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Introduction
In RAN1#89-AH, it was decided to limit the number of NR-PDSCH in a NC-JT transmission to 2:
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

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: _Toc490247829]Non-coherent JT may provide peak rate increase in certain scenarios and require less ideal conditions than coherent JT to be beneficial 

Multiple NR-PDCCH mode
It has been agreed to support a maximum of two simultaneously scheduled PDSCH, which would correspond to a maximum of two PDCCH received in the same slot. Note that the PDCCHs would be received in different CORESETs in the slot and so would not be spatially multiplexed. There are a number of issues that needs to be resolved with regards to how multi-PDSCH transmission is supposed to work on the physical layer, for instance how to do HARQ feedback and CSI reporting. This in turn has impact on higher layer architecture, which is why RAN1 sent an LS to RAN2 in RAN1#89-AH, requesting their input on the topic. The “idealness” of the backhaul link (i.e. how much backhaul delay) between the two participating TRPs sets the requirement on the architecture. Simplistically viewed, a slower backhaul link requires an architecture split higher up in the protocol stack. In this section, we discuss some higher layer architecture options for supporting multi-PDSCH transmission, their impact on physical layer and their requirement on backhaul.
As has already been agreed, NR should support NC-JT also for the non-ideal backhaul case. The first question is thus what non-ideal backhaul means in terms backhaul link delay, as different non-ideal backhaul link delays would warrant different architecture options. In the evaluation assumptions for network coordination performance in TS 38.802, the following backhaul delays are considered:
	Backhaul link delay
	0ms, 2ms (optional), 5ms, 50ms (optional). Other values are not precluded. Report by each company



These values can be seen as a starting point, however we note that different solutions would probably be required depending on if we optimize the architecture for 2ms or 50ms backhaul link delay. In our view, it makes sense to as a first priority design a system that works well for a low to moderate backhaul link delay in the first phase of NR, as such deployments likely will yield the best system performance. Support for slower backhaul link delays, if needed, could be added in later releases. 
[bookmark: _Toc490059359][bookmark: _Toc490247831]Framework for multi-PDSCH NC-JT is optimized for non-ideal backhaul links with backhaul delays in the range of 2-5ms
Architecture options
The main issue to resolve is how UE should feed back HARQ ACK and CSI corresponding to the second, non-serving, TRP. Two main approaches can be used as we see it, either using a CA-like approach or DC-like approach, illustrated in Figure 1 below.
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[bookmark: _Ref490050649]Figure 1: Illustration of different NC-JT architecture options

Carrier aggregation-like approach
With a carrier aggregation like approach, feedback of HARQ and CSI is transmitted in a single PUCCH or PUSCH transmission towards the serving cell / TRP, and the HARQ ACK bits for the CWs of the simultaneously transmitted PDSCHs are multiplexed in UCI. From a higher layer perspective, the UE is connected to a single MAC entity (and thus, is configured with only a single cell group), but the MAC entity consists of two HARQ entities, one per TRP. Thus, the UE is configured with two cells within the Master Cell Group (MCG), one PCell corresponding to the serving TRP and one SCell corresponding to the secondary TRP, but where the SCell and PCell occupy the same physical carrier. Thus, the CA framework can be reused to a large extent (but where a same frequency-SCell may additionally have other properties compared to a regular SCell). Potentially though, this could cause some complications if NC-JT is applied in conjunction with carrier aggregation. An alternative approach could be that each cell can be configured with multiple HARQ entities (corresponding to the multiple TRPs), however this could require the two TRPs to share cell-ID, which may not be desirable (especially since e.g. one UE could be configured with NC-JT between TRP A & B, while another UE can be configured for NC-JT between TRP B & C, which would require all three TRPs to share cell-ID…), however other options may be possible.
In any regard, from a UE perspective the operation is quite uncomplicated, HARQ-ACK and CSI for the two TRPs are multiplexed in a single UCI. To further simplify things, one could impose a limit on one CW per TRP, so that a maximum of two HARQ-ACKs needs to be fed back simultaneously per carrier, meaning that the same UCI formats as for single TRP HARQ feedback could be used. The possible downside with this option is that HARQ-ACK and CSI for the second would have to be carried over the non-ideal backhaul link. However, we note that while LTE uses a fixed n+4 timing for HARQ feedback, NR supports self-contained HARQ feedback. Thus, even with the additional backhaul delay, the HARQ delay for the PDSCH transmitted from the second TRP may be lower than in LTE.
Dual connectivity-like approach
The second approach is to mimic that of dual connectivity, wherein the UE is logically connected to two higher layer nodes. The UE would be configured with two cell groups, an MCG and a Secondary Cell Group (SCG), each containing a separate cell corresponding to the different TRPs. With this approach, the architecture is split higher up in the protocol stack and the TRPs would have their own MAC and RLC entities. This may also imply that different radio bearers may have to be used for the different TRPs. From a physical layer perspective, each TRP would have to use independent HARQ and CSI feedback loops, meaning that a UE would have to send separate PUCCH and possibly PUSCH transmissions towards each TRP. While this approach may allow for relaxed backhaul requirements and the re-use of existing UCI formats, it introduces additional complexities on the physical layer as multiple PUCCH/PUSCH transmissions have to be supported. For instance, it is not clear how well the different TRPs can coordinate the UL transmissions, especially when aperiodic CSI is triggered on PUSCH, which would likely be required for NC-JT CSI feedback (this also means that both TRPs need to transmit UL-related DCIs with CSI requests in addition to DL-related DCIs). For PUCCH transmission, semi-static PUCCH resource configurations could be shared by the TRPs over the non-ideal backhaul. But likely some collision resolution rules would have to be defined to prevent that both TRPs schedule PUSCH on the same resource. Another issue is how power control is handled when the UE is connected to two logical nodes and performs two independent UL transmissions.
Based on the above discussion, it seems that dual connectivity like approach to support NC-JT can be more complicated to specify, from both RAN1 and RAN2 perspective. We therefore propose:
[bookmark: _Toc490059360][bookmark: _Toc490247832]HARQ-ACK and CSI corresponding to both TRPs participating in NC-JT is fed back to serving TRP only in single UCI carried in single PUCCH/PUSCH

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. 

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][bookmark: _Toc490059361][bookmark: _Toc490247833]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: _Toc490247830]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][bookmark: _Toc490059362][bookmark: _Toc490247834]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][bookmark: _Toc490059363][bookmark: _Toc490247835]For single PDCCH scheduling single PDSCH, the resource allocation is the same for all PDSCH layers

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	Framework for multi-PDSCH NC-JT is optimized for non-ideal backhaul links with backhaul delays in the range of 2-5ms
Proposal 2	HARQ-ACK and CSI corresponding to both TRPs participating in NC-JT is fed back to serving TRP only in single UCI carried in single PUCCH/PUSCH
Proposal 3	DCI indicating PDSCH with layers transmitted from multiple TRPs has the same size as PDSCH indicating PDSCH from single TRP
Proposal 4	QCL indication for DMRS port groups should be harmonized with other needed QCL signalling
Proposal 5	For single PDCCH scheduling single PDSCH, the resource allocation is the same for all PDSCH layers
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