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Introduction
In RAN1#88b, the following agreement was made regarding multi-TRP/panel transmission:
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. 

In this contribution, we discuss the remaining issues on multi-TRP and multi-panel transmission, including if single or multiple DCI should be used to indicate single or multiple NR-PDSCH transmissions and its implications on QCL assumptions and HARQ feedback. The corresponding CSI acquisition to support multi-TRP and multi-panel transmission is discussed in [1].
[bookmark: _Ref178064866]Discussion around the multi-TRP schemes
We begin by discussing our interpretation of the transmission schemes identified for downselection in RAN1#88b, their respective use cases, applicability, and specification impact.
Coherent Joint Transmission
The case where a single NR-PDCCH is used to indicate NR-PDSCH transmission of the same layers from multiple TRPs corresponds to coherent JT. In this case, a single DCI containing MCS(s), resource allocation and DMRS port/scrambling information, is used to indicate a single NR-PDSCH. As the multiple TRPs are jointly transmitting each layer, the DMRS channel corresponds to the sum of the precoded per-TRP channel and therefore all the DMRS of the NR-PDSCH transmission can be assumed to be QCL. In fact, since DMRS-based transmission is used, whether the layers are transmitted from a single TRP or coherently from multiple TRPs is transparent to the UE. That is, coherent JT is already supported in a transparent fashion, so in our view it is unclear what additional mechanisms, requiring spec impact, that would be required to enhance performance of coherent JT over a spec transparent baseline. Furthermore, coherent JT generally requires very accurate CSI in order to be beneficial as achieving constructive addition of signals transmitted from antennas distributed on multiple sites is much more difficult than from co-sited antennas. In addition, frequency offset may exist between the TRPs due to different LO and/or different Doppler shift, leading to highly variable channel which makes CSI acquisition more challenging. Coherent JT also requires tight inter-TRP synchronization close-to ideal backhaul. Due to these aspects, coherent JT may not be very practical to implement in a realistic scenario which makes the use case rather limited.
[bookmark: _Toc481765468]Coherent JT is already supported in a spec transparent fashion, unclear what additional mechanisms requiring spec impact are motivated
[bookmark: _Toc481765469]Very accurate CSI is required for coherent JT between different sites be beneficial, which makes implementation impractical
Non-coherent Joint Transmission
The other two identified transmission schemes consider non-coherent JT, where different TRPs transmit different layers to a UE. As transmissions from TRPs are not coherently combined, the requirement on accurate CSI is not as high as for the coherent JT case. Furthermore, the backhaul and synchronization requirements may be relaxed as well, which makes non-coherent JT a more suitable candidate for implementation. The primary benefit of non-coherent JT is to allow for higher rank transmission in the case where the UE is rank-constrained, e.g. by being LOS to the serving TRP or if the serving TRP uses less TX than the UE has RX. By transmitting additional layers from a non-serving TRP, the UEs peak rate can be increased. For this to give a significant benefit, it requires that the non-serving TRP can be received with a similar power level as the serving TRP. Further, as the UE uses the transmission resources of several TRPs, benefit is generally seen only at low loads where it’s likely that the lending TRP is not serving any UEs of its own.
[bookmark: _Toc481765470]Non-coherent JT may provide peak rate increase in certain scenarios and require less ideal conditions than coherent JT to be beneficial 
For the case where non-coherent JT is indicated with a single DCI in a single NR-PDCCH, two options are possible. Either the DCI indicates a single NR-PDSCH comprising the multiple layers from the multiple TRPs is transmitted, or, the DCI indicates multiple NR-PDSCH. The latter option may require a substantially larger DCI payload, as the scheduling assignments for several NR-PDSCHs must be contained in the DCI. This may not be desirable and it is preferred to use a unified DCI format for both single- and multi-TRP transmission so that the UE does not have to blindly search for DCIs of different sizes, which increases complexity. On the other hand, even if the same DCI contains multiple scheduling assignments, it’s possible to enforce a restriction e.g. on the resource allocation so that the same resource allocation is used for both PDSCHs, which limits the DCI size. Overall though, it seems more natural to indicate multiple NR-PDSCH using multiple DCI, where each TRP transmits a separate NR-PDCCH. In this case, more flexibility in resource allocation, such as supporting non-overlapping or partially overlapping resource allocation of the different TRPs could be supported (but not necessarily, as the increased flexibility may make e.g. advanced receiver operation using for instance SIC more cumbersome). The downside with multiple DCI indication is that the number of blind decoding attempts a UE would have to make may be increased, which increases UE complexity. However, the number of blind decoding attempts is already increased in case of carrier aggregation or dual connectivity, so it’s likely not a bottleneck in most UE implementations and DCI search complexity could further be reduced by adopting a rule for multi-TRP transmission that limits the NR-PDCCH search space. It could also be beneficial for the UE to know the maximum number of DCIs to expect, so that it can seize its blind decoding attempts after the maximum number of DCIs have been found. Further, with separate DCI indication, no special DCI format for NC-JT may be needed. It also allows for independent scheduling decisions to be done at each TRP, which is useful in case the backhaul link is non-ideal. 
[bookmark: _Toc481765471]While both single DCI and multiple DCI indication has their benefits, it seems more natural to support multiple DCI indication in case of multiple NR-PDSCH scheduling
Regardless of if one or multiple PDSCH is used, DMRS ports corresponding to layers of different TRPs need to have different QCL assumption. In the multiple PDSCH case, it could be implicitly assumed that all DMRS ports indicated in the respective scheduling assignments are QCL with each other, that is, the DMRS port grouping is implicit and does not need to be signalled. However, in the single PDSCH case, an explicit DMRS port group indication is needed to convey the correct QCL assumption and an indication for each DMRS port group may be needed to indicate QCL between the DMRS port group and a CSI-RS resource.
[bookmark: _Toc481765472]In the single PDSCH case, explicit DMRS port group indication may be needed for QCL purposes while the DMRS port grouping can be implicit in the multiple PDSCH case
In the single NR-PDSCH case, as NR supports single codeword for up to rank 4, this means that if two TRPs each transmit two layers, the layers are contained within the same codeword and the same codeword thus is shared across TRPs. As the TRPs likely experience different path loss and fading conditions, the SINR level is likely different, meaning that the different layers could benefit from having separate MCS. However, since the same codeword is used, this is not possible, and the single-PDSCH case will suffer from worse link adaptation. Thus, it may be more beneficial to use multiple NR-PDSCH so that a separate codeword with independent MCS control can be used for the layers of each TRP participating in the joint transmission.
[bookmark: _Toc481765473]Due to single CW for up to rank 4, single NR-PDSCH may perform worse than multiple NR-PDSCH
Therefore, the main mode of NC-JT operation should be assumed to use separate NR-PDSCH.
[bookmark: _Toc481514057][bookmark: _Toc481765448][bookmark: _Toc481765465]Support non-coherent JT in NR with separate NR-PDSCH per TRP indicated in separate NR-PDCCH

Considerations for multiple NR-PDCCH and NR-PDSCH operation
In this section, we address some further issues relating to multiple PDCCH/PDSCH NC-JT operation.
HARQ feedback and maximum number of codewords
In case a single DCI is used to schedule one NR-PDSCH in a NC-JT between multiple TRPs, it may be assumed that the DCI is transmitted on a NR-PDCCH from the serving TRP and that the HARQ ACK/NACK feedback follows the single-TRP procedure. If multiple NR-PDSCH is scheduled however, it is possible that more than 2 codewords is transmitted to a UE on a single carrier. The HARQ feedback could then be aggregated and transmitted on a single UCI to the serving TRP in a carrier aggregation fashion, or, multiple UCI transmitted on separate PUCCH intended to each TRP could be used. In the former case, as NC-JT could potentially be used in conjunction with CA, the PUCCH formats needs to support HARQ feedback from both multiple carriers and multiple PDSCH transmission within a carrier. Thus, the maximum number of supported CWs that a UE simultaneously can receive needs to be taken into account in the PUCCH design and should be studied by RAN1. Alternatively, PUCCH can be designed assuming a certain number of ACK/NACK bits and ACK/NACK bundling corresponding to CWs within a carrier can be applied if the HARQ feedback For instance, it could be reasonable to put a limit on 1 CW per PDSCH when UE can expect to receive multiple PDSCH.
[bookmark: _Toc481765474]RAN1 should study the supported maximum number of codewords that a UE can be assumed to receive within a carrier
Maximum number of transmitted layers
The maximum number of layers a UE can be expected to simultaneously receive in a PDSCH is part of UE capability. However, if multiple NR-PDSCH is used for NC-JT and independent scheduling decisions is made at each TRP due to non-ideal backhaul link, it could theoretically be possible to exceed UE capability due to lack of coordination between TRPs. Although, as the network is ultimately in control of scheduling, this is not likely. For instance, RI scheduling information could be exchanged by TRPs on a slower basis to avoid this problem. 

Conclusions
In this contribution we made the following observations:
Observation 1	Coherent JT is already supported in a spec transparent fashion, unclear what additional mechanisms requiring spec impact are motivated
Observation 2	Very accurate CSI is required for coherent JT between different sites be beneficial, which makes implementation impractical
Observation 3	Non-coherent JT may provide peak rate increase in certain scenarios and require less ideal conditions than coherent JT to be beneficial
Observation 4	While both single DCI and multiple DCI indication has their benefits, it seems more natural to support multiple DCI indication in case of multiple NR-PDSCH scheduling
Observation 5	In the single PDSCH case, explicit DMRS port group indication may be needed for QCL purposes while the DMRS port grouping can be implicit in the multiple PDSCH case
Observation 6	Due to single CW for up to rank 4, single NR-PDSCH may perform worse than multiple NR-PDSCH
Observation 7	RAN1 should study the supported maximum number of codewords that a UE can be assumed to receive within a carrier

[bookmark: _GoBack]Based on the discussion in this contribution we propose the following:
Proposal 1	Support non-coherent JT in NR with separate NR-PDSCH per TRP indicated in separate NR-PDCCH
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