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Introduction
In Rel-15 NR MIMO discussion, we discussed multi-TRP/panel transmission for NR and several important agreements were made as follows [1]-[5]:
	Agreements:
· 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:
· 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:
· 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
Agreements:
· 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:
· 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:
· 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
Agreements:
· 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



After the above agreements, due to the time limitation of Rel-15 NR, the further technical discussions to support multi-TRP/panel transmission have not been continued. Specification support especially for single DCI based NCJT, e.g., DMRS port group, has been agreed and captured in TSs previous version but finally removed in TSs due to RAN plenary guideline to delay multi-TRP/panel transmission support. In order to complete and improve the functionality of NR MIMO, the WID and the revised WID for NR MIMO enhancements in Rel-16 were approved in the RAN meeting #80 and #81, respectively. This WI includes the enhancements on multi-TRP/panel transmission and the detailed objectives are as follows.
	· 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 contribution, we share our views on enhancements for multi-TRP/panel transmission considering the previous agreements in Rel-15 NR MIMO and objectives of WI for NR MIMO enhancements in Rel-16 NR. 
Discussion
As described in the above section, there have been many discussions on multi-TRP/panel transmission and several important agreements have been made during the previous meetings. In fact, some parts of the current Rel-15 NR TSs, e.g., QCL, DMRS and PTRS, have been developed considering multi-TRP/panel transmission and the previous version of TSs captured specification support for single DCI based multi-TRP/panel transmission. Because many issues and solutions related to multi-TRP/panel transmission have been discussed during Rel-15 NR MIMO, we should consider the previous discussions and agreements as the starting point of discussion on enhancements for multi-TRP/panel transmission in Rel-16 NR. In other words, we should discuss multi-TRP/panel transmission on top of the previous discussions and agreements, and avoid revisiting the previous agreements, which were reached based on technical discussion and efforts in Rel-15.
Proposal #1: Confirm the previous agreement on multi-TRP/panel transmission in Rel-15 and capture again all of the related specification supports in TSs, which were finally removed in Rel-15 TSs.
In the RAN1 meeting #89, single and multiple DCI based multi-TRP/panel transmission were agreed to be supported as follows [3]. 
Agreements:
- Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs
[bookmark: _GoBack]- Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP
There have been many discussions on single DCI based multi-TRP/panel transmission and many key issues related to single DCI based multi-TRP/panel transmission were addressed and agreed in Rel-15 such as QCL indication, DMRS port group, and two port PT-RS. On the other hand, in the case of multiple DCI based multi-TRP/panel transmission, there are many complicated open issues related to HARQ process, ACK/NACK feedback. Therefore, we would like to propose to initially focus on supporting a single DCI based multi-TRP/panel transmission and finalize remaining issue to support it, first. On the other hand, multi-DCI based multi-TRP/panel transmission are also agreed to be supported but the potential impact on control channel and UE implementation are not sufficiently discussed in Rel-15. Therefore, we can consider supporting multi-DCI based multi-TRP/panel transmission after careful investigation on those impacts.
Proposal #2: Initial focus for enhancement on multi-TRP/panel transmission in Rel-16 should be the support of single DCI based multi-TRP/panel transmission.
One remaining issue regarding single DCI based NCJT is codeword to layer mapping. According to current specification, only single CW is supported when rank is lower than 5 only considering single TRP transmission. However, in case of single DCI based NCJT, given that independent layers from different 2 TRPs are transmitted through very different multi-path, it causes performance degradation to set one MCS for multiple layers from different TRPs. In order to properly reflect geometry difference between 2 TRPs into MCS, 2-CW for 3, 4 layers is necessary. To support 2 CW for 3 and 4 layers NCJT, we can introduce one to one mapping between DMRS port group to codeword [7]. Specifically, indicated DMRS ports in DMRS port group i are used to transmit CW i. Also, when two codewords are enabled, in current specification, ports corresponding to the two codewords are mixed in the same CDM group, which is not aligned with agreement on multi-TRP transmission. To address this issue, DMRS port re-ordering was discussed and a simple reordering method was described in [6].
Proposal #3: To support single DCI based NCJT, 2 CWs for 3 and 4 layers and DMRS port reordering for 2 CWs should be supported.
Regardless of single or multiple DCI based NCJT, we see the need of CSI enhancement to harvest potential CoMP performance improvement. Since it cannot be guaranteed that beam separation from multiple TPs are perfect, inter-TP interference should be captured in CSI similar to LTE feCoMP CSI. If conventional CSI is reported for NCJT transmission, gNB should compensate those CSI taking into account inter-TP interference. However, the reported RI/PMI/CQI is calculated assuming single TP transmission, gNB hardly recalculates accurate NCJT CSI based on this single TP based CSI.
Proposal #4: To harvest potential CoMP performance improvement, CSI enhancement reflecting inter-TP interference should be supported.
Regarding multi-TRP/panel transmission for URLLC requirement, slot aggregation for the same PDSCH transmitted from multi-TRP can be considered. This can be supported with both single DCI and multiple DCI. In case of single DCI, QCL information for each aggregated slot needs to be properly indicated in single DCI and in case of multiple DCI UE needs to recognize those multiple DCIs as scheduling information for the same PDSCH.
Proposal #5: For multi-TRP/panel transmission to achieve URLLC requirement, slot aggregation for the same PDSCH transmitted from multi-TRP can be considered in both single DCI and multiple DCI based CoMP.
Regarding performance evaluation, evaluation assumption for NR CoMP [8], which was agreed in study item phase, can be discussed as starting point. In our view, not only homogeneous scenario but also heterogeneous scenario with co-channel is important to investigate CoMP performance gain. Also, to investigate non-ideal CoMP performance, practical simulation assumption should be considered in several aspects such as backhaul latency, synchronization error and propagation delay between multiple TPs.
Proposal #6: Evaluate CoMP performance in both homogeneous scenario and heterogeneous scenario with co-channel
Proposal #7: For CoMP evaluation assumption, practical simulation assumption should be considered in several aspects such as backhaul latency, synchronization error and propagation delay between multiple TPs.

Conclusion
In this contribution, we discuss on multi-TRP/panel transmission and propose the following based on the discussion.
Proposal #1: Confirm the previous agreement on multi-TRP/panel transmission in Rel-15 and capture again all of the related specification supports in TSs, which were finally removed in Rel-15 TSs.
Proposal #2: Initial focus for enhancement on multi-TRP/panel transmission in Rel-16 should be the support of single DCI based multi-TRP/panel transmission.
Proposal #3: To support single DCI based NCJT, 2 CWs for 3 and 4 layers and DMRS port reordering for 2 CWs should be supported.
Proposal #4: To harvest potential CoMP performance improvement, CSI enhancement reflecting inter-TP interference should be supported.
Proposal #5: For multi-TRP/panel transmission to achieve URLLC requirement, slot aggregation for the same PDSCH transmitted from multi-TRP can be considered in both single DCI and multiple DCI based CoMP.
Proposal #6: Evaluate CoMP performance in both homogeneous scenario and heterogeneous scenario with co-channel
Proposal #7: For CoMP evaluation assumption, practical simulation assumption should be considered in several aspects such as backhaul latency, synchronization error and propagation delay between multiple TPs.
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