to the PDSCH scheduled by PDCCH associated with the same “CORESET” in a “PDCCH-config” with the DCI 2_1.

	NTT DOCOMO
	· For multiple PDCCH design for eMBB, rate-matching mechanism for eMBB should be firstly discussed and the rate-matching mechanism considering URLLC should be deprioritized.
· For rate-matching mechanism for multiple PDCCH design for eMBB,
· For ideal backhaul, Rel-15 rate matching mechanism is baseline and can be reused.
· For non-ideal backhaul, support at least one of following
· The rate-matched resources around the other TRP are configured semi-statically
The puncturing of resources around the other TRP is performed dynamically

	Qualcomm
	Aperiodic rate matching / preemption corresponding to a TRP indicated in a DCI is only relevant for the corresponding PDSCH, and not the other PDSCH.
· For fully/partially overlapped PDSCHs, UE expects that the number of CDM groups without data is equal to the total number of CDM groups that are used for both PDSCHs, and the same value is used for a PDSCH in both overlapping RBs and non-overlapping RBs.    

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

	Huawei
	For rate matching/pre-emption mechanisms used for PDSCH in multi-DCI based multi-TRP/panel transmission with non-ideal backhaul,
· The indication mechanism of rate matching pattern shall be enhanced to rate match around “RateMatchPattern” which is associated with the CORESET ID scheduling the PDSCH to protect PDCCH receptions
· PI indication should be enhanced so that the UE may assume pre-emption of a PDSCH according to PI indicated from respective DCI 2_1, which is associated with the same CORESET ID scheduling the PDSCH.
· CRS rate matching mechanism shall be enhanced to rate match around one or two CRS patterns for a PDSCH, which are associated with the same CORESET ID scheduling the PDSCH. 



·  Configurations and monitoring of multiple PDCCH, e.g. 
·  PDCCH DL TRP Differentiation 
	Company
	Comments

	ZTE
	For multiple PDCCH design, introduce one group ID for each CORESET and PUCCH-Config. 
· For PDSCHs scheduled by DCIs from CORESETs with different group ID, the DAI calculation is separate.
For PDSCHs scheduled by DCIs from CORESETs with group ID i, the PUCCH resource/resource set for A/N feedback should be chosen from those in PUCCH-Config with group ID i, where i= 0 or 1.

	Vivo
	CORESETs can be configured into CORESET groups per BWP in RRC signaling, each of which is associated with a TRP.
Some fields in PDCCH-Config IE can be extended to map to multiple TRPs with separate configurations.

	Intel
	Introduce signalling to group CORESETs across CCs into two groups. Signalling could be per CC and using MAC-CE

	Ericsson
	Define a rule for prioritizing PDCCH candidates from different search spaces/CORESETs when they collide.

	Qualcomm
	TRP differentiation can be based on CORESET configuration for multi-TRP transmission with multiple-PDCCH based design.

	ASUSTeK
	In NR Rel-16, support an explicit or implicit TRP identifier associated with a CORESET.



·  The number of CORESETs for multi-TRP reception  
	Company
	Comments

	Huawei
	Support to increase the maximal number of CORESETs up to 6 per BWP per serving cell for M-DCI based multi-TRP transmission.

	OPPO
	At least one additional CORESET can be introduced to support data scheduling by multiple TRPs.

	Vivo
	Maximum number of CORESET per BWP should be further increased from 3 to 6.

	Panasonic
	To support multiple-PDCCH based multi-TRP/panel transmission with intra-cell (same cell ID) and inter-cell (different Cell IDs) by using separate CORESET for each TRP, common channels should be transmitted only using a single CORESET that is transmitted only from a single TRP that can be assigned as a primary or master TRP.

	LG
	Keep the same maximum number of CORESETs per BWP. i.e., 3, and the same maximum number of BDs and CCEs.

	Samsung
	Up to 3 CORESETs per PDCCH-config are enough to support up to two co-scheduled PDSCHs.

	MediaTek
	For multi-DCI based multi-TRP transmission, the number for CORESET per PDCCH-config is 4, 5, or 6 without exceeding a capability value reported by UE.

	Ericsson
	In multi-PDCCH, the maximum number of CORESETs per BWP is at least five.  

	Spreadtrum
	The maximum number of CORESERT per BWP should be at least 4.

	China Telecom
	For Multi-PDCCH based multi-TRP/Panel transmission, 3 CORESETs per “PDCCH-config” is enough.

	NTT DOCOMO
	For multiple PDCCH design for eMBB, support to increase the maximum number of CORESET per BWP for a UE to 4.

	Nokia

	Increase the number of CORESETs per “PDCCH-config” to 5.
Further study the impact of not increasing the number of search spaces per “PDCCH-config”.

	
	



·  The number of BD/CCE for multi-TRP reception 
	Company
	Comments

	Huawei
	Support increasing the maximal number of BD and CCE per slot per serving cell for M-DCI based multi-TRP transmission.
The gNB can assign the maximum number of BDs/CCEs per CORESET so that the UE shall monitor PDCCH candidates from more than one CORESETs at least.

	OPPO
	Consider the mechanism to reduce the number of blind detection with multiple PDCCHs, e.g. restrict the aggregation level/DCI format in search spaces associated with CORESET for secondary TRP.

	Vivo
	Consider further enhancement of BD/CCE upper limit for multi-PDCCH based multi-TRP transmission.

	LG
	Keep the same maximum number of CORESETs per BWP. i.e., 3, and the same maximum number of BDs and CCEs.

	Samsung
	Support BD/CCE extension for NC-JT capable UEs as well as CA capable UEs.
Secure at least on search space per CORESET for NC-JT capable UE with PCell PDCCH overbooking

	Lenovo
	Limit the number of total CORESETs and search spaces configured for all TRPs for a UE to reduce UE complexity.  

	Qualcomm
	For the multiple-PDCCH based design, total number of blind decodes / CCEs should not be increased.

	NTT DOCOMO
	For multiple PDCCH design for eMBB, support to increase the number of blind decoding and RRC configuration of the total number of blind decoding.

	
	




· UL control enhancement 
· UL ACK/NACK feedback for multiple TRP/panels, e.g. 
· PUCCH resource configuration and multiplexing/dropping rules
	Company
	Comments

	Huawei
	For a UE supporting M-DCI based M-TRP transmission, when scheduled to start receiving a first PDSCH starting in symbol j by a PDCCH ending in symbol i, the UE may be scheduled to receive a PDSCH which is fully/partially/non overlapped with first PDSCH with a PDCCH that does not end earlier than symbol i.
For a UE supporting M-DCI based M-TRP transmission, receiving a PDSCH in slot i, with the corresponding HARQ-ACK assigned to be transmitted in slot j, and also receiving another PDSCH in or after slot i, corresponding HARQ-ACK for another PDSCH may be assigned to be transmitted before or in slot j.
Two pools of PUCCH resource sets conveying HARQ-ACK shall be configured to a UE for two TRPs with a TDMed manner between pools within a slot, whereas PUCCH resources within each pool can be overlapped.
To address multiplexing HARQ-ACK/CSI in one slot for M-DCI based NCJT, the UE can establish the linkage/association for HARQ-ACK and CSI reporting by CORESET ID. For a given slot, the UE multiplexes HARQ-ACK and CSI only if HARQ-ACK corresponding to the PDSCH and CSI reporting configuration can be associated to the same CORESET ID, otherwise the UE drops that CSI reporting.

	ZTE
	Support two ‘PUCCH-Config’ corresponding to two TRPs.
For multiple PDCCH design, introduce one group ID for each CORESET and PUCCH-Config. 
•	For PDSCHs scheduled by DCIs from CORESETs with different group ID, the DAI calculation is separate.
•	For PDSCHs scheduled by DCIs from CORESETs with group ID i, the PUCCH resource/resource set for A/N feedback should be chosen from those in PUCCH-Config with group ID i, where i= 0 or 1.

Support TDMed PUCCH resources within one slot to convey separate ACK/NACK feedback for two TRPs
Support separate PUCCH/PUSCH transmission for two TRPs.
· PUCCH/PUSCH can be TDMed with separated HARQ-ACK codebook, CSI feedback
· Power control on PUSCH and PUCCH should be separate for two TRPs
· PUSCH/PUCCH associated with different CORESET groups have different set of PC open and closed loops
· PHR should also be separate for the two TRPs.
· For semi-static ACK codebook, if only one CORESET group is configured in one CC, A/N feedback is not needed for the other CORESET group in this CC.

	Vivo
	Multiple PUCCH-Config IEs can be configured to map to multiple TRPs.

	OPPO
	For separate ACK/NACK feedback for multiple PDCCHs based transmission, TDM within a slot for separate ACK/NACK is supported.
The UE cannot assume simultaneous ACK/NACK transmission from multiple PUCCH resources unless it is further agreed in eURLLC WI later.

If PUCCH resources conveying separate ACK/NACK feedback are overlapped at time, a predefined dropping rule is used to drop ACK/NACK with lower priority.
If ACK/NACK feedback for one TRP overlaps with CSI report/PUSCH for another TRP at time, the CSI report/PUSCH is dropped.

	Panasonic
	For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used,
•	PUCCH resources carrying ACK/NACK feedback can be TDM within the same slot with separated HARQ-ACK codebook
•	Format of the PUCCH could be different, but with the restriction that at least one of PUCCH formats is either PUCCH format 0 or PUCCH format 2.
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, when the PUCCH resources conveying ACK/NACK feedback for different TRPs are overlapped, 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.

	LG
	UE should be able to separate ACK/NACK codebooks for TRP 1 and TRP 2, based on CORESET group indicated by gNB.
Symbol level TDM between ACK/NACK PUCCH for TRP 1 and that for TRP 2 should be supported in the same slot.
If ACK/NACK PUCCH for TRP 1 and that for TRP 2 collide in the same OFDM symbol, one of the two is transmitted based on priority rule and gNB can indicate whether A/N information of dropped PUCCH can piggyback to the reported PUCCH.

When a PUCCH and a PUSCH for different TRPs collide in the same OFDM symbol, 
-	if 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.
-	otherwise, PUCCH is dropped. The A/N information shall or shall not be piggybacked on the PUSCH based on gNB configuration.

	Intel
	Consider the following options for PUCCH resource allocation and indication:
Option 1: Reuse Rel-15 specifications and dropping or multiplexing rules are not specified. The NW ensures TDM of UCI/PUCCH resources
Option 2: Introduce two PUCCH groups that are associated with two CORESET groups if multiplexing rules are to be specified for UCI targeting the same TRP and/or dropping rules are to be specified for PUCCH resource collision between TRPs.
Consider introducing multiplexing of two long PUCCHs in one slot to allow more flexible PUCCH resource partitioning between 2 TRPs in the same slot.
Consider the following options for UCI multiplexing on PUCCH/PUSCH:
Option 1: Reuse Rel-15 specifications and NW ensures the following:
-	Within a PUCCH group, PUCCH resources configured for TRP-1 and TRP-2 are non-overlapping if PUCCH for TRP-1 and TRP-2 can potentially occur in the same slot. If PUCCH for TRP-1 and TRP-2 are TDM-ed in a slot-level (across CCs), no restriction is required
-	Within a PUCCH group, PUCCH resources configured for TRP-1 and PUSCH for TRP-2 are non-overlapping if PUCCH for TRP-1 and PUSCH for TRP-2 can potentially occur in the same slot. If PUCCH for TRP-1 and PUSCH for TRP-2 are TDM-ed in a slot-level (across CCs), no restriction is required
Option 2: Introduce two PUCCH groups that are associated with two CORESET groups if UCI multiplexing/dropping rules are to be specified for PUCCH/PUSCH.

	NEC
	Support FDM PUCCHs or one joint PUCCH for multi-DCI based multi-TRP transmission.
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.
UL/SUL collision in DCI indication.

	CMCC
	Both TDM and FDM within a slot should be allowed for multiple PUCCH resources conveying ACK/NACK feedback if the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources

	Ericsson
	Reuse the NR Rel-15 spatial relation framework for PUCCH for UL TRP differentiation; an association between a PUCCH resource and a CORESET can be made if the active TCI state of the CORESET and the active spatial relation of the PUCCH resource point to the same source DL RS transmitted by the associated TRP. FFS on whether there is any specification impact.
The same mechanism (including details of PUCCH formats) specified in Rel-16 eURLLC can be reused for supporting TDM-based separate ACK/NACK feedback within a slot for the multi-PDCCH case.
The issue of PUCCH resources overlapped in time that carry the ACK/NACK feedback corresponding to the two TRPs is down prioritized in this WI.
Assuming PUSCH can only be scheduled from the primary TRP, the following rules may apply:
•	Aperiodic CSI reporting requests can only come from the primary TRP. Periodic (possibly semi-persistent) CSI reporting may still be configured for the second TRP.
•	When an ACK/NACK toward the primary TRP collides with an aperiodic CSI, the same Rel-15 UE behaviour can apply, i.e., the ACK/NACK would be multiplexed with the aperiodic CSI on PUSCH.
•	When the ACK/NACK corresponding to the primary TRP collides with a PUSCH, it would be multiplexed with data on the PUSCH following Rel-15 UE behaviour.
•	When the ACK/NACK corresponding to the primary TRP collides with a PUCCH carrying periodic or semi-persistent CSI for the primary TRP, the same R15 UE behaviour can apply, i.e., the ACK/NACK is multiplexed with the PUCCH.
•	If the ACK/NACK corresponding to the primary TRP collides with a PUCCH carrying periodic or semi-persistent CSI for the secondary TRP, the CSI would be dropped.
•	If an ACK/NACK corresponding to one TRP collides with a PUCCH carrying CSI toward the other TRP, the CSI is dropped.

	Spreadtrum
	PUCCH resources conveying ACK/NACK feedback can be TDM within a slot with separated HARQ-ACK codebook.
TDMed ACK/NACK transmission from multiple PUCCH resources should be firstly discussed/specified.
· If supporting simultaneous ACK/NACK transmission from multiple PUCCH resources
· It is only applied for FR1
It should be one optional UE capability
Support the following predefined rule for PUCCH/PUSCH collision from different TRPs.
· 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.

	China Telecom
	In order to differentiate PUCCH transmission, Alt. 1 should be supported, i.e., each PUCCH resource is linked with a configuration information for PDCCH. Here, the ‘configuration information’ means CORESET subset ID.

	NTT DOCOMO
	For separate ACK/NACK payload/feedback for multiple-TRP/panel transmission for eMBB, multiple PUCCHs can be transmitted within a slot.
	Note: Multiple PUCCHs for HARQ-ACK within a slot is agreed for Rel. 16 in RAN1#95
Mechanism of multiple PUCCHs for HARQ-ACK transmission within a slot for URLLC should be reused for multi-TRP/panel.
For multiple PDCCH design for eMBB, the format of PUCCH of multiple TRPs can be different.
For multiple PDCCH design for eMBB, UE does not support simultaneous ACK/NACK transmission from multiple PUCCH resources via different QCL in Rel-16.
· 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. 
[bookmark: _Hlk4432684]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

	Qualcomm
	Joint HARQ-Ack codebook should be supported for multi-TRP with multiple-PDCCH based design.
Support intra-UE multiple HARQ-Ack transmissions per slot, where the multiple HARQ-Ack transmissions in a slot can be 
•	transmitted on different OFDM symbols, or 
•	transmitted on overlapping OFDM symbols via different antennas/panels for a UE with MIMO capability.
For the case of TDM, no further multiplexing / dropping rule is needed for PUCCHs corresponding to different TRPs. Network needs to ensure that collisions do not happen through coordination between the two TRPs.
Support introducing different PUCCH resource groups within each PUCCH resource set, where different groups correspond to PUCCH resources that can be used for transmission to different TRPs.
Support intra-UE simultaneous PUCCH and PUSCH transmission via different Tx antennas/panels on the same OFDM symbol for UE with MIMO capability. 
•	Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability.

	Nokia
	PUCCH resources conveying ACK/NACK feedback can be TDM within a slot.
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.
The PUCCH format for ACK/NACK feedback to different TRPs can be the same or different.
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.
When there is an overlap between PUCCH resources for one TRP and PUSCH resource to another TRP, the transmission of PUCCH is prioritized.

	Samsung
	Support the following options at least for HARQ ACK/NACK feedback of NC-JT for eMBB:
Option 1: Single PDCCH and single PUCCH (supported from Rel-15)
Option 2: Multiple PDCCH and single PUCCH
Option 3: Multiple PDCCH and multiple PUCCH (already agreed to support)



· Whether and how to enhance HARQ, e.g.
· Managing HARQ processes
	Company
	Comments

	Huawei
	In order to maintain the same maximum buffer size as Rel-15 and not increase the number of DCI bits, HARQ process for multi-DCI based multi-TRP/panel transmission should be implicitly increased to 32 by using, e.g. CORESET ID, to distinguish HARQ processes for scheduled PDSCHs at the UE side.  

	ZTE
	The configured HARQ processes should be divided into two sets, and each set corresponds to one CORESET group.

	OPPO
	Support more HARQ processes as a UE capability.

	Spreadtrum
	A UE maximum number of HARQ processes should be 32 for NC-JT based on multi-PDCCH, in order to maintain consistency with the maximum buffer size of the UE in Rel-15.

	NTT 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.

	
	




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


· TCI state/QCL Indication enhancement for PDCCH and/or PDSCH 
· Mapping of TCI states to CDM groups

	Company
	Comments

	ZTE
	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.
· Number of bits for antenna ports field is the same as Rel-15.


	OPPO
	For DMRS type 2, when 2 TCI states are activated within a TCI code point,
· Each TCI state corresponds to one CDM group if two CDM groups are configured
· One TCI state corresponds to one CDM group and the other corresponds to the other two CDM groups if three CDM groups are configured
· The mapping relationship between TCI states and CDM groups is fixed in specification. 


	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.


	LG Electronics
	Regarding relationship between TCI state and DMRS port(s) for the case of two TCI states indication, sequential mapping between the index of the TCI state included in the same code point of the TCI state field and the index of the CDM group including the DMRS port(s) indicated by DCI should be considered. For DMRS type 2, the first TCI state corresponds to CDM group #0 and the second TCI state corresponds to CDM group #1/#2


	CATT
	For the case 2 TCI states are indicated, while only one CDM group is allocated to the UE, the following alternatives are acceptable:
· Alt.2: dynamic indication of the TCI state to be used in DCI. As all the TCI states can be indicated for single CDM group allocation, higher flexibility can be obtained. However, higher spec. impact is expected with this approach. 
· Alt.3: fixed mapping between TCS state and CDM group, i.e., always use the first or second TCI state. Compared with Alt.1, higher flexibility can be obtained, while the impact on spec. is limited compared with alt.2. 
For the case 2 TCI states are indicated, and more than 1 CDM groups are allocated to the UE, dynamic indication of the mapping between TCI state and CDM group(s) is supported.


	NEC
	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 can only correspond to the remaining one CDM group. 


	Ericsson
	[bookmark: _Toc4495555][bookmark: _Toc4748968]When DMRS Type 1 or Type 2 is configured, and when 2 TCI states are activated within a TCI code point, the first and second TCI state corresponds to CDM group λ=0,1 respectively. 
[bookmark: _Toc4495556][bookmark: _Toc4748969]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: _Toc4748971]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


	China Telecom 

	For single-PDCCH based multi-TRP/Panel transmission, when 2 TCI states are activated within a TCI code point with DMRS occupying 3 CDM DMRS port groups indicated in the same DCI, Alt.2 should be supported, i.e., the UE does not expect to have more than 2 DMRS CDM groups indicated by the antenna port field in the DCI. The mapping rule between TCI states and CMD groups should be further studied.

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Nokia, Nokia Shanghai Bell
	For DMRS type 2, when 2 TCI states are activated within a TCI code point, one TCI state corresponds to the first CDM group and the other TCI state corresponds to the second and/or the third CDM groups.


	
	



· Configuration details of TCI states
	Company
	Comments

	OPPO
	The configuration of two TCI states and one CDM group is only supported for URLLC, where the two TCI states are respectively applied to the repetitions of one TB.

	Panasonic
	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.

	Samsung
	TCI field payload is not increased at least for FR1.

	Ericsson
	[bookmark: _Toc4748972]Extend the number of bits in the TCI field from 3 to 4 bits to better support NC-JT with 4-TRP clusters and to improve the flexibility of indicating different layer combinations to different TRPs. 

	Spreadtrum Communications
	For single-PDCCH based NC-JT, the size of TCI field in DCI should be kept as in Rel-15.

	China Telecom
	For single-PDCCH based multi-TRP/Panel transmission, there is no need to increase the size of TCI field in DCI.

	NTT DOCOMO,
	· For single PDCCH design for eMBB, up to 16 TCI states can be activated by MAC CE enhancement.
· For single PDCCH design for eMBB, the number of bits of TCI field in DCI is not increased.

	Nokia, Nokia Shanghai Bell
	The number of bits of TCI field in DCI shall not be increased to support multi-TRP transmission. 

	
	



· DMRS table/DMRS port indication enhancement 
	Company
	Comments

	Huawei, HiSilicon
	For single-DCI based multi-TRP/panel transmission, new DMRS table and Rel-15 DMRS table can be switched by TCI indication with following principles: 
· The bit width of DMRS port indication is the same as that in Rel-15;
· DMRS ports are assigned with at least two CDM groups;
· Multi-TRP based MU cases shall be supported;
· For DMRS type 2, if two TCI states are indicated, DMRS ports in CDM group 0 corresponds to the first TCI state of that TCI code point and the rest DMRS ports corresponds to the second TCI state.


	ZTE
	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.
· Number of bits for antenna ports field is the same as Rel-15.


	VIVO
	Introduce DMRS ports combination (0, 1, 2, 4) and (0, 1, 2, 6) for DMRS type 1 and DMRS type 2 with 2 DMRS symbols respectively.

	Panasonic
	For single-PDCCH based multi-TRP/panel transmission, enhancements related to DMRS port indication should be specified in NR Rel. 16.
For single-PDCCH based multi-TRP/panel transmission, consider translation table approach where to have additional semi-static configured table to indicate the relation among DCI index value, TRP combination and DMRS port indication table.


	Samsung
	Adopt Table 1, Table 2, Table 3, and Table 4 for single PDCCH based NC-JT support.


	CATT
	DMRS ports should be ordered so that a codeword uses port(s) that are CDM-ed or QCL-ed (as much as possible).
No new values are needed in DMRS table to support cross-CDM group allocation of DMRS ports.


	Lenovo, Motorola Mobility
	Design new DMRS port indication tables for single PDCCH, single PDSCH multi-TRP transmission.


	NEC
	Support dynamic switching between single-TRP and multi-TRP scheduling.
For both DMRS type 1 and type 2, when 2 TCI states are activated within a TCI code point, new DMRS tables should be designed. 
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. 


	CMCC
	For single PDCCH transmission, the CW-to-layer mapping and DMRS ports indication should be enhanced to support multi-TRP NCJT transmission.


	Ericsson
	[bookmark: _Toc4748973][bookmark: _Toc4495559]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.

	Spreadtrum Communications
	For single-PDCCH based NC-JT transmission, support enhancement on DMRS port indication for achieving 2 CW transmission with less than 5 layers, e.g., by configuring dedicated DMRS table, or adding more entries into Rel.15 DMRS table.

	China Telecom
	DMRS tables for antenna ports indication needs to be enhanced for single-PDCCH based multi-TRP/Panel transmission.

	Qualcomm Incorporated
	Support introducing new DMRS tables for indication of antenna ports for the case of multi-TRP with single-PDCCH based design. 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.
New DMRS tables can be also used to signal additional scheduling information related to different multi-TRP schemes based on single-DCI design (e.g. schemes 1-4).
For supporting multi-TRP + MU-MIMO, the impact to UE complexity and channel estimation performance needs to be studied.


	LG Electronics
	The DMRS ports combination for either (1,3) or (3,1) for the case of maxLength=2 with one CW should be defined for the enhancement of DMRS port indication for the case of DMRS type 1 as follows.
The DMRS ports combination for (1,3) should be defined for the case of maxLength=1 with one CW, and the DMRS ports combination for either (1,3) or (3,1) should be defined for the case of maxLength=2 with one CW for the enhancement of DMRS port indication for the case of DMRS type 2 as follows.
To map the layers corresponding to different CWs to the DMRS ports included in different CDM groups, DMRS ports order specified in the current DMRS table should be changed as follows.




· Enhancement of CW-Layer mapping across TRPs/panel 
	Company
	Comments

	Huawei, HiSilicon
	For single-DCI based multi-TRP/panel transmission, support LTE-like CW to layer mapping scheme for two, three and four layers spatial multiplexing.


	LG Electronics
	For single DCI based NCJT, two CW transmission with 3 and 4 layers and DMRS port reordering for two CWs should be supported.


	CATT
	 To better support NC-JT in Rel-16, the following enhancements can be considered:
· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups
· flexible codeword-to-layer mapping (additional correspondence) 
Considering the trade-off between complexity/overhead and flexibility, the following mapping scheme is preferred:
· Rel-15 mapping rule is applied, if 1 TCI state is indicated
· LTE mapping rule is applied, if more than one TCI states are indicated


	Lenovo, Motorola Mobility
	The number of CWs for single-PDCCH based single PDSCH multi-TRP transmission should be 2.
For single-PDCCH based single PDSCH transmitted from multi-TRP/panel, change the CW to RE mapping rule such that each CW is transmitted from only one TRP. 


	NEC
	Enhancement on CW to layer mapping (2-4 layers) should be supported for multi-TRP transmission, and two CWs should be supported for 2-4 layers.


	CMCC
	For single PDCCH transmission, the CW-to-layer mapping and DMRS ports indication should be enhanced to support multi-TRP NCJT transmission.

	Ericsson
	[bookmark: _Toc4748967][bookmark: _Toc4495554]RAN1 concludes that there is no change in CW to layer mapping and number of CWs per transmission rank in Rel-16. 


	Spreadtrum Communications
	For single-PDCCH based NC-JT transmission, all MIMO layers corresponding to one CW is transmitted by the same TRP.
Support further enhancement on CW to layer mapping when the number of layers is no more than 4 at least.

	China Telecom
	For single PDCCH based multi-TRP/panel DL transmission for eMBB, two codewords can be mapped to 2, 3, or 4 MIMO layers in Rel-16.

	NTT DOCOMO
	· For single PDCCH design for eMBB, whether flexible CW mapping should be supported or not depends on the performance gap between single-CW and two-CW transmission for 2-4 MIMO layers when the RSRP gap between two coordinated TRPs is small for a UE.
· It is preferred to support mapping 2 CWs to 2-4 MIMO layers in Rel-16.


	Apple
	For single DCI design, considering reusing the existing DCI framework by allowing layers to TRP mapping or CW to TRP mapping

	Nokia, Nokia Shanghai Bell
	For a single NR-PDCCH scheduling separate NR-PDSCH from two TRPs, consider supporting the following.
· Layers from each TRP are mapped to a separate codeword even when the total number of layers ≤4.
· The MCS associated for the transmission from each TRP can be different.
Introduce additional codeword to layer mapping combinations for multi-TRP operation. 

	ZTE
	For single PDCCH design, more flexible CW mapping should be supported for multi-TRP/panel transmission.


	LG Electronics
	When two TCI states for PDSCH DMRS are indicated and value 1 with 2CWs in Table 7.3.1.2.2-4 is indicated, layer 0 and 1 are mapped to CW #0 and layer 2, 3, 4 and 5 are mapped to CW #1.

	
	





CSI

· 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

	Company
	Comments

	OPPO
	Support separate CSI reporting configurations/resources for different TRPs.
Joint CSI reporting for different TRPs is not supported for non-coherent JT.

	LG
	To harvest potential NCJT performance improvement, CSI enhancement reflecting inter-TRP interference should be supported.

	Samsung
	Support the following CSI feedback for NC-JT:
· {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources, where CRI can indicate zero resource selection, and number of layers (RI) equals number of resource(s) indicated via CRI(s)
Extension two-part UCI = (UCI#1, UCI#2) in Rel-15 for NC-JT, where
· UCI#1 is always reported, has fixed payload, and comprises (1) partial CSI for N TRPs and (2) an indication about remaining CSI for N TRPs included in UCI#2; and
· UCI#2 has variable payload, and comprises remaining CSI for N TRPs.

	NEC
	Enhancement on CSI measurement and feedback for dynamic switching between single-TRP and multi-TRP transmission should be supported. And overhead reduction can be studied for the typical cases.
For multi-TRP/panel transmission, inter-TRP/panel interference measurement can be based on CSI-RS resource(s) configured for channel measurement for other TRPs.

	NTT DOCOMO
	To support non-coherent joint transmission in multi-TRP/panel for eMBB, NR Rel-16 should study the CSI enhancement, including
	Configuration and L1 measurement/reporting of a combination of multiple beams transmitted from multiple TRPs/panels simultaneously
	Configuration and CSI measurement to support multiple types of interference hypothesis measurement from multiple TRPs/panels

	Qualcomm
	Support separate and joint CSI reports for CSI feedback for multi-TRP with single-PDCCH based design, where in the joint report a rank indicator pair and a PMI pair are reported.
In addition to separate CSI feedback, joint CSI feedback can be beneficial in the case of ideal backhaul for the multiple-PDCCH based design.

	KDDI
	RAN1 should discuss the maximum number of supported TRPs for multi-TRP CSI measurement/reporting before detailed mechanism for each multi-TRP/panel transmission scheme.

	Nokia
	Separated CSI reporting is supported at each TRP following Rel-15 CSI framework.  

	Vivo
	Joint CSI reporting and separate CSI reporting should both be supported.

	CATT
	to support NC-JT with single PDSCH, joint CSI measurement among coordinated TRPs/panels should be considered. In addition, at least the following CSI feedback quantities need to be included:
PMI/RI for each TRP/panel
CQI for each codeword



Others

·  PTRS indication enhancement
	Company
	Comments

	ZTE
	Support two DL PTRS ports. 
· The maximum number of PTRS ports should be the same as the number of indicated TCI states.
· The number of transmitted PTRS ports is indicated by DCI-indicated TCI codepoint. 


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



· FR2
	Company
	Comments

	Sony
	For single PDCCH design, support to configure dedicated default value associated with SSB/CSI-RS used in beam management, for the DMRS/PDSCH when DCI indication for QCL is used.

	Nokia, Nokia Shanghai Bell
	For single PDCCH design based multi-TRP transmissions, default QCL assumptions for the TRP not carrying the PDCCH should be further studied. 

	ZTE
	CORESET group ID should be carried by MACCE for TCI States Activation/Deactivation of UE specific PDSCH.    
CORESET group ID should be carried by MACCE for PUCCH spatial relation Activation/Deactivation.  

	Vivo
	Active TCI states for dynamic PDSCH QCL indication should be activated per CORESET, rather than per BWP.

	Sony
	For multiple PDCCH design in intra multi-TRP/Panel scenario, support the same Rel15 NR default QCL assumption (QCL used for CORESET) for the DMRS/PDSCH when DCI indication for QCL is used.
For multiple PDCCH design in intra multi-TRP/Panel scenario, support RRC signaling for multiple associations between a PDSCH and a part of SSBs in a half frame when MAC CE indication for Q Support RRC signaling for multiple associations between a TRP/Panel and a part of SSBs in a half frame for intra multi-TRP/Panel scenario.
Current Rel15 RACH resource association with beam may not be enough for the multi-TRP/Panel transmission.CL is used.


	ASUSTeK 

	In NR Rel-16, if scheduling delay is below the threshold, more than one default beam is determined to receive PDSCH. 
-	Determined default beams correspond respectively to receiving beam for CORESETs associated with different TRP.

	OPPO
	Priority should be defined if PDSCHs from multiple TRPs with different TCI states are simultaneously scheduled for a single panel UE.



· PDCCH design
	Company
	Comments

	Samsung
	Support two-level DCIs for single PDCCH based NC-JT at least for non-coverage-limited UEs

	
	




· Joint feedback
	Company
	Comments

	Panasonic
	For eMBB multi-TRP transmission, transmission of joint ACK/NACK feedback for multiple received PDSCHs could be considered only for ideal backhaul scenario.

	LG
	For ideal/small backhaul delay, joint ACK/NACK feedback can be considered and encoding order for semi-static codebook should be defined considering multiple TRPs.

	CATT
	Support both separate and joint PUCCH feedback for multi-TRP/panel transmission based on multiple PDCCHs.

	NTT DOCOMO
	NR Rel-16 should support joint UCI (e.g., ACK/NACK and CSI) payload/feedback for received PDSCHs for multiple PDCCHs based multiple-TRP/panel transmission with ideal backhaul for eMBB.
For multiple PDCCH-based multiple TRPs/panels transmission, both joint and separate DAI counting across TRPs/panels should be supported:
	Whether the DAI is counted jointly or separately can be configured by RRC signaling.

	Nokia
	Consider Joint ACK/NACK payload/feedback for received PDSCHs for scenarios, where TRPs operate as a single serving cell and tight coordination between TRPs is feasible.



NEC: Multiple TA should be supported for uplink transmission based on multi-TRP.
Apple
NR to consider to introduce TCI in UL DCI to configure UL beam for UEs with beam correspondence.
NR to consider to introduce independent beam configurations (TCI or SRI) for both UL and DL for each PUSCH and PDSCH in order to support NCJT.
NR to consider to allow UE to request activation and deactivation of NCJT.
NR to consider to allow NW to activate and deactivate NCJT operation, preferably independently for each BWP.
NR to consider to introduce measurement report to support adaptive NCJT operation.
Qualcomm
For the multiple-PDCCH based design, the impact to UE processing timing needs to be carefully considered given that the UE needs to process multiple DCIs/PDSCHs simultaneously.
UE is not expected to receive transmission from more than one TRP if time and frequency between the TRPs are not tightly-synchronized.
A flexible capability framework should be specified to allow UE to support multi-TRP and legacy operation with area efficient implementations.
Intel:
Consider PDSCH processing time relaxation if the last symbol of the NC-JT PDSCHs are different
Nokia
A UE can be configured with a slot format configuration valid only for multi-PDCCH based multi-TRP transmission, which may be different from slot configuration used for single TRP operation.
For multi PDCCH based multi-TRP transmission, SFI received via DCI format 2_0 is valid only for single TRP operation. 
o	If dynamic SFI is supported for multi-TRP transmission, the UE may either wait a predefined time period (depending on the backhaul latency) to apply the new SFI indication, or UE is expected to receive the same SFI from both TRPs.
ASUSTeK
UE panel status is considered when scheduling DL transmission(s) via multiple TRPs.
RAN1 to support a mechanism to switch single-TRP transmission and multiple-TRP transmission in NR Rel-16.

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


· PDSCH Repetition
	Company
	Comments

	HW, HiSilicon
	Proposal 1: Support spatial domain TB repetition transmission, i.e. scheme 1b (SDM), from M-TRPs for reliability enhancement in Rel-16. 
· Support separate redundancy version, DMRS port(s), TCI state per TB repetition whereas each TCI state corresponding to one TB repetition is associated to DMRS ports(s) per layer set. 
· Support common MCS across all layer sets
· Minor spec effort is needed by enhancing antenna port mapping rules
Proposal 2: Support time domain PDSCH repetition, i.e. scheme 3 and 4, from M-TRPs for reliability enhancement in Rel-16
· For scheme 3, the TB repetitions are within a slot
· Support separate RVs and TCI states on each TB repetition whereas the association of TCI states to different transmission occasions and the indication of time domain resource allocation of mini-slots shall be specified.  
· Support common MCS and DMRS port(s) across all transmission occasions
· For scheme 4, the TB repetitions are with K different slots
· Support separate RVs and TCI states on each TB repetitions whereas the association of TCI states to different transmission occasions shall be specified
Support common MCS and DMRS port(s) across all transmission occasions

	Qualcomm
	Proposal 18: For PDSCH reliability based on single-DCI solution, in addition to scheme 1a which is already supported, specify schemes 2a, 3 and 4. 
· For scheme 2a, max number of simultaneous TCI states n=2.
· Scheme 3 should be specified after scheme 4.
Proposal 19: For PDSCH reliability, 2-DCI based solutions can be deprioritized and the focus should be on single-DCI based solutions

	ZTE
	Proposal 9: Support scheme 3 and scheme 4. 
· The maximum number of indicated TCI states is 2.
· Support dynamic indication of the number of repetitions
Proposal 10: Support FDM scheme 2b.
· The maximum number of indicated TCI states is 2.
· The same number of RB or RBG can be predefined for two TRPs.
Proposal 11: Support SDM scheme 1b.
· The maximum number of indicated TCI states is 2.
Proposal 12: Support SDM scheme 1c, i.e. one transmission occasion is one layer of the same TB with one DMRS port associated with two TCI states.
Proposal 13: Support FDM+TDM and SDM+TDM. 
Proposal 14: Support dynamic switching among TDM, FDM+TDM and SDM+TDM. 
Proposal 15: Support more than rank 1 transmission in each FDM/TDM/SDM repetition for each TRP.

	Samsung
	Proposal 13. Support the following schemes for multi-TRP based URLLC:
· Single CW, multi-layer based scheme for SDM (scheme 1a) 
· Single CW based scheme for FDM (scheme 2a)
Proposal 14. In case that multiple CWs based scheme for FDM (scheme 2b) are supported,
· Secure the same TBS for both CWs 
Consider flexible FD-RA for each TRP

	Ericsson
	Proposal 18 Both SDM single RV (Scheme 1a) and FDM single RV (Scheme 2a) are supported.
Proposal 19 TDM with mini-slot repetition (Scheme 3) is supported for FR2.
Proposal 20 Higher layer configures the UE with possible resource location for each repetition of the PDSCH including repetition positions in time (e.g. single or multiple slot or mini-slot based) and in frequency (e.g. non-overlapping or overlapping). FFS if and how DCI can dynami-cally select among these higher layer configured repetition resources and associated TCI states.

	NTT DoCoMo
	Proposal 3-1:
· Support at least scheme 3 and/or scheme 4 of agreements in the email discussion after RAN1#96 with one DCI scheduling a transport block from multiple TRPs with multiple TCI states
· QCL assumptions/TCI states for PDSCH repetitions are indicated by DCI from multiple sequences of QCL assumptions/TCI states
· Multiple sequences of QCL assumptions/TCI states are configured by higher layer.
· Support RV sequences {0, 0, 0, 0} and {0, 3, 0, 3} for PDSCH repetitions
· One of the RV sequences and starting RV value should be indicatable by the scheduling DCI
· FFS whether the RV sequence and QCL assumptions/TCI states are jointly indicated by one field or separately indicated by different fields in the scheduling DCI 
Proposal 3-2:
· Support mini-slot PDSCH repetition as a function of multi-TRP enhancement for URLLC
· The details of mini-slot PUSCH repetition studied in eURLLC WI should be applied for mini-slot PDSCH repetition as well. 

	Nokia
	Proposal 24: For single DCI based multi-TRP schemes for URLLC, down select Scheme 2 and Scheme 3/4. 
· Further study hybrid scheme for TDM and FDM 
· Further discuss the possible down selection on sub-schemes of Scheme 2. 
All the schemes should reuse Rel-15 TBS determination, rate matching, other physical layer procedures.

	OPPO
	Proposal 18: Only single layer transmission is assumed for URLLC unless it is enhanced in eURLLC topic.
Proposal 19: For scheme 1-4, the same MCS is applied to repetitions of the same TB.
Proposal 20: 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 21: To support diversity transmission of the same transport block from multiple TRPs, specify scheme 1(scheme 1a/1c) and scheme 4 firstly via indication of multiple TCI states for the same transport block. Further study the benefits of scheme 2 (scheme 2a) and scheme 3 as secondary priority.
Proposal 22: For scheme 4, the signaling for Rel-15 slot aggregation can be reused for RV/slot configuration.

	Vivo
	Proposal 19: 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 A/N based on the indicated PUCCH resources in the scheduling DCI.
Proposal 20: Scheme 3 and scheme 4 are supported with further enhancement on mini-slot repetitions.
Proposal 21: Support Scheme 1a with no further specification impact.

	Panasonic
	Proposal 17: For multi-TRP transmission of the same TB, if SDM (scheme 1) is agreed to be supported, then at least the following details (scheme 1a) should be agreed to be supported:
· 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. 
· FFS: Whether different MCS/modulation orders for different layers or layer sets are supported.
Proposal 19: For multi-TRP specification support for URLLC, also multiple PDCCH should be supported to schedule the transmission of same transport block from different TRPs for at least ideal backhaul.
Proposal 20: For multi-TRP specification support for URLLC, multiple PDCCH should be considered to schedule the transmission of same transport block from different TRPs for non-ideal backhaul with same set of scheduling restrictions as for eMBB.
Proposal 21: For multi-TRP specification support for URLLC, support all the four schemes and allow possible combination of one or more scheme for transmission of same transport block from multiple TRPs having ideal backhaul. In other words, there is no restriction in terms of resource allocation.

	LG
	Proposal 13: At least TDM based scheme should be supported for one panel UE in FR 2 and at least one of FDM/SDM based scheme should be supported for latency reduction. Also, several schemes can be applied simultaneously.
Proposal 14: For SDM based URLLC enhancement, scheme 1c for multi-TRP/panel URLLC can be considered. 
Proposal 15: For FDM based URLLC enhancement, multi-PDCCH based multi-TRP/panel transmission should be considered.
Proposal 16: For scheme 4, each of indicated/pre-configured TCI states can be applied to the indicated/pre-configured slot group(s).
Proposal 17: For scheme 3, channel interpolation across mini-slots corresponding the same TCI state can be considered.
Proposal 18: For multi-TRP/panel URLLC, single data layer transmission from each TRP should be the primary focus to achieve URLLC requirement

	CATT
	Proposal 13: Consider the following schemes for URLLC enhancement:
· Scheme 1b can be used for the scenario with higher requirement on efficiency and moderate requirement on reliability enhancement.
· Scheme 2b can be used for the scenario with higher requirement on reliability enhancement and latency reduction.
Scheme 3 and 4 can be used for the scenario with higher requirement on reliability enhancement, relaxed requirement on latency and restrictive resource utilization in frequency domain.

	Lenovo
	Proposal 11: Support scheme 1b, i.e. using single codeword with one RV for each spatial layer or layer set. The RVs corresponding to each spatial layer or layer set can be the same or different.
Proposal 12: For the SDM scheme 1b, restrict the number of transmission occasions to 2.
Proposal 13: For scheme 1b, support different MCS for different layers or layer sets.
Proposal 14: The same DMRS port is associated with all non-overlapped frequency resource allocations corresponding to the same layer, however the number of DMRS ports / layers in each allocation do not need to be the same
Proposal 15: Support scheme 2b, i.e. using a single codeword with one RV for each non-overlapped frequency resource allocation. The RVs corresponding to each non-overlapped frequency resource allocation can be the same or different.
Proposal 16: 
· Support using different MCS for different non-overlapped frequency resource allocations. The set of possible MCSs across the sets may depend on whether total or separate allocated resources are indicated in the DCI.
· Support both resource allocation type 0 and 1.
Proposal 17: “PDSCH mapping type A + PDSCH mapping type A” and “PDSCH mapping type B + PDSCH mapping type B” for single DCI multi-TRP URLLC transmissions should be supported for both FDM and SDM

	Intel
	Observations (summary)-9: Considering both FR1 and FR2 cases, scheme 2a and scheme 4 provides a reasonable balance of performance and UE complexity/specification effort
· Scheme 1b does not provide significant benefit over scheme 1a which is already supported by Rel-15
· Scheme 2b does not provide significant benefit over scheme 2a which is already supported by Rel-15
Scheme 4 (and also scheme 2a when applicable) provides better performance than scheme 3

	NEC
	Proposal 3: At least support FDM for single-PDCCH based multi-TRP URLLC transmission.
Proposal 4: Support scheme 2b with one RV for each TB repetition for single-PDCCH based multi-TRP URLLC transmission.
Proposal 5: Support two MCS for FDM in one singe DCI for TB repetition for URLLC.

	
	




· PDCCH Repetition
	Company
	Comments

	HW
	Proposal 3: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
Proposal 4: To support PDCCH repetition over multiple TRPs/panels/beams, pre-defined rules/configurations can be used to reduce the number of BD and to assist soft combining PDCCH repetitions. 
Proposal 5: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain

	Qualcomm
	Proposal 20: For high reliability use case, support single DCI transmission over multiple TRPs.

	ZTE
	Proposal 1: Support PDCCH reliability enhancement. 
Proposal 2: Beam diversity scheme is considered for PUSCH/PUCCH repetitions.

	OPPO
	Proposal 26: URLLC enhancement for PDCCH/PUCCH can be considered after the enhancement for PDSCH is specified if the time is allowed.

	Panasonic
	Proposal 22: 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 15. Support beam sweeping for PDCCH without dynamic signalling.

	CATT
	Proposal 14:  Consider repetition transmission of PDCCH. The baseline scheme should be SFN transmission based on Rel-15 from multiple TRPs with single TCI state.

	Ericsson
	[bookmark: _Toc4748977][bookmark: _Toc4495564]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 3-6:
· 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 23: 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
	[bookmark: _Hlk528942683]Proposal 21: Study and specify PUCCH repetition / resource selection across multiple beams for enhanced reliability and robustness.

	CATT
	Proposal 16: Support PUCCH repetition with spatial relation switching. 

	NTT Docomo
	Proposal 3-7:
· Support Spatialrelationinfo/precoder-cycling across repetitions for PUCCH repetition.
· FFS flexible indication of Spatialrelationinfo/precoder-cycling across repetitions for PUCCH repetition
· Conclude to support PUCCH repetition within a slot.
FFS details

	
	



· PUSCH Repetition
	Company
	Comments

	HW
	Proposal 6: Rel-16 supports PUSCH repetition over multiple TRPs/panels/beams using multiple precoders 

	Qualcomm
	[bookmark: _Hlk528942702]Proposal 22: For high reliability use case, support PUSCH transmission over multiple panels/beams. 

	OPPO
	Proposal 25: Multiple-TRP based diversity transmission for PUSCH can be considered later based on the outcome of PDSCH enhancement and eURLLC WI.

	CATT
	Proposal 15: Support PUSCH repetition over multiple TRPs in different slots with RRC indicated SRI and RV pattern.

	Sharp
	Proposal:
· Support PUSCH repetition for URLLC reliability/robustness enhancement with multiple TRPs
· Study multi SRI support for reliability/robustness enhancement for uplink; and
Outcome of discussion for PUSCH repetition should be reflected to gNB multi-TRP based PUSCH repetition.

	NTT Docomo
	Proposal 3-3:
· 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.

	Nokia
	Proposal 28: For PUSCH TB repetition with multiple TRPs, a TRP waits certain time period in order receive an indication of successful reception from other nodes, i.e., coordination time interval, before sending UL grant for retransmissions. 
Coordination time interval can be related to backhaul latency, supported service latency, and other parameters. 
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[bookmark: _Toc1144316]7.2.8.2 Enhancements on Multi-TRP/Panel Transmission
R1-1903970	Enhancements on multi-TRP/panel transmission	Huawei, HiSilicon
R1-1904013	Enhancements on Multi-TRP and Multi-panel Transmission	ZTE
R1-1904036	Enhancements on multi-TRP and multi-panel transmission	OPPO
R1-1904096	Further discussion on multi TRP transmission	vivo
R1-1904190	On multi-TRP enhancements for NR MIMO in Rel. 16	Panasonic
R1-1904208	Enhancements on multi-TRP/panel transmission	LG Electronics
R1-1904240	Considerations on Multi-TRP/Panel Transmission	Sony
R1-1904313	On multi-TRP/multi-panel transmission	Intel Corporation
R1-1904449	Enhancements on multi-TRP/panel transmission	Samsung
R1-1904475	Enhancements on Multi-TRP/Panel Transmission	MediaTek Inc.
R1-1904561	Consideration on multi-TRP/panel transmission	CATT
R1-1904572	Discussion of multi-panel/TRP transmission	Lenovo, Motorola Mobility
R1-1904597	Enhancements on multi-TRP transmission	Fujitsu
R1-1904663	Discussion on multi-TRP operation	NEC
R1-1904735	Discussion on multi-TRP/panel transmission	CMCC
R1-1904750	On multi-TRP and multi-panel	Ericsson
R1-1904784	Discussion on Multi-TRP transmission	Spreadtrum Communications
R1-1904860	Link-level Evaluation of Multi-TRP Schemes 	InterDigital, Inc.
R1-1904879	Discussion on multi-TRP/panel techniques for URLLC	Sharp
R1-1904914	Discussion on Multi-TRP/Panel Transmission enhancements	China Telecommunications
R1-1904966	Enhancements on multi-TRP/panel transmission	NTT DOCOMO, INC.
R1-1904982	Considerations on PDCCH design for NCJT	Apple Inc.
R1-1905026	Multi-TRP Enhancements	Qualcomm Incorporated
R1-1905056	Enhancements on Multi-TRP/panel transmission 	KDDI Corporation
R1-1905057	Enhancements on Multi-TRP/Panel Transmission	Asia Pacific Telecom co. Ltd
R1-1905064	Enhancements on Multi-TRP/Panel Transmission	Nokia, Nokia Shanghai Bell
R1-1905153	Enhancements on multiple TRP or panel transmission	ASUSTEK COMPUTER (SHANGHAI)


[bookmark: _Toc1144320]7.2.8.6 Others
R1-1903981	Single PDCCH based multi-TRP/panel transmission	Huawei, HiSilicon
R1-1903982	CSI measurement enhancement for  multi-TRP/panel transmission	Huawei, HiSilicon
R1-1903983	Reliability/robustness enhancement with multi-TRP/panel	Huawei, HiSilicon
R1-1903985	Discussion on CW to layer mapping in single-DCI based multi-TRP transmission	Huawei, HiSilicon
R1-1904018	On single PDCCH design for multi-TRP and multi-panel	ZTE
R1-1904019	On multi-PDCCH design for multi-TRP	ZTE
R1-1904020	Details and evaluation results on multi-TRP for URLLC	ZTE
R1-1904021	Considerations on beam management for multi-TRP	ZTE
R1-1904023	Details and evaluation on UL simultaneous transmission for single TRP	ZTE
R1-1904024	Details and evaluation on UL simultaneous transmission for multi-TRP	ZTE
R1-1904101	Discussion on Multi-TRP based URLLC transmission	vivo
R1-1904102	Performance evaluation and observations for Multi-TRP transmission	vivo
R1-1904214	Discussion on DMRS port indication for NCJT	LG Electronics
R1-1904215	Comparison between multi-TRP schemes for improving reliability	LG Electronics
Electronics
R1-1904453	LLS evaluation on Multi-TRP/panel transmission	Samsung
R1-1904564	Evaluation results of multi-TRP/panel transmission	CATT
R1-1904700	Evaluation results for multi-TRP/panel transmission for eMBB	Huawei, HiSilicon
R1-1904782	Discussion on CSI enhancement for multiple TRP/Panel transmission	Spreadtrum Communications
R1-1904935	Interrupted transmission indication for Multi-TRP Transmission	Motorola Mobility, Lenovo
R1-1905030	Comparison between SFN and other multi-TRP schemes for PDSCH Reliability	Qualcomm Incorporated
R1-1905085	Discussion on preemption indication enhancement	ASUSTEK COMPUTER (SHANGHAI)
R1-1905163	Additional system-level results on NC-JT with different codeword to layer mappings	Ericsson
R1-1905164	Link-level results on the codeword-to-layer mapping for single-PDCCH NC-JT	Ericsson
R1-1905165	Performance comparison of different RV combinations for SDM and FDM based schemes			Ericsson
R1-1905166	NC-JT performance with layer restriction between TRPs	Ericsson
R1-1905167	On the number of TRPs for high reliability at 4 GHz	Ericsson
R1-1905168	Performance evaluation of NC-JT with different clustering approaches	Ericsson
R1-1905169	On MAC-CE signaling impact of Rel-16 TCI indication framework	Ericsson
R1-1905170	Views on CSI framework for multi-TRP	Ericsson
R1-1905179	Additional evaluation results on different multi-trp schemes for reliable PDSCH transmission in URLLC	Ericsson
R1-1905268	Discussion of rate matching methods for PDSCH reliability enhancement schemes with multi-TRP panel	Huawei, HiSilicon
R1-1905270	Reliability enhancement on PUCCH&PUSCH with multi-TRP panel	Huawei, HiSilicon
R1-1905272	Link level Evaluation results for reliability/robustness based multi-TRP transmission	Huawei, HiSilicon
R1-1905273	System level Evaluation results for reliability/robustness based multi-TRP transmission	Huawei, HiSilicon
R1-1905274	Assumptions for multi-panel UEs and simultaneous multi-UE-panel transmission	Huawei, HiSilicon

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
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