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Introduction
In RAN1#89, the following was agreed regarding multi-TRP transmission:
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

Furthermore, in RAN1#88bis, the following agreement was made regarding DMRS port grouping:

Agreements:
· Confirm the following working assumption as an agreement:
· For 3 and 4-layer transmission, NR supports 1 codeword (CW) per PDSCH/PUSCH assignment per UE
· FFS: the support of mapping 2-CW to 3 layers and 2-CW to 4 layers
· DMRS port groups belonging to one CW can have different QCL assumptions
· One UL- or DL-related DCI includes one MCS per CW
· One CQI is calculated per CW


This paper discusses some further details on the two agreed modes of operation for non-coherent JT transmission. In our companion contribution in the control channel agenda item [1], we discuss simultaneous reception of multiple PDCCH according to the second mode of operation while on our other companion contribution [2], we discuss the related CSI feedback.
[bookmark: _Ref178064866]Discussion
The two agreed transmission schemes considers non-coherent JT, where different TRPs (or panels) 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][bookmark: _Toc485414604]Non-coherent JT may provide peak rate increase in certain scenarios and require less ideal conditions than coherent JT to be beneficial 
Single NR-PDCCH mode
As per the discussion in RAN1#89, single NR-PDDCH scheduling single NR-PDSCH where the layers within the NR-PDSCH are transmitted from different TRPs was considered already agreed as DMRS port groups corresponding to the same CW can have different QCL assumptions. This mode of operation is similar to what has been agreed for LTE in the feCoMP work item and it makes sense to use the same kind of solutions for NR. One key principle is that the same DCI format shall be used for both single- and multi-TRP transmission so that the UE does not have to blindly search for DCIs of different sizes, which increases UE complexity. Therefore, we propose that:
[bookmark: _Toc485408820][bookmark: _Toc485414606]DCI indicating PDSCH with layers transmitted from multiple TRPs has the same size as PDSCH indicating PDSCH from single TRP
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][bookmark: _Toc485414605]Due to single CW for up to rank 4, single NR-PDSCH may perform worse than multiple NR-PDSCH
DMRS ports corresponding to layers of different TRPs (i.e. DMRS port groups) need to have different QCL assumptions. In LTE feCoMP, each TRP transmits one CW and the DMRS port groups are implicitly associated with a CW according to the codeword-to-layer mapping. However, for NR, as single CW is used up to rank-4, this is not a viable approach. Instead, DMRS port groups may have to be more flexibly configured. For instance, a set of DMRS port groups, e.g. {{0,1},{2,3}} could be RRC configured and an indication in DCI could provide QCL assumptions per DMRS port group. Note that this need not require separate bitfields for QCL indication for each DMRS port group, rather a single QCL state could point to an RRC configured QCL setting for the DRMS port groups. This QCL signalling should further be harmonized with other needed QCL signalling, such as spatial QCL indication for beam management.
[bookmark: _Toc485408821][bookmark: _Toc485414607]QCL indication for DMRS port groups should be harmonized with other needed QCL signalling
As the benefit of single DCI indication seems limited according to Observation 2 and the requirements of synchronization between TRPs is more strict than for the multi DCI indication mode, it makes sense to keep the single DCI mode of operation as simple as possible from a specification perspective and not unnecessarily complicate the standard. Furthermore, according to Proposal 1, the DCI size shall be kept the same as for single-TRP transmission, which limits the flexibility in the scheduling assignment (if flexibility is desired, multi-PDDCH indication can be used). Thus, it makes sense to only support completely overlapping resource allocation.
[bookmark: _Toc485408822][bookmark: _Toc485414608]For single PDCCH scheduling single PDSCH, the resource allocation is the same for all PDSCH layers
Multiple NR-PDCCH mode
For the mode when multiple NR-PDSCH is indicated with multiple DCI. Each TRP may transmit a separate NR-PDCCH and thus PDCCH candidates need to have configurable QCL assumptions, which is further elaborated in our companion contribution in the control channel agenda item [1]. However, it is also possible that a single TRP transmits the multiple PDCCHs (e.g. in case that would allow for better PDCCH coverage) in case the TRPs are sufficiently synchronized. Overall though, multi-PDCCH operation enables multi-TRP operation also in the case of non-ideal backhaul and where the TRPs may not be perfectly synchronized. The TRPs could then make (semi)-independent scheduling decision and only exchange information on a bit slower basis over the non-ideal backhaul link. Such operation can be seen as a dual connectivity setup within the same carrier and could be handled with a similar framework.
The multiple-PDCCH case also allows for more flexibility in resource allocation, such as supporting non-overlapping or partially overlapping resource allocation of the different TRPs (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. 
HARQ feedback and maximum number of codewords
When a single DCI is used to schedule one NR-PDSCH in a NC-JT between multiple TRPs, each TRP can be assumed to maintain its own HARQ buffers and the UE transmits separate HARQ-ACK feedback in UCI intended towards each TRP. One aspects that needs to be discussed is if TRPs share a HARQ pool of HARQ processes or if they maintain separate HARQ processes with separate HARQ process IDs. In the latter case, N times the number of HARQ processes compared to single-TRP operation needs to be supported. In order to simplify the HARQ mechanism, it is reasonable to limit the number of PDSCH a UE can expect to receive to be 2, at least for NR Phase 1.
[bookmark: _Toc485408823][bookmark: _Toc485414609]The maximum supported number of NR-PDCCHs/PDSCHs a UE can be expected to simultaneously receive is 2

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 have discussed multi-TRP and multi-panel operation. The following observations have been made:
Observation 1	Non-coherent JT may provide peak rate increase in certain scenarios and require less ideal conditions than coherent JT to be beneficial
Observation 2	Due to single CW for up to rank 4, single NR-PDSCH may perform worse than multiple NR-PDSCH

Based on the discussion in this contribution we propose the following:
Proposal 1	DCI indicating PDSCH with layers transmitted from multiple TRPs has the same size as PDSCH indicating PDSCH from single TRP
Proposal 2	QCL indication for DMRS port groups should be harmonized with other needed QCL signalling
Proposal 3	For single PDCCH scheduling single PDSCH, the resource allocation is the same for all PDSCH layers
Proposal 4	The maximum supported number of NR-PDCCHs/PDSCHs a UE can be expected to simultaneously receive is 2
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