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1. Introduction
[bookmark: _Hlk492027000]Work on support of multi-TRP transmission in NR was initiated in Rel-15 as part of the specification of MIMO support. This work was first deprioritized and later postponed to Rel-16 due to insufficient time to complete the specification. The Rel-16 work item for enhancements on MIMO for NR includes an objective to extend specification support for enhancements on multi-TRP/panel transmission. In RAN #81, the objective was updated to read as follows [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 RAN1 #94bis, feature lead captured the summary in [2], where categorizations for future discussions are mentioned as, 
· 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

Additionally, RAN1 #94bis made the following agreement on PDCCH design for multi-TRP [3].  
Agreement
For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:
· Alt0: Support only single PDCCH design
· FFS: Whether multiple PDCCH design is also needed 
· Alt1: Support only multiple PDCCH design
· FFS: Whether single PDCCH design is also needed 
· Alt2: Support both multiple PDCCH and single PDCCH design
· FFS: PDCCH design for URLLC
Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

In this contribution, we discuss the related details to multi-TRP/panel transmission and make some proposals.
2. Rel-15 agreements related to multi-TRP operation
Multi-TRP operation was discussed during several RAN1 meetings and several agreements were made that were either directly related to multi-TRP operation or were otherwise relevant to the topic. Exact agreements are provided in Annex I. These agreements were made following considerable discussion. It is our view that these agreements should be a starting point for the work in Rel-16. Although considerable progress was made in Rel-15, several issues still remained open. The work in Rel-16 can address these open issues. It is also our view that when discussing these issues if it becomes necessary to revert some of the Rel-15 agreements, it should be possible to do so.
Some companies had different views than many others in RAN1 #94bis, and mentioned the concerns as follows, 
· Lack of TU in RAN2 for this WI and designing solutions for multi-TRP should be mainly influenced by RAN2. 
· Un-implemented agreements in Rel-15 Specs should not carry over different releases as a general principle.
· Rel-15 agreements on multi-TRP were made before the Rel-15 specs are stabilized, and there are not fully compatible.  
In general, we agree with the principle of not carrying agreements over to different releases. However, we think that Rel-15 agreements are a very good starting point and repeating the same discussion may not help us to finalize the multi-TRP work in Rel-16. Reasons given on lack of TUs in RAN2 should not be a major factor at this stage of Rel-16 discussions. Also, as MIMO enhancements is a RAN1 lead item, the solutions and discussions should be mainly based on the RAN1. Therefore, it may worth trying agreement in Rel-15 one by one to see the possibility of agreeing on them in Rel-16 multi-TRP/panel transmissions. 
Proposal 1: See the possibility of adopting Rel-15 agreements for multi-TRP/panel transmission, as that gives head starts for Rel-16 multi-TRP/panel discussions. 
3. Performance of Non-Coherent Joint Transmission
Here, we see the possible gains of multi-TRP transmission considering evaluation assumptions agreed in [3] (based on detailed proposals in [4]), where the performance of NC-JT is evaluated in different scenarios for the following two multi-TRP transmission schemes.
Scheme 1: Different layers of a single codeword of a NR-PDSCH transport are transmitted from two TRPs.
Scheme 2: Two separate codewords are transmitted from two TRPs. 
The performance gain of each of these schemes is evaluated relative to the baseline transmission scheme from a single TRP for the Dense Urban and Indoor Hotspot scenarios at 4 GHz. The 5th percentile and mean UE throughput gains over the baseline are shown in Figure 1, Figure 2, and Figure 3, for Dense Urban with 4 antenna ports at the TRP, Dense Urban with 16 antenna ports at the TRP, and Indoor Hotspot, respectively. The baseline scheme assumes single-TRP SU-MIMO transmission (no DPS). The simulation assumptions are provided in the Annex II. For both NC-JT schemes, the maximum transmission rank is assumed to be 2 for each TRP. For the transmission of separate layers of a single codeword, it is assumed that the number of layers transmitted from the two TRPs can be different, while the allocated resources on the two TRPs are completely overlapping. Furthermore, the receiver is assumed to use CWIC in this case.
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[bookmark: _Ref525841308]Figure 1. NC-JT performance in the Dense Urban scenario with 4 antenna ports at TRP. 
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[bookmark: _Ref525841311]Figure 2. NC-JT performance in the Dense Urban scenario with 16 antenna ports at TRP
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[bookmark: _Ref525841313]Figure 3. NC-JT performance in the Indoor Hotspot scenario
It can be observed from the results that in all scenarios the gains from NC-JT are highest at low load. In the Dense Urban scenario, small gains in mean UE throughput are observed with both schemes under various load conditions. On the other hand, the 5th percentile gains in this scenario are generally extremely small due to superior baseline performance. In the Indoor Hotspot scenario, however, small gains in mean throughput with NC-JT are observed under low load whereas losses are observed under higher load conditions due to interference conditions. The results indicate that there is a potential for higher gain with transmission of separate codewords in the Dense Urban scenario. 
Observation 1: The performance with transmission of separate codewords from two TRPs is generally better than the performance with transmission of different layers of the same codewords from the two TRPs.
4. Control signaling enhancements
4.1 Single vs. multiple PDCCH design
In RAN1 #94bis, three alternatives of PDCCH design were mentioned and down selection should be done in RAN1 #95. The alternatives are, 
· Alt0: Support only single PDCCH design (FFS: Whether multiple PDCCH design is also needed)
· Alt1: Support only multiple PDCCH design (FFS: Whether single PDCCH design is also needed)
· Alt2: Support both multiple PDCCH and single PDCCH design

It was also agreed to discuss the different aspects to be considered to facilitate the down selection. In Table 1, we highlight the feasibility, pros and cons of the above alternatives.  
Table 1: PDCCH design alternatives
	Important aspects
	PDCCH design alternatives

	
	Alt0: Support only single PDCCH design
	Alt1: Support only multiple PDCCH design
	Alt2: Support both multiple PDCCH and single PDCCH design

	Backhaul latency
	Rel-16 MIMO WID mentions that design should support “both ideal and non-ideal backhaul” and the backhaul latency values agreed for non-ideal case are 2 ms, 5ms and 50 ms. It is not feasible to schedule multi-TRP transmissions with a single PDCCH when the backhaul latencies are in the range of ms. 
	Multiple PDCCH design can support both ideal and non-ideal backhaul scenarios. 

	Multiple PDCCH design can support both ideal and non-ideal backhaul scenarios.
Compared to Alt1, this provides the flexibility to schedule single PDCCH based multi-TRP transmission in ideal (or near ideal) backhaul situations. 

	Downlink control overhead
	Assuming minor modifications in Rel-15 DCI formats, low impact on control overhead. 
	Multi-TRP can be only supported with multiple PDCCHs, which increases the control overhead.   
	Flexible to choose the right combination depending on available control channel resources.    

	Specification impact (including RAN2 specs)
	As ideal backhaul is considered, the primary TRP have the full control on scheduling. Therefore, PDCP, RLC, and MAC may not have any impact. 
Regarding RRC configurations, some changes will be needed. 
	It is expected to have some discussion in RAN2 as non-ideal backhaul separate the scheduling decisions at TRPs.
Depending on the assumptions on HARQ entity (joint or independent), some discussion will be needed in RAN2. However, it is not possible to go around this as WID allows the design in non-ideal backhaul scenario. 
	Similar to Alt1.

	UE complexity (related to power control, timing adjustment, and blind detection)
	Lower compared to other two alternatives.  
	Higher compared to other two alternatives 
	In between Alt0 and Alt1. 
Some may argue that hardware budgeting should be done assuming the worst case. However, depending on UE operating mode, benefits of Alt0 can be achieved. 

	DCI/UCI design
	Enhancements are needed, which is already a part of this WI.  
	Some enhancements are needed, which is already a part of this WI. 
For non-ideal backhaul scenarios, legacy DCI design can be reused. Lower impact on RAN1.   
Also, legacy UCI can be used to carry ACK./NACK separately for each codeword. Some enhancements may be needed when using multiple UCIs. 
	Enhancements are needed, to facilitate both Alt0 and Alt1, which is already a part of this WI.   

	Scheduler flexibility

	Scheduling flexibility will be limited as control information should be carried within a single message. 
	Some freedom to schedule the transmissions. 
However, some control resources could be always in use to support multi-TRP transmissions which restrict to use the control resources for other UEs.  
In non-ideal backhaul, each TRP cannot know if other TRP will schedule transmission at the same instant. This restrict the number of layers used at a TRP.  
	Extra freedom to schedule the transmissions 
Possibility to using or not using extra control resources depending on the different traffic situations.   

	Intra-UE PUCCH/PUSCH transmission
	Limited flexibility and opportunities of scheduling PUCCH/PUSCH. 
	Possible to schedule intra-UE PUCCH/PUSCH.
	Possible to schedule intra-UE PUCCH/PUSCH.

	Rel-15 PDCCH blockage probability

	No impact 
	Higher impact 
Blockage probability will increase with the number of PDCCH transmissions and impacts other UEs when coexisting in the same band. 
	In between Alt0 and Alt1

	CSI feedback
	Limited opportunities to trigger CSI feedback. Some enhancements are needed on top of Rel-15. 
	Rel-15 framework can be reused. 
	In between Al0 and Alt1. 



In our view, Alt0 is not a feasible solution as it is restricting the use of multi-TRP only for ideal backhaul scenario. However, single PDCCH design itself has advantages over multiple PDCCH design as highlighted in Table 1. Alt1 can be costly in terms of control overhead in an ideal or near ideal backhaul situation where it is possible to have good gains with a single PDCCH. In summary, having both single and multiple PDCCH designs for multi-TRP provides the flexibility and allows the network to use them efficiently in both ideal and non-ideal scenarios.
Proposal 2: Multi-TRP/Panel transmission shall be supported by both multiple PDCCH and single PDCCH design (i.e., Alt2). 

4.2 Single PDCCH design 
As discussed above, the multi-TRP transmission can be supported by the use of single PDCCH. For example, it is possible to convey the control information via single PDCCH and have PDSCH from two TRPs, See Figure 4. The resource allocation for each PDSCH should carry in a single DCI but having more information in the DCI can be an issue. Let’s focus on the following resource allocation options and also see the feasibility of the schemes.  
· Option 1: The resources used for transmission from the two TRPs are completely overlapping.
· Option 2: The resources used for transmission from the two TRPs are partially overlapping.
· Option 3: The resources used for transmission from the two TRPs are non-overlapping.
Option 1 is the easiest to support. The transmissions from the two TRPs mutually interfere, and the CSI feedback can take that into account. Furthermore, a single resource allocation needs to be signaled for the transmission. In Option 3, while there is no mutual interference between the two transmissions, the CSI feedback can take into account other interference. However, since the transmissions occupy different resources, an indication of the resource allocation entails larger signaling overhead. Interference calculation for Option 2 for CSI feedback may be more complicated, while the signaling overhead for resource allocation is again higher, as for Option 3. While Options 2 and 3 offer more scheduling flexibility than Option 1, this flexibility may not be worth the additional cost. 
Proposal 3: For a single NR-PDCCH scheduling NR-PDSCH from two TRPs, resources used for transmission in a single BWP from the two TRPs are completely overlapping.


Figure 4 : Single PDCCH based multi-TRP transmission

The PDSCH transmissions can have different variations of codeword layer mapping when a single PDCCH schedules them. We think that the same codeword can be repeated at different TRPs to improve the reliability of the data channel. In this case, the same layers of the codeword are transmitted by each TRP. 
It is also possible that a single NR-PDCCH schedule separate layers are transmitted from the different TRPs, those layers are mapped to a single codeword. In here, one set of layers is transmitted from a TRP can be different from the one that is transmitting the NR-PDCCH. 
Another possibility is to transmit different codewords from each TRP. If different TRPs transmit different codewords, there is the possibility to adjust the MCS of the transmission such that transmissions are fully utilizing the link conditions. If different MCS are not used, multi-TRP may be only effective when the links have quite similar channel conditions. In general, it would be good to investigate these further. 
Proposal 4: In single PDCCH multi-TRP scenario, the following three cases shall be supported for PDSCH transmissions. 
· Different TRPs repeat the same codeword.  
· Different TRPs transmit different layers of a codeword. 
· Different TRPs transmit different codewords.
It is useful to also consider whether there is any benefit from allowing both TRPs transmitting NR-PDSCH to be separate from the one that transmits the NR-PDCCH. Allowing this would enable dynamic selection of both TRPs for transmitting the NR-PDSCH. The number of TRPs for which the UE simultaneously monitors NR-PDCCH depends on the UE capability. If one set of NR-PDSCH layers is always constrained to be transmitted from the TRP that is transmitting the NR-PDCCH, there is less flexibility in the selection of TRPs for data transmission. If this flexibility is provided, however, the NR-PDCCH would need to indicate both TRPs transmitting the NR-PDSCH.
Proposal 5: Study the benefit of supporting NR-PDSCH transmission from two TRPs that are separate from the TRP transmitting NR-PDCCH.
Observation 2: If both TRPs transmitting NR-PDSCH are allowed to be different from the one transmitting the NR-PDCCH, an explicit indication of both transmitting TRPs is needed.
The actual number of layers that each TRP can transmit depends on factors such as the rank of the channel between the TRP and the UE, whether the TRP is engaged in MU-MIMO transmission, and the number of antennas at that TRP. Therefore, it is useful to allow different numbers of layers to be transmitted from the different TRPs in a multi-TRP transmission. The multiple layers transmitted from each TRP may correspond to a DMRS port group. When the same total number of layers transmitted, more than one port grouping would need to be supported by the TCI states, where the TCI state indicates the QCL’ed port groups for two TRPs. For example, transmission of 6 layers would be possible with the port groupings (3,3) and (4,2), each corresponding to a different TCI state. Without this flexibility, a TRP may be constrained to transmit fewer layers than it is capable of transmitting and the UE is capable of receiving, which is restrictive and reduces spectral efficiency. Note that each TRP would still be mapped to one of the allowable port groups. To limit signaling complexity, however, it may be desirable to restrict the number of different TCI states for the same total number of ports.
Proposal 6: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, multiple TCI states may be configured for a given total number of DMRS ports, where each TCI states indicates the QCLed ports at each of the two TRPs.
According to previous agreements, the number of codewords transmitted is one when the total number of layers does not exceed 4. This also carries over for multi-TRP transmission. However, transmitting a single codeword with different layers from different TRPs may require backhaul with very low latency. To support more practical scenarios, it may be useful to allow each TRP to transmit a separate codeword even when the total number of layers is 3 or 4. Furthermore, the link quality between the UE and each TRP may be different. With link adaptation, the MCS used for each link can be optimized. In the absence of such link adaptation, the stronger link would be forced to use the MCS corresponding to the weaker link. Therefore, allowing the MCS used for the transmission from each TRP to be different can increase spectral efficiency even though there would be some increase in control overhead for signaling. The simulation results presented in Section 3 also suggest that performance is better with transmission of separate codewords relative to transmission of different layers from a single codeword. Transmission of a separate codeword from each TRP makes the codeword-to-layer mapping straightforward even when the MCS is different for the layers from each TRP.
Proposal 7: For a single NR-PDCCH scheduling separate NR-PDSCH from two TRPs, consider supporting the following.
· Layers from each TRP are mapped to a separate codeword even when the total number of layers ≤4.
· The MCS associated for the transmission from each TRP can be different.

4.3 Multiple PDCCH design 
In non-ideal backhaul situations, it is needed to have multiple PDCCH design, where each PDCCH scheduling its own PDSCH, see Figure 5. Multi PDCCH option can also be useful when independent resource allocation and other control fields are needed at each TRP. It is expected to have some improvement in the performance as fully independent scheduling and use of different MCSs for PDSCH is possible when each is scheduled by a separate DCI.  
Observation 3: In multiple PDCCH based multi-TRP transmissions, independent resource allocation at TRP transmissions is possible.  


Figure 5: Multiple PDCCH based multi-TRP transmission
When multiple PDCCH is used to schedule the multi-TRP transmission, it is possible to schedule different codewords at each TRP such that performance is improved. In addition, as URLLC is part of the multi-TRP design, it is worth scheduling the same codeword with a different resource allocation, MCS, and RV to improve the reliability.  


Proposal 8: In multiple PDCCH based multi-TRP scenario, the following cases shall be supported for PDSCH transmissions. 
· The same codeword is transmitted by different TRPs (URLLC).  
· Different codewords are transmitted by different TRPs. 

As discussed in the single PDCCH scenario, consideration can be given to allow the NR-PDCCH transmitted from each TRP to schedule an NR-PDSCH from a different TRP. Such support may also be beneficial when the UE is constrained to monitor NR-PDCCH from a very small number of TRPs.
In RAN1 #90, there was a working assumption for the case of multi-TRP transmission where multiple NR-PDCCH separately schedule respective NR-PDSCHs. According to this working assumption, at most two codewords are used for transmission. This supports the case where each of the two TRPs transmits a separate codeword with at most 4 layers. In our view, this covers most practical scenarios that would need to be supported. Therefore, we support this working assumption.
Proposal 9: Confirm the working assumption from RAN1 #90 that for the case of multiple NR-PDCCHs from separate TRPs scheduling respective NR-PDSCHs, at most two codewords are used.
The UE monitors the NR-PDCCH within the configured CORESETs. Multiple search spaces are allowed to be within the same CORESET. In the case of multi-TRP transmission in which each TRP transmits a separate NR-PDCCH scheduling a respective NR-PDSCH, both the NR-PDCCHs can either be within the same CORESET or a separate CORESET can be configured for each TRP. The case of a common CORESET for both TRPs can be restrictive. First, the CORESET must be configured to be large enough to allow transmission of two NR-PDCCHs corresponding to the worst coverage conditions. Second, if the same CORESET is also configured for other UEs, sharing of the CORESET for transmission of multiple NR-PDCCHs to the same UE may result in PDCCH blocking. On the other hand, allowing the CORESETs for the two TRPs to be separately configured provides more flexibility for NR-PDCCH transmission and avoids the problems noted above. It can be noted that more than one CORESET can be configured for the same UE according to the current agreements. Therefore, configuration of a multiple CORESETs of the same size, one corresponding to each TRP, should not be precluded.
Proposal 10: A separate CORESET can be configured for the NR-PDCCH from each TRP for a UE receiving multi-TRP transmission.

4.4 Other 
In NR, the total number of layers that a UE can receive typically depends on its capability. This capability cannot be exceeded even in the case of multi-TRP transmission. Therefore, for successful reception of the NR-PDSCH the total number of layers transmitted must not exceed the UE capability. On the other hand, the number of layers that can be transmitted from each TRP depends on the rank of the channel between the TRP and the UE. The risk of the total number of layers transmitted by both TRPs exceeding the UE capability can be mitigated through coordination between TRPs. For multi-TRP transmission scheduled by a single NR-PDCCH, the scheduling TRP ensures that the total number of layers does not exceed the UE capability. In the case of multi-TRP transmission scheduled by two NR-PDCCHs, however, it would be required to ensure that the TRPs coordinate with respect to number of layers transmitted by each TRP (in a separate codeword) such that the total number does not exceed the UE capability. 
Observation 4: Coordination between TRPs can ensure that the total number of layers does not exceed the UE capability for the case of two NR-PDCCHs each scheduling a respective NR-PDSCH.
Next, it is important that different scrambling parameters are used by each TRP to randomize the interference. In Rel-15, the scrambling sequence is differently initiated when two codewords are supported.  However, it should be possible for TRPs to transmit the same codeword from different TRPs as highlighted above for URLLC scenario. It may be straightforward to add the extension to the Rel-15 scrambling procedure of PDSCH to facilitate such a requirement. 
Proposal 11: Scrambling parameters used by different TRPs should be different to make interference more randomized at the UEs. 

5. ACK/NACK signaling
The UE transmits 1 bit of HARQ feedback for each transmitted codeword. In the case of multi-TRP transmission where a single NR-PDSCH is transmitted from multiple TRPs, if different layers of a single codeword are transmitted from the two TRPs, then the 1 bit of HARQ feedback is sent to the TRP that transmitted the NR-PDCCH. It is also possible that two codewords are transmitted, one from each TRP. Both codewords, however, are scheduled by a single NR-PDCCH from one TRP, which may be the serving TRP. Furthermore, a retransmission in case of a NACK would again be scheduled by the same TRP. Therefore, it would be advantageous for a single PUCCH carrying the ACK/NACK(s) to be sent to the scheduling TRP regardless of the number of codewords.
On the other hand, in the case of multi-TRP transmission where multiple NR-PDCCHs separately schedule respective NR-PDSCHs, one codeword is transmitted by each of the two TRPs. Here two alternatives are possible:
· Alternative 1: The ACK/NACK for each codeword is mapped to a separate PUCCH and sent to the TRP scheduling the corresponding PDSCH.
· Alternative 2: The ACK/NACKs for both codewords are mapped to a single PUCCH, which is transmitted to one of the two TRPs.
Alternative 1 requires two PUCCH transmissions to different TRPs, for which separate uplink resources are consumed. Furthermore, there is also the need to multiplex the transmissions to the two TRPs, e.g., in the time domain. In the case of separate NR-PDSCH transmissions from two TRPs, however, the ACK/NACK for each NR-PDSCH can be directly received by the sending TRP. Alternative 2 requires a single PUCCH transmission containing the ACK/NACKs for both NR-PDSCHs sent to a single TRP. If the ACK/NACK feedback corresponding to the NR-PDSCH from one TRP is sent to the TRP, this alternative would then require forwarding of the ACK/NACK. Therefore, alternative 2 requires cooperation for HARQ similar to cooperation for initial transmission. One issue is that the TRP to which the ACK/NACK needs to be sent back needs to be unambiguously determined which would be possible to do in the absence of any error events. In that case, this alternative can be more energy efficient than alternative 1. There can be a further problem if one of the NR-PDCCHs is not received by the UE which may trigger unnecessary retransmissions. Furthermore, backhaul latency may prevent timely sharing of the feedback between the TRPs. For these reasons, it is better for the UE to send the ACK/NACK for each NR-PDSCH to the TRP that transmitted the corresponding NR-PDCCH. With ideal backhaul, on the other hand, optimized ACK/NACK feedback to a single TRP can be configured to take advantage of energy efficiency with this approach
Proposal 12: The ACK/NACK for each received codeword in a multi-TRP transmission is sent to the TRP that transmitted the scheduling NR-PDCCH.
Proposal 13: Consider enhanced ACK/NACK feedback schemes enabled through higher layer configuration to a single TRP for the case of ideal backhaul.
6. Multi-panel uplink transmission
NR has discussed multi-panel and multi-TRP operation for uplink transmission, where multiple PUCCHs/PUSCHs are transmitted from different panels at user side and are received at separate TRPs. Exploiting different panels to transmit different data streams per user can avoid some potential challenges. For example, in this scheme each link is independently considered, and it does not need complicated inter-panel array calibration. 
To evaluate the benefits of NC-JT-based multi-PUSCH transmission, we consider the use of multiple panels at the UE. Each UE panel can be assumed to have a different orientation, which implies that the best TRP may be different for each UE panel. It is therefore assumed that each UE panel determines its best TRP based on measurements and feeds back the information to the network based on which the network determines which TRP(s) are used for PUCCH /PUSCH reception. 
In order to perform the analysis of per-panel link quality, we assume that each panel of the user has identified its best TRP with the strongest link gain, and this panel and its best TRP together constitute a link pair. Figure 6 illustrates link pair quality for different panels per user. For example, the first panel of user 1 and TRP1 constitutes a link pair, and the second panel of user 1 and TRP2 constitute another link pair. For user 1, the link quality of the first link pair is better than the second link pair. However, for user 2, the second link pair is better than first link pair. Then, we should analyse the per-user ordered link-pair performance, and further investigate the valuable link or link groups for NC-JT transmission.  
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TRP2
TRP3
UE1
UE2

[bookmark: _Ref490056289]Figure 6: UE transmission with multi panels
Figure 7 shows the distribution of the geometry, assuming UEs with 4 panels, for the four-links measured by each UE at each of its panels, sorted by the strengths of the links. Thus, the “Best of 4 panels” curve corresponds to the CDF of the geometry at the panel where the best link is measured, the “Second best of 4 panels” curve corresponds to the CDF of the geometry at the panel where the second-best link is measured, and so on. Also shown in the figure is the CDF of the geometry assuming all UEs have a single randomly oriented panel (“Single panel” curve). It is evident from the figure that the ability to select the best among the 4 panels for the 4-panel UE is beneficial relative to having a single panel. Furthermore, the best panel and second-best panel geometries for 4-panel UEs are better than the geometry for single-panel UEs with random orientation.
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[bookmark: _Ref489959796]Figure 7: Geometry distribution for the best link on each UE panel with 4 panels

Observation 5: Best panel selection for each user can yield a significant performance gain at low cost and low complexity. It is preferred for low-rank uplink transmission. It can be regarded as a special case of NC-JT.
Observation 6: NC-JT based on selected panel subgroup for each user (called enhanced NC-JT) can yield higher performance gain from the perspective of multi-link spatial multiplexing and transmission robustness. It is preferred for high rank uplink transmission.
Observation 7: For configuration of four panels per user, a transmission scheme using two selected panels is preferred in terms of performance and the power efficiency. It indicates that two separate PUSCH can be transmitted from two selected panels for each TRP.
Proposal 14: The maximum number of PUSCHs for multi-panel multi-TRP operation is to 2.
The properties of different link pairs of one user could be different. If the user takes NC-JT for uplink transmission, each link should use a unique TA value in order to gain higher performance. For reducing user uplink transmit complexity, one TA for all active panels per user should be considered. This can be realized through the panel and best TRP pairing procedure given the TA constraints. The best-panel transmission scheme as a special case of NC-JT can use a single TA for uplink transmission.
Proposal 15: To support uplink multi-panel NC-JT, both single-TA based transmission scheme and multi-TA based transmission scheme should be considered according to the user capability.
7. Multi-TRP transmission to support URLLC
Multi-TRP transmission can support improved robustness and reliability for URLLC. Improved robustness can be achieved, for example, through enhancing NR-PDCCH and NR-PDSCH coverage. Consider the case when two PDCCHs schedule respective PDSCHs transmitted by different TRPs. In this case, one PDCCH may be called the primary PDCCH, which is transmitted on the link between serving TRP and user, while the other PDCCH may be called the secondary PDCCH, which is transmitted on the link between the second cooperating TRP and the UE. Although the coverage of the primary PDCCH is guaranteed through cell planning and cell selection by the UE. However, the secondary PDCCH is transmitted from the cooperating TRP and its coverage should be enhanced in order to improve the second link performance in NC-JT transmission since the UE may be located well outside its coverage area without any enhancement. Figure 8 shows an example of one scheme used to improve the secondary link PDCCH coverage. In this scenario, there is one primary TRP (P-TRP), and two secondary TRPs (S-TRP-01 and S-TRP-02). Joint transmission by multiple TRPs is used to improve both the PDSCH performance as well as the PDCCH performance:
· P-TRP and S-TRP-01 are used for PDSCH performance improvement (i.e., transmission of two PDSCHs)
· S-TRP-01 and S-TRP-02 are used for PDCCH-2 performance improvement (i.e., transmission of the same PDCCH)
Transmission of PDCCH-2 from multiple TRPs enhances its coverage and robustness even with a simple transmission scheme such as using the same resources, MCS, etc. For NR system operating in FR2, PDCCH cooperation among more TRPs can be used in order to improve the PDCCH coverage and, robustness.


Figure 8: PDCCH coverage enhancement
Likewise, transmission of the same PDSCH from multiple TRPs can improve the reliability of data. When the same PDSCH is transmitted by multiple TRPs, although the transmissions are non-coherent, the SINR is enhanced. For a UE that is that is being served through NC-JT, the primary link with the serving TRP may be strong, but the link with the second TRP transmitting the second codeword or second set of layers may not be consistently maintained. In such a case, when the second PDSCH or layers of PDSCH from the second PDSCH are transmitted by multiple TRPs, their robustness increases, thereby reducing the probability of decoding error (resulting in fewer retransmissions). This is illustrated in Figure 9. 


Figure 9: Improving robustness for NC-JT.

Observation 8: Transmission of PDCCH or PDSCH from multiple TRPs can be used to enhance reliability and robustness.
8. Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]In this contribution, we discuss remaining details related to multi-TRP/panel transmission. The following proposals are made.
Observation 1: The performance with transmission of separate codewords from two TRPs is generally better than the performance with transmission of different layers of the same codewords from the two TRPs.
Observation 2: If both TRPs transmitting NR-PDSCH are allowed to be different from the one transmitting the NR-PDCCH, an explicit indication of both transmitting TRPs is needed.
Observation 3: In multiple PDCCH based multi-TRP transmissions, independent resource allocation at TRP transmissions is possible.  
Observation 4: Coordination between TRPs can ensure that the total number of layers does not exceed the UE capability for the case of two NR-PDCCHs each scheduling a respective NR-PDSCH.
Observation 5: Best panel selection for each user can yield a significant performance gain at low cost and low complexity. It is preferred for low-rank uplink transmission. It can be regarded as a special case of NC-JT.
Observation 6: NC-JT based on selected panel subgroup for each user (called enhanced NC-JT) can yield higher performance gain from the perspective of multi-link spatial multiplexing and transmission robustness. It is preferred for high rank uplink transmission.
Observation 7: For configuration of four panels per user, a transmission scheme using two selected panels is preferred in terms of performance and the power efficiency. It indicates that two separate PUSCH can be transmitted from two selected panels for each TRP.
Observation 8: Transmission of PDCCH or PDSCH from multiple TRPs can be used to enhance reliability and robustness.

Proposal 1: See the possibility of adopting Rel-15 agreements for multi-TRP/panel transmission, as that gives head starts for Rel-16 multi-TRP/panel discussions. 
Proposal 2: Multi-TRP/Panel transmission shall be supported by both multiple PDCCH and single PDCCH design (i.e., Alt2). 

Proposal 3: For a single NR-PDCCH scheduling NR-PDSCH from two TRPs, resources used for transmission in a single BWP from the two TRPs are completely overlapping.
Proposal 4: In single PDCCH multi-TRP scenario, the following three cases shall be supported for PDSCH transmissions. 
· Different TRPs repeat the same codeword.  
· Different TRPs transmit different layers of a codeword. 
· Different TRPs transmit different codewords.

Proposal 5: Study the benefit of supporting NR-PDSCH transmission from two TRPs that are separate from the TRP transmitting NR-PDCCH.
Proposal 6: For a single NR-PDCCH scheduling separate layers of a single NR-PDSCH from two TRPs, multiple TCI states may be configured for a given total number of DMRS ports, where each TCI states indicates the QCLed ports at each of the two TRPs.
Proposal 7: For a single NR-PDCCH scheduling separate NR-PDSCH from two TRPs, consider supporting the following.
· Layers from each TRP are mapped to a separate codeword even when the total number of layers ≤4.
· The MCS associated for the transmission from each TRP can be different.

Proposal 8: In multiple PDCCH based multi-TRP scenario, the following cases shall be supported for PDSCH transmissions. 
· The same codeword is transmitted by different TRPs (URLLC).  
· Different codewords are transmitted by different TRPs. 

Proposal 9: Confirm the working assumption from RAN1 #90 that for the case of multiple NR-PDCCHs from separate TRPs scheduling respective NR-PDSCHs, at most two codewords are used.
Proposal 10: A separate CORESET can be configured for the NR-PDCCH from each TRP for a UE receiving multi-TRP transmission.
Proposal 11: Scrambling parameters used by different TRPs should be different to make interference more randomized at the UEs. 
Proposal 12: The ACK/NACK for each received codeword in a multi-TRP transmission is sent to the TRP that transmitted the scheduling NR-PDCCH.
Proposal 13: Consider enhanced ACK/NACK feedback schemes enabled through higher layer configuration to a single TRP for the case of ideal backhaul.
Proposal 14: The maximum number of PUSCHs for multi-panel multi-TRP operation is to 2.
Proposal 15: To support uplink multi-panel NC-JT, both single-TA based transmission scheme and multi-TA based transmission scheme should be considered according to the user capability.
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Annex I
Agreements from RAN1 #88 [5]
Agreement:
· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE:
· For 1 to 2-layer transmission: 1 codeword
· For 5 to 8-layer transmission: 2 codewords
· FFS for 3 & 4-layer transmissions – revisit today 
Working assumption:
· NR supports the following number of codewords per PDSCH/PUSCH assignment per UE (Alt1):
· For 3 and 4-layer transmission: 1 CW
· FFS: the support of Alt2 (mapping 2-CW to 3 layers and 2-CW to 4 layers)
· Companies are encouraged to evaluate the case of multi-panel/multi-TRP scenarios
 
Agreements from RAN1 #88bis [6]
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
The above agreements on codeword-to-layer mapping are relevant to the case of single NR-PDCCH scheduling single NR-PDSCH (see below). Below are the RAN1 agreements that are directly related to multi-TRP transmission in Rel-15.
 Agreements from RAN1 #89 [7]
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 from RAN1 NR Ad Hoc 2 [8]
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:
· 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

Note: The first bullet in the above agreement can be viewed as supporting the first type of transmission (“Single NR-PDCCH schedules single NR-PDSCH…”) in the agreements above.
Agreements from RAN1 #90 [9]
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
The following agreements were also made with respect to multi-panel transmission:
Agreements from RAN1 #87 [10]
Agreements:
· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 
· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array
· Should consider different inter-panel phase calibration cases
· FFS QCL related aspects
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.
· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on
· Should consider different inter-panel phase calibration cases
Annex II
The simulation assumptions are summarized in Table 1.
[bookmark: _Ref525839367]Table 1. Simulation assumption for NC-JT
	[bookmark: _Hlk525010649][bookmark: _Hlk525012462][bookmark: _Hlk525012447]Deployment Scenario

	[bookmark: _Hlk525010381][bookmark: _Hlk525010225]Scenario
	Dense Urban
	Indoor Hotspot
	Unit

	Scenario layout
	Hexagonal Macro Network
	Single layer indoor floor 120 x 50 m
	—

	Inter-site distance (ISD)
	200
	[bookmark: _GoBack]20
	m

	Carrier frequency
	4 GHz
	4 GHz
	Unit

	[bookmark: _Hlk525015959][bookmark: _Hlk525016033]Channel model
	3D UMa
	ITU Indoor Hotspot
	—

	Base Station (BS)

	Scenario
	Dense Urban
	Indoor Hotspot
	Unit

	Number of BS
	21
	12
	1

	BS transmission power
	44
	24
	dBm

	BS antenna height
	25
	3
	m

	UE

	UE location
	80% indoors, 20% outdoors
	100% indoors
	—

	UE receiver noise figure
	9
	9
	dB

	UE receiver
	MMSE ideal
	MMSE ideal
	—

	CQI estimation
	Ideal
	Ideal
	

	UE antenna pattern
	Omnidirectional
	Omnidirectional
	—

	Antenna configuration (M,N,P,Mg,Ng,Mp,Np) & (hs,vs) 

	Base station
	4 ports: (8,2,2,1,1,1,2) & (0.5,0.8)
16 ports: (8,4,2,1,1,2,4) & (0.5,0.8)
	(1,1,2,1,1) & (0.5,0.5)
	—

	UE
	(1,2,2,1,1) & (0.5,0.5)
	(1,2,2,1,1) & (0.5,0.5)
	—

	Downlink scheduling

	Scenario
	Dense Urban
	Indoor Hotspot
	Unit

	Resource scheduler
	Proportional Fair
	—

	Frequency resolution
	Wide band
	—

	Max transmission rank
	4
	2

	Traffic	

	Traffic model
	FTP Model 1 (FTP1)
	—

	FTP1 file size
	0.5
	MB

	FTP1 traffic load
	20%/40%/60%
	—

	CoMP

	Coordination cluster size
	6/6/9 sectors
	All sectors
	1

	Channel model
	UMa
	ITU Indoor Hotspot
	—

	UL Feedback delay
	5
	5
	ms
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