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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.
In this document, we summarize companies’ technical preferences/positions in RAN1 94bis with regarding to this objective and provide recommendations offline discussion. Moreover, all Rel15 agreements related to Multi-TRP/panel transmission are also summarized in Appendix for reference. 

2. Proposals of Offline Discussion

Most RAN1 companies have discussed and at least considered Rel-15 agreements related to multi-TRP/panel which were not finalized in Rel-15 due to time limitation and plenary decision. Based on the review, it seems that the majority, with around 10 explicitly supporting companies based on the review, have preference of supporting Rel-15 agreements taking into account basic restriction/clarification of supporting up to two TRPs simultaneously, which will impact specification design thereafter. 

Proposal of Offline Agreements: 
· Following agreements related to multiple PDCCHs design should be specified in Rel-16:
· Multiple PDCCHs each scheduling a respective PDSCH where each PDSCH is transmitted from a separate TRP (as agreed in RAN1 #89)
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot referring to the numerology of PDCCH is 2 within an active DL BWP (as agreed in RAN1 #90)
· Following agreement related to single PDCCH design shall be specified in Rel-16: 
· Single PDCCH schedules single PDSCH where separated layers are transmitted  from separated (up to 2) TRPs (as agreed in RAN1 #89)
· Rel-15 agreements related to multi-TRP/panel can be considered as the starting point of Rel-16 discussion to be discussed or confirmed in RAN1 95 
· Note: 
· UE capability signaling can be discussed later for specific enhancement to mitigate UE complexity
· The objective of Multi-TRP/panel does not intent to discuss and potentially specify message/content exchange among multi-TRP/panel which shall up to network implementation.

	Company
	Comments

	Huawei
	Agree

	ZTE
	Agree

	LGE
	Agree 

	Qualcomm
	Agree 

	Nokia
	Agree 

	ATT
	Agree 

	CATT
	Agree

	CHTTL
	Agree 

	Spreadtrum
	Agree 

	Lenovo
	Agree 

	MediaTek
	Agree in principle,  two PDCCH each of which can only schedule one CW

	DOCOMO
	Rel-15 agreements to be discussed again after non-ideal backhaul assumption is determined

	vivo
	Rel-15 agreements are to be discussed on case by case basis as the scenarios are different in Rel-16

	Ericsson
	Do not agree. We need to take one step at a time and first discuss the scope of this WI. We observe that we cannot design solutions with RAN2 impact due to the lack of TU in RAN2 for this WI. After all the RAN2 load was what stopped us in Rel-15, and we cannot repeat the same mistake by making the same decisions with excessive RAN2 impact that RAN2 cannot complete. If in doubt we need to send an LS to RAN2 to guide us in the selection of possible schemes for this WI.
As agreed in Busan, the Rel-15 agreements can be a starting point for discussion of potential schemes to consider, but un-implemented agreements should not carry over different releases as a general principle. We should consider the current state of RAN1 specification before making agreements, not the state of the RAN1 specifications on year ago. It is proposed to make decisions on what multi-TRP scheme to specific considering the targeted backhaul scenarios, RAN2 impact of the schemes, performance of the scheme over the baseline and available TU allocation. Let’s do evidence based standardization!

	Intel
	Agree in principle to the FL proposal. We sympathize with the comments from Ericsson and we feel that there is a path to address the comments (like minimizing RAN2 impact considering TU allocation, mapping Tx schemes to backhaul scenarios, performance evaluation) while agreeing with the FL proposal. We think we can take a tiny step forward with the FL proposal.

	LGE
	We agree to support both single and multiple DCI. Furthermore, if prioritization is needed between single DCI and multi DCI, we prefer to focus on single DCI first since it has a minimum RAN2 impact and fewer remaining issues compared to multi DCI. Also, if operators see the practical need of multi-TRP/panel transmission in ideal backhaul with optical fiber single DCI has priority obviously.
Additionally, all other agreements related to multi-TRP/panel transmission in Rel-15 at least should be confirmed as working assumption in order to avoid or minimize duplicate discussion.

	Samsung
	Similar view with vivo. Rel-15 agreements on multi-TRP were made before the Rel-15 specs are stabilized. Each agreement needs to be re-checked carefully. For instance, we believe that the maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot referring to the numerology of PDCCH is larger than 2 even in Rel-15, if we consider PDSCH mapping type B.
Consequently, the following general agreements should be enough for now:
o	Rel-15 agreements related to multi-TRP/panel can be considered as the starting point of Rel-16 discussion to be discussed or confirmed in RAN1 95



Based on the review, it seems that RAN1 companies have vastly different view of technical proposals. It can be too premature to exclude proposals in RAN1 94bis. However a certain trend can be shown, e.g. starting from/confirming Rel15 agreements directly and/or and some other enhancements, for multiple/single PDCCH based DL transmission. CSI measurement and reporting enhancements were mostly discussed at high level and can be evaluated/discussed further for detailed specification changes. Reliability/Robustness enhancement for DL transmission, in general, has considered spatial diversity schemes using multi-TRP where details need to be studied. Some companies discussed also multi-TRP/panel based reception of UL transmission, which can be enhanced for eMBB and URLLC. Lastly but not least,  some companies have assumed multiple UL panel in UL enhancement, which can be overlapped with other MIMO objectives in Rel16.  However single/multiple UL panel assumption is only applicable for FR2. 

Based on above understanding, the feature lead recommends following categorization of technical proposals at very high level, for the ease of discussion and progress in future meetings.  More specific proposal can be found in section 4 based on following categorization.
 
Proposal of Categorization of Technical Proposals:
· Note that proposed categorization intends to summarize technical proposals, based on WID descriptions and RAN1 94bis tdoc submission, for the ease of future evaluation and discussion. Technical categorization does not mean to exclude specific proposal. 
· Note that companies are encouraged to clarify assumptions of technical discussion related to DCI design, eMBB/URLLC services, backhaul condition and network coordination.
· Category 1: Multiple-PDCCH based multi-TRP/Panel DL transmission: 
· Multiple PDCCH detection at the UE side
· Enhancement/Restrictions of DCI fields and/or formats
· UL transmission related to DL control  
· Other enhancements are not excluded for this category
· Category 2: Single-PDCCH based multi-TRP/Panel DL transmission: 
· Enhancement/Restrictions of DCI fields and/or formats
· Enhancement of CW-Layer mapping across TRPs/panel 
· Other enhancements are not excluded for this category
· Category 3: CSI Measurement and Reporting enhancement for Multi-TRP/panel
· Category 4:Reliability/Robustness enhancement with Multi-TRP/Panel for PDCCH/PDSCH transmission
· Category 5: gNB multi-TRP/panel based PUCCH/PUSCH reception, assuming UL UE panel-independent operation 
· Category 6:Reliability/Robustness enhancement with gNB Multi-TRP/panel based PUCCH/PUSCH reception, assuming UL UE panel-independent operation 

Please comment so that technical categorization can be more helpful for further discussion during future meetings. 
	Company
	Comments

	Huawei
	Category 5 may need to be updated once the study of UL multi-TRP/panel UL reception can be more mature. 

	Vivo
	UE transmission with multi panel should also be included in the work plan.
Cat 1 shall include UL. Cat 4 shall include PUSCH. 
[HW] I prefer to separated consideration of PDSCH and PUSCH otherwise the technical discussion can be difficult. Rel16 optimization/operation can be different for DL/UL. So Cat 1/2/4 are for DL. Cat 5 is for UL and can be updated once more study is done after one or more meetings.

	ZTE
	Category 3 may be further split into two for category 1 and 2 respectively;
Which one is for uRLLC requirements? Can it be under each Category?
DMRS port indication, e.g. multiple DMRS groups is very related with single PDCCH case. It should not be kicked off so late.
[HW] Cat 3 may not be split immediately since the mechanism of CSI measurement/report shall be consolidated as much as possible to mitigate UE burden and spec complexity. But update a little bit to address your concern. We can update if necessary after one or more meetings. 
For DMRS port indication, it is a part of Cat 1 or 2 under “Enhancement/Restrictions of DCI fields and/or formats based” on my understanding. 


	CATT
	For both category 1 and 2, potential issues such as DMRS port grouping, DMRS table enhancement, etc., should be considered as well.
[HW] It is a part of Cat 1 or 2 under “Enhancement/Restrictions of DCI fields and/or formats” based on my understanding. 


	AT&T
	For category 1 and 2 DMRS port grouping and table enhancements should be considered. 
[HW] It is a part of Cat 1 or 2 under “Enhancement/Restrictions of DCI fields and/or formats” based on my understanding. 


	Ericsson
	We support an approach of making categorization for discussion and evaluation. It is important that we also have a common understanding of a baseline, e.g. techniques already supported by Rel.15 NR: single TRP, DPS across up to 8 TRP, NR-NR DC across 2 TRP. Note that these categories are for analysis only, it does not mean that we specify a scheme that is in this list. Comments:
· Cat.1: If we have multiple PDCCH, I assume we also must have multiple PDSCH (it doesn’t make sense otherwise). Can we limit the scope of this WI to at most two TRPs involved in the transmission?
· Cat.2: Same as Cat.1, can we limit to two TRPs?
[HW] Thanks a lot for your understanding. The categorization is trying to help the discussion otherwise our views look so diverse. 
For the first comment, that is the exact reason that I have proposed to confirm a small subset of Rel-15 agreements to limit the scope of discussion/design. 
 For the second comment, I have done similarly for the case of single DCI. 

	Intel
	Agree with comments from CATT, AT&T
[HW] It is a part of Cat 1 or 2 under “Enhancement/Restrictions of DCI fields and/or formats” based on my understanding. 


	LGE
	For category 2, DMRS port grouping, PTRS port mapping, and DMRS table enhancements should be considered.
[HW] It is a part of Cat 1 or 2 under “Enhancement/Restrictions of DCI fields and/or formats” based on my understanding. 


	DOCOMO
	Reliability enhancement for PUSCH should be also included in Category 4
The evaluation assumption for URLLC should consider the output of URLLC SI and may not be the same with eMBB case
[HW] I tends to have separated discussion of DL and UL. URLLC for PUSCH is under Cat 5. The category of PUSCH/PUCCH can be updated once the study/evaluation is relatively more mature. 
Evaluation assumption of URLLC/eMBB can be different and led by Youngsoo. 


	Nokia
	Category 1: Does “UL transmission related to DL control” mean UL ACK/NACK for DL transmission? We understand this to be an important topic under this category. 
Category 5: This category includes consideration of spatial diversity alone as well as spatial diversity in combination with time/frequency diversity. The impact on spectral efficiency is different in each case and should perhaps be considered.
[HW] For the first question, yes and I do see that it is one of popular topics so far in this objective.  For the second question, I don’t have a good answer until more study for different UL transmission schemes can be done within next meetings.  Certainly once we can understand better, some options/schemes can be summarized further under Cat 5. 


	Samsung
	It seems that category 2 potentially induce DMRS port grouping and/or DMRS table enhancements. However, we don’t see a reason to add the same issue for category 1.
[HW] Indeed Cat 1 may not address the issue of DMRS port grouping but it may involve changes of DCI format/field like multi-stage DCI. So I do see that for both Cat 1 and 2 may have some different preference of “Enhancement/Restrictions of DCI fields and/or formats”, to how to enhance control signalling. 

	Qualcomm
	The current proposal of categorizations needs to be adjusted to be aligned with plenary decision. Therefore, we think that 3 main bullets should follow 3 main bullets in the WID (DL control enhancements; UL Control Signaling, and URLLC use case). These can be further subdivided as follows:
· DL control signaling enhancements
· 1-DCI case
· This includes DMRS/PTRS antenna port indication.
· 2-DCI case
· UL control signaling to support the cases above including
· HARQ-Ack
· CSI measurements and reporting
· Multi-TRP enhancements related to the URLLC use case including but not limited to all aspects above. 
For all the aspects above, backhaul assumptions need to be clarified / discussed.
[HW] 
1 or 2 DCI cases are split due to quite distinct enhancements based on my review for proposals on the table so far. DMRS/PTRS antenna port indication is under “Enhancement/Restrictions of DCI fields and/or formats” in both Cat 1 and 2. So yes it is already there. 
HARQ-ACK is under “UL transmission related to DL control” in Cat 1, which is one of popular topics. I think that it links with multi-DCI detection closely so that I put them together in Cat 1. 
CSI measurement and reporting is one dedicated category due to its specific consideration.  
For URLLC based PDSCH/PDCCH, I can see some good proposals so that I tends to discuss in Cat 4 more specially. For URLLC based PUSCH/PUCCH, we can discuss more in Cat 5.  You are welcome to propose more URLLC multi-TRP related design and the categorization does stop companies making new proposals.  
The last comment is addressed in red. 
Therefore I don’t think that we have very different view here? ^-^




[bookmark: _GoBack]Based on tdoc review, there may some potential overlap among MIMO objectives in Rel16, which may lead to some difficulty of technical discussion even within the same WID. So the clarification may be needed so that other MIMO objectives can take related design into account in order to have more constructive and targeted technical discussion. Such clarification is be included in the Rapporteur Rel-16 plan in [R1-1811801] and to be coordinated among feature leads. 

3. Work Plan 

A general work plan is summarized as following. It intends to provide expectation at high level and can be updated based on tdoc expectation. 

Generally speaking, we may focus on DL control signaling design for DL multi-TRP/panel transmission for eMBB/URLLC, then for UL multi-TRP/panel reception for eMBB/URLLC. UL control signaling and/or CSI feedback related to DL control signaling can be discussed at the same time as a part of system design, if it is related to DL control signaling. Specific enhancement shall be justified by technical justification and/or evaluations as much as possible.  

For RAN1 94bis, it may be expected to: 
· Evaluation assumption of scenarios/metrics for Multi-TRP/panel operation with ideal/non-ideal backhaul
· Summary/Categorization of proposals at high level,  starting from Rel15 agreements if applicable, to see any majority view
For RAN1 95bis, it may be expected to: 
· Continue summarizing/categorizing of proposals, based on tdoc submission. 
· Continue discussing high level design principles for DL control design by considering SLS and/or LLS results in Rel16, to see any majority view

	RAN1 94bis
	· Evaluation assumption of scenarios/metrics for Multi-TRP/panel operation with ideal/non-ideal backhaul
· Summary/Categorization of proposals at high level,  starting from Rel15 agreements if applicable, to see any majority view

	RAN1 95
	· Continue summarizing/categorizing of proposals, based on tdoc submission. 
· Continue discussing high level design principles for DL control design by considering SLS and/or LLS results in Rel16, to see any majority view

	RAN1 Ad-hoc
	· Finalize high level design principles of DL control design, roughly 30% completion of DL/UL transmission  
· Note that if UL control/CSI related to DL is identified to be necessary, it may be agreed in principle whereas details can be discussed until RAN1 97
· Note that if RAN2 impact was identified, send a LS to RAN2 to kick off RAN2 discussion in RAN2 105 in Feb 2019

	RAN1 96
	Continue the discussion of DL control design, roughly 60% completion for DL/UL transmission

	RAN1 96bis
	Strive for finalize DL Control design, at least be relatively stable in Rel16, roughly 90% completion of DL/UL transmission

	RAN1 97
	· Contingency for DL control design 
· Kick off the study phase of UL control signalling and/or RS to improve DL/UL transmission. 
· Note that if UL control/CSI enhancement has been agreed in principle before, related specification design may start accordingly from RAN1 97

	RAN198
	Finalize the study phase at least, by concluding remaining details to be specified in Rel16 for UL control signalling/RS

	RAN1 98bis
	Strive to finalize details of specification of  UL control signalling/RS

	RAN1 99
	Contingency for remaining issues of Rel16 for multi-TRP/panel, UE capability and some loose ends of specification



	Company
	Comments

	Ericsson
	For RAN1#94bis, we also need to 
· Discuss and agree on the baseline for the evaluations and enhancements. 
· Identify schemes with RAN2 impact (such as changes in PDCP,RLC or MAC protocols or architecture) and if identified, send an LS to RAN2 asking for the feasibility of such scheme

I note RAN1 Ad-hoc contains a plan to send an LS to RAN2 to kick off RAN2 discussions. Based on the fact that they have 0.5 or 1 TU per meeting, we shouldn’t expect any impact from this WI on their work except ASN.1 and defining UE capabilities. However, as Ericsson stated in our reply above, we need to involve RAN2 early to get a view on feasible schemes. 

We are also not sure discussion on UL control signaling can be decoupled from DL control signaling and serialized, as is proposed in the work plan. In our understanding, the DL and UL control signaling are tightly coupled and will depend on the architecture options chosen to support multi-TRP.

	
	



4. Summary of Technical Proposals:

The section is to summarize companies’ positions/proposals for this objective. The summarization does not intend to exclude specific proposals but provide an overview of companies for each category/sub-category/specification component, based on high level categorization. Text proposals can be further updated by companies.  

Category 1: Multiple-PDCCH based multi-TRP/Panel DL transmission 
· Multiple PDCCH detection at the UE side
· [10]: 
· Reduce the number of blind decoding and DCI formats to be monitored, RRC signaling to indicate about the maximum number of PDSCH and PDCCH
· [23]: 
· Separate CORESET from each TRP
· [11]: 
· Allow the UE to monitor more CORSETs within a slot
· [18]: 
· Fixed time/frequency relationship between two DCIs, and/or independent CORSET configuration 
· [2]: 
· UE behavior with multiple NR-PDCCH detection shall be discussed and clarified.
· [3]: 
· Multiple PDCCH-config
· Enhancement/Restrictions of DCI fields and/or formats
· [10]:  
· Study multi-level DCI for Multi-TRP/panel with ideal backhaul 
· Don’t expect any additional fields in the DCI will give significant benefit, propose to reuse the same contents as that of Release 15 unless significant benefits are shown.
· [14]: 
· Hierarchical (two-level) DCI and CA-like (multiple)  DCI with the same format 
· [3]: 
· Multi-level DCI with some dependency between different levels
· [11]: 
· Rules/restriction or DMRS configuration across TRPs 
· ZP-PTRS for orthogonal PTRS ports across TRPs
· [6]:
· Up 2 CWs over scheduled NR-PDSCH
· two PDSCHs scheduled by two PDCCHs are with identical BWP
· [18]:
· DCI content can be further optimized or compressed
· Consider to introduce assistance field in one DCI to aid the decoding of the other DCI
· Assistance information in DCI for TRP indication/disabling 
· [8]:
· Focus on PDSCH with completely overlapped in time/frequency resources 
· [13]:
· One CW per NR-PDCCH
· [16]:
· 2-level DCI for NC-JT to reduce the blind detection complexity
· [2]:
· Each UE can receive PRB allocation independently with two DCIs
· [7]:
· No need to create one two-level DCI structure
· UL transmission related to DL control  
· [17]: 
· ACK/NACK and/or CSI per TRP 
· [10]: 
· Individual PUCCH for ACK/NACK, CSI and SR
· [22]: 
· UCI to be reported to corresponding TRP/panel
· [23]: 
· ACK/NACK for each CW per TRP which has transmitted the scheduling NR-PDCCH
· [21]: 
· Joint and separate HARQ-ACK for TBs from different TRPs
· TRP differentiation for the case of separate HARQ-ACK
· TDM/SDM for multiple HARQ-ACK transmission 
· [11]:
· UCI TDM-ed for different TRP (cell) 
· [15]:
· A/N and CSI feedback for different TRP 
· [16]:
· Support the maximum number of 32 HARQ processes
· Reconfigurable the number of HARQ entities 
· [2]：
· The transmission of ACK/NACK per scheduled PDSCH, e.g. resource allocation for PUCCH, the mapping between ACK/NACK and scheduled PDSCH, should be specified in Rel-16
· The design of HARQ processes indicated by multiple DCIs should be investigated in Rel-16
· Other enhancements are not excluded for this category
· [3]: 
· Multiple PDSCH-config
· [11]: 
· Single FFT window implementation with tight synchronization for both ideal and non-ideal backhaul 
· Study processing time requirements due to multi-HARQ and multi-TB
· [5]:
· A Unified DCI signaling solution applicable for all scenarios
· Multiple DCI scheduling multiple PDSCH/PUSCH shall be the starting point
· Collision issue of co-scheduled PDCCH/PDSCH
· [18]:
· UE request-based activation and deactivation of NCJT
· Network based activation and deactivation of NCJT
·  [2]：
· In order to whiten PDSCH interference among TRPs, introducing different scrambling sequence for PDSCHs from different TRPs should be considered
· [11]:
· The ability to configure 3 CORESETs per BWP with multi-TRP operation could be limiting. We propose to study mechanisms that allow the UE to monitor more CORESETs within a slot while studying options for containing the worst-case and the typical UE PDCCH monitoring complexity.
· [15]
· Collision issue of co-scheduled PDCCH/PDSCH
· [23]:
· Cross TRP PDCCH scheduling PDSCH


Category 2: Single-PDCCH based multi-TRP/Panel DL transmission
· Enhancement/Restrictions of DCI fields and/or formats
· TCI state/QCL enhancement for PDCCH and/or PDSCH
· [17]: 
· More than one TCI state for PDCCH/and/or PDSCH
· [3]: 
· One TCI state indicates more than one QCL RS sets/DMRS groups
· [11]:  
· Enhance TCI signaling to include different QCL Information for different DMRS antenna port groups
· How to derive the default spatial QCL assumption for PDSCH if the scheduling offset is smaller than certain threshold
· [6]:
· Treat multi-beam transmission from panels on either the same TRPs or on different TRPs as individual TRPs
· [8]: To be studied
· [12]: 
· DMRS ports within the same CDM group should also be QCLed
· [13]:
· TCI state is extended to one or two RS sets, each of which indicates a QCL relationship for a DMRS group
· [2]：
· The QCL assumption for PDSCHs from different TRPs should be enhanced
·  [18]: 
· 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
· [7]:
· QCL information for more than one TRPs should be included in TCI

· RS signaling enhancement, e.g. DMRS port/DMRS port group/PTRS: 
· [23]: 
· Indications of combinations of the number of ports 
· [3]: 
· New DMRS port indication table 
· [10]: 
· 2 PTRS signaling for multi-Panel
· [4]: 
· DMRS port re-ordering for 2CWs 
· [11]: 
· DMRS port group shall be defined 
· Multiple PTRS ports associated to DMRS port group
· [6]:
· Single COSESET with one TRP/one QCL assumption 
· [7]
· Dynamic grouping of DMRS ports, DMRS port re-ordering to ensure QCLed or CDMed DMRS ports per CW
· [13]:
· One DMRS port group is associated with one PT-RS port
· [15]:
· Signaling for multiple DMRS groups/PTRS ports
· [16]
· Singe/multiple TCI state(s) with multiple groups of RS ports
· [2]：
· DMRS port indication enhancement for multi-TRP/panel scenario should be enhancement
· [21]
· Enhance antenna port indication of DMRS/PTRS and corresponding QCL for multi-TRP
· Resource allocation signaling: 
· [23]: 
· Fully overlapped among TRP only
· [6]: 
· One field for resource allocation
· Enhancement of CW-Layer mapping across TRPs/panel 
· [23]: 
· Layers from each TRP are mapped to a separated CW when total layers <=4
· [3]: 
· More flexible CW mapping 
· [4]:
·  2 CWs for 3 and 4 layers
· [7]: 
· 2-codeword transmission for rank 2-4, at least for the case with multiple DMRS port groups
· Flexible codeword-to-layer mapping (additional correspondence) 
· [8]: to be studied 
· [12]: 
· Consider CW-to-Layer mapping enhancement
· [15]:
· Potential enhancement on CW to layer mapping
· [2]:
· Mapping Two CWs to two or more layers of PDSCH
· [18]: 
· [bookmark: OLE_LINK2]For single DCI design, considering reusing the existing DCI framework by allowing layers to TRP mapping or CW to TRP mapping.
· Other enhancements are not excluded for this category:
· [12]: 
· Dynamic switching between single/multi-TRP scheduling 
· [13]:
· Reuse the same DCI format as the single TRP case
· [24]:
· Support to have group/panel/TRP ID for both DL and UL
· The number of group ID shall be configurable 
· Support PDCCH order handover operation 


Category 3: CSI Measurement and Reporting enhancement for Multi-TRP/panel 
· Companies are encouraged to clarify assumptions of CSI enhancements related to UE complexity, backhaul condition and network coordination.
· [10]: 
· UE recommends the layer mapping within each codeword
· [14]: 
· Two-part UCI reporting, {CRI, CQI} feedback for each TRP with 1-port CSI-RS resources
· [4]: 
· Need CSI enhancement reflecting inter-TRP interference 
· [17]: 
· Multi P-CSI/A-CSI report multiplexing
· Consider partially overlapping resource allocation
· [22]: 
· Multi-beam based L1 measurement/reporting, UCI multiplexing,  multiple measurement hypothesis
· [3]: 
· More than one QCL RS sets per CSI-RS resource 
· [11]: 
· Multi-panel reception with the same Tx-beam, CSI feedback of multi ranks/PMI/CQI considering inter-TRP interference 
· [5]: 
· Shall be fully evaluated in order to justify performance gain
· [7]: 
· CSI enhancement if new codeword mapping rule is introduced
· [12]: 
· CSI enhancement for dynamic switching between single/multi-TRP, and CSI overhead reduction 
· [13]:
· At least two different QCL assumptions per NZP CSI-RS resource
· [16]:
· Once CSI reporting setting to report joint CSI across TRPs 
· [8]
· Enhancement to CSI feedback for multi-TRP/multi-panel CS operation for dense deployment scenario is FFS.
· [18]:
· L1/L3 measurement report for dynamic NCJT operation 
· [21]:
· CSI feedback for choosing transmission schemes
· Joint CSI reporting vs. separate CSI reporting to each TRP.
· [15]:
· CSI feedback enhancement to support non-coherent JT


Category 4: Reliability/Robustness enhancement with Multi-TRP/multi-Panel for PDCCH/PDSCH transmission 
· PDSCH enhancement: 
· [22]: 
· PDSCH repetition with precoder/QCL/RV cycling 
· [25]: 
· Repetition transmission across multi-TRP
· [23]: 
· PDSCH repetition among TRPs
· [3]: 
· Repetition of TBs in the case of ideal backhaul
· [21]: 
· Single TB across disjoint RBs from two TRPs
· [7]: 
· DL diversity transmission across multiple TRP 
· Repetition transmission across multiple TRPs
· [2]：
· Diversity based multi-TRP/panel transmission for PDSCH should be considered in Rel-16, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains.
· [4]：
· Slot aggregation for the same PDSCH transmitted from multi-TRP can be considered in both single DCI and multiple DCI based CoMP
· PDCCH enhancement:
· [22]: 
· PDCCH repetition with precoder/QCL cycling
· [25]: 
· Repetition transmission across multi-TRP
· [23]: 
· PDCCH repetition among TRPs
· [14]: 
· PDCCH beam sweeping 
· [21]: 
· PDCCH repetition among TRPs
· [11]: 
· Consider solutions of increase PDCCH reception reliability 
· [7]:
·  Consider the requirement of control channel design for  the indication of data combination way, resource allocation and diversity scheme
· [2]：
· Diversity based multi-TRP/panel transmission for PDCCH should be considered in Rel-16, i.e. with different RV and/or TCI states of same content applied to spatial and/or time domains.
·  Other enhancements are not excluded for this category:
· [20]: 
· Study diversity-based transmission and network coding 
· [10]:
· RAN1 should study efficient mechanism to indicate URLLC traffic to the UE for better reception

Category 5:  gNB multi-TRP/panel based UL reception, assuming single or multiple active UE UL panel(s) without panel switching 
· PUSCH enhancement:
· [22]: 
· PUSCH repetition with precoder/SRI/RV cycling 
· [3]: 
· Codebook based multi-panel PUSCH transmission
· [23]: 
· single-TA and multi-TA based transmission, up to 2 PUSCH
· [8]:
· Study PUSCH with 2 and more UE UL panels 
· PUCCH enhancement: 
· [22]: 
· PUCCH repetition with spatial relationship cycling 
· [21]: 
· PUCCH repetition/resource selection across multiple TCI states
· Channel dropping for simultaneous PUCCH/PUSCH transmission  
· [15]:
· Beam management  for A/N or CSI targeting different TRPs/panels
· Other enhancements are not excluded for this category
· [12]
· Multiple TA for UL transmission 
· [18]: 
· TCI in UL DCI to configure UL beam with beam correspondence 
· Independent beam configurations (TCI/SRI) for each PUSCH and PUCCH
· [9]
· UE side panel information for simultaneous Tx/Rx at the UE
· SRS resource set/resource considering  UE side panel information 
 
· [5]:
· Simultaneous UL transmission of PUCCH, PUSCH, SRS or PRACH should be studied for the multi-TRP/panel transmission.
· Simultaneous UL transmission of PUCCH, PUSCH, SRS or PRACH should cover both FR1 and FR2.  
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Appendix – Agreements of R15 related to multi-TRP transmission
· For coordination schemes
Agreements in RAN1 #87:
· NR supports both semi-static and dynamic network coordination schemes
· Study interference measurement details
· Including aspects related to measurement sets 
· The network coordination schemes should consider at least the following schemes:
· DPS/DPB
· CS/CB 
· Non-coherent JT
· Coherent JT
· eICIC
· Whether each scheme requires specification support or not is FFS
Agreements in RAN1 #87:
· In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered. 
· E.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.
Agreements in RAN1 #87:
· NR should consider advanced receiver at the UE, by studying:
· Joint reception of multiple data streams from one or more TRPs/panels
· Interference cancellation/suppression
· One or more data stream(s)
· Reference signal(s)
· Potential notification the UE of the information related to interfering signals, e.g., MCS, CSI-RS ports, DM-RS pattern and transport block size, # of layers, MIMO mode, etc.
· Potential blind detection of information regarding interference
· Potential joint channel estimation and reception of data
· Potentially different numerologies (e.g., tone spacing, etc.)
Agreements in RAN1 #87:
· Study network side calibration to assist cross-TRP and cross-panel operation, e.g.:
· Necessity of same-panel calibration and specification impact, if any
· Potential UE-aided calibration: transmit/receive calibration signaling between gNB and UE(s)
· E.g., UE-aided calibration may use feedback from UE to gNB 
· Other methods to assist cross-TRP and cross-panel operation are not precluded
Agreements in NR Adhoc#1:
· Support NR downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul:
· Note: the case of supporting same NR-PDSCH data stream(s) may or may not have spec impact (to be further studied especially comparing performance/complexity relative to standard-transparent operation)
· Study how to perform resource scheduling especially with respect to whether to use one or more NR-PDCCH for a UE 
· Consider, e.g., backhaul conditions, UE complexity, feasibility of NR-PDCCH demodulation if from multiple TRPs, NR-PDCCH overhead, performance, etc.
· Study network coordination schemes with ideal & non-ideal backhaul links, considering 
· Fast CSI acquisition
· e.g. coordinated TRPs obtain CSIs through physical air interface
· e.g. SRS configuration exchanging between different TRPs
· Other techniques are not precluded
Agreements in RAN1 #88bis:
· Support NR reception of at least one but no more than two of the following 
· Single NR-PDCCH corresponding to the same NR-PDSCH data layers from multiple TRPs within the same carrier
· Note that: this is intended to have spec impact
· Single NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier
· Multiple NR-PDCCH corresponding to different NR-PDSCH data layers from multiple TRPs within the same carrier 
· In case of multiple NR-PDCCH, consider the following for the reduction of  UE PDCCH detection complexity. 
· Note the following may or may not have RAN1 specification impact. 
· Note that different NR-PDSCH data layers from single TRP is special case.
· The alignment of PDCCH generation rules among TRPs, e.g. one identical control resource set across TRPs
· Signalling the maximum number of multiple NR-PDCCH reception via L1 and/or high layer signalling
· Other techniques can be considered. 
Agreements in RAN1 #89:
· Adopt the following for NR reception:
· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 
· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner
· Note: CSI feedback details for the above case can be discussed separately
· For PDCCH
Agreements in RAN1#89:
· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:
· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4
· To be decided next meeting
· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH
Agreements in RAN1#90:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS the case of multiple BWPs for the component carrier if supported
· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs
· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:
· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management
· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
· For PDSCH
Agreements in NR Adhoc#2:
· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier
· FFS in case of two or more bandwidth parts for the component carrier
· FFS the max number of corresponding NR-PDCCHs
Agreements in NR Adhoc#2:
· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation
· Include in the LS the following content 
· RAN1 agreement from RAN1#89
· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation
· RAN1 thinks that the above agreement may have impact on RAN2 specification
· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic
LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000

· For DMRS
Agreements in NR Adhoc#2:
· For QCL, NR supports:
· At least one or two DM-RS antenna port groups per PDSCH 
· FFS other number of groups
· QCL assumption across carriers and bandwidth parts for DL
· FFS details for indication, the applicable RS(s), the applicable QCL parameters, and configurability
· FFS whether or not to have UE assisted management
Agreements in RAN1 #89:
· PDSCH DMRS ports in a PDSCH DMRS group per [bundled PRB] in CC are implicitly assumed QCLed w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters). 
· PTRS port and PDSCH DMRS port can be assumed QCL 
· w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters (e.g. PTRS and PDSCH DMRS sharing the same beam)
· w.r.t Doppler spread, Doppler shift  (e.g. PTRS and PDSCH DMRS sharing the same RF chain)
· FFS impact due to configurable association between PTRS port and PDSCH DM-RS port (if supported)
· CSI-RS ports within a CSI-RS resource have at least two types of QCL assumptions
· QCL w.r.t average gain, delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial Rx parameters
· Not QCL’ed (e.g. for beam selection based on beamformed CSI-RS codebook)
· FFS whether some parameters can still be QCL’ed
Agreements in RAN1#90:
· Support the QCL indication of DM-RS for PDSCH via DCI signaling:
· The N-bit indicator field in the agreed WF R1-1714885 is extended to support:
· Each state refers to one or two RS sets, which indicates a QCL relationship for one or two DMRS port group (s), respectively
· Each RS set refers to one or more RS(s) which are QCLed with DM-RS ports within corresponding DM-RS group
· Note: The RSs within a RS set may be of different types
· If there are more than one RS per RS set, each of them may be associated with different QCL parameters, e.g. one RS may be associated with spatial QCL while another RS may be associated with other QCL parameters, etc
· Configuration of RS set for each state can be done via higher layer signaling
· E.g., RRC/RRC + MAC CE
· FFS the timing when the QCL is applied relative to the time of the QCL indication
· For PTRS
Agreement in RAN1#91:
· The number of DL PTRS ports is higher layer configured per TCI state for PDSCH transmission in the higher layer parameter DL-PT-RS-ports
· If the number of DL PTRS ports associated to the TCI in DCI is 2,  the number of PTRS ports is 2, and the each PT-RS is associated with the corresponding DMRS port group, and UE does not expect to be scheduled with one DMRS port group and such TCI state
· If the number of DL PTRS ports associated to the TCI in DCI is 1,  the number of PTRS port is 1, the phase tracking association follow the previous agreements
· If one PTRS port is transmitted and the scheduled DMRS ports are from two DMRS port groups, UE may utilize the PTRS port for phase tracking for PDSCH layers corresponding to DMRS ports in the  two DMRS port groups (i.e., the PTRS port is shared among the two DMRS port groups)
· For 2-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is smaller than 1 when configured present
· For 4-symbol non-slot scheduling, PTRS is not transmitted/received if the time domain density is equal to ¼ when configured present
· If the last N MCS entries are reserved (no coding rate or modulation order or TBS is given), where N is 3 for MCS table with up to 64QAM  and N is 4 for MCS table with up to 256QAM, support the following
· For adaptive retransmissions, when the scheduled MCS > V, where V = 28 for MCS table with up to 64QAM and V = 27 for MCS table with up  to 256QAM, the time-density of PTRS is determined based on the MCS of initial transmission, which is smaller than or equal to V
Agreement in RAN1 #91:
· A DL PTRS port and the DL DMRS port(s) within the associated DL DMRS port group are QCLed w.r.t {delay spread, Doppler spread, Doppler shift, average delay, spatial Rx parameters}
· If one DL PTRS port is transmitted for two scheduled DL DMRS port groups, the PTRS port and the DMRS port(s) which are not in the associated DMRS port group are QCLed w.r.t. {Doppler spread, Doppler shift} and FFS: spatial QCL parameters
· CSI
Agreements in RAN1 #87:
· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes
· Study whether or not to have the assumption/indication of interference hypothesis
· For R15 agreements related to multi-TRP transmission
· [image: ]
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