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1
Introduction
In RAN#80, a new work item on NR MIMO enhancements was approved [1] and further updated in RAN#81 [2]. Following objectives to enhance multi-TRP/panel transmission with both ideal and non-ideal backhaul are included: 

· 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

Furthermore, it has been agreed that multi-TRP techniques for URLLC requirements are included in MIMO WI. 

In RAN1#94b, following agreements related to PDCCH enhancements were made [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 document, we discuss multi-TRP issues and corresponding enhancements that are relevant to the objectives defined in the work item.
2
PDCCH enhancements for multi-TRP
2.1 Single vs. multiple PDCCH transmission
In the agreement from RAN1#94b, different alternatives are being considered related to single and/or multiple PDCCH transmission for multi-TRP transmission and it is agreed to down-select among the options. Although, this specific agreement mentions that these options are considered for eMBB, but in our opinion the discussion could be unified for both eMBB and URLLC. According to the discussion, single PDCCH here means, that PDCCH transmission is only from one TRP, whereas PDSCH could be from multiple TRPs. For the purpose of down-selection, we provide high level benefits, possible issues and relevant use-cases related to different alternatives in Table 1. Based on the table, we realize that both single PDCCH and multiple PDCCH provide specific benefits in different use-cases that cannot be achieved by supporting only of them for all use cases and scenarios. 
Table 1: Comparison of single and multiple PDCCH transmission
	PDCCH Design Alt
	Use cases
	Benefits
	Issues

	Alt 0: Single PDCCH
	Mainly eMBB because spatial diversity is limited to SFN operation
	· No or small additional PDCCH overhead since only single TRP with single PDCCH schedules for multiple TRPs
	· Mainly suitable for ideal backhaul
· Require some additional signalling enhancements to solve issues related to certain DCI fields

	Alt 1: Multiple PDCCH
	Suitable for both eMBB and URLLC as full of spatial diversity.
	· Suitable for transmission of different data channels from different TRPs without ideal backhaul requirement (eMBB)
· Very crucial for ultra-reliability of PDCCH by repetition on different TRPs (URLLC)
	· Additional overall PDCCH overhead

	Alt 2: Both single and multiple PDCCH
	Optimal for both eMBB and URLLC
	· Combined benefits from above two alternatives
	· Combined issues from above two alternatives


Proposal 1: For multi-TRP in NR MIMO in Rel. 16, support both single PDCCH and multiple PDCCH transmission for both eMBB and URLLC.
2.2 Issues with single PDCCH transmission

DMRS port indication

For multi-TRP transmissions, the DMRS ports from different TRPs are generally non-QCLed. Therefore, the mapping of ports to layers that are transmitted on different TRPs should be such that the ports mapped to different TRPs should be in different QCL groups. They should be divided into different QCL groups. This has not been considered in the DMRS port indication in Rel-15 and most entries of the current DMRS port indication tables are not suitable for single PDCCH based multi-TRP transmission. As it has been agreed that DMRS ports within each CDM group are QCL-ed, certain entries are not suitable for multi-TRP transmission because DMRS ports from different TRPs are generally non-QCLed in multi-TRP/panel scenario. Therefore, DMRS port indication enhancement should be specified for multi-TRP/panel transmission. 

Proposal 2: For supporting data transmission on multiple TRPs using single PDCCH, signalling enhancements related to DMRS port indication should be considered and specified in NR Rel. 16.

TCI state signalling

Multiple TRPs can be geographically separated which could result in quite different transmission links from the TRPs to the UE. Based on the existing specifications for single PDCCH transmission, only single TCI state is signalled via DCI with up to 3 bits. This means one of the eight configured TCI states is signalled to the UE. This is generally sufficient for a single TRP transmission, where the antennas are not quite far away and the channel conditions are not significantly different. However, if single existing TCI state signalling is used to indicate QCL assumptions for multi-TRPs to the UE, the assumptions might not be valid for all TRP links. Therefore, signalling enhancements would be needed to signal suitable TCI state for each TRP involved.

Proposal 3: For supporting data transmission on multiple TRPs using single PDCCH, signalling enhancements related to TCI (QCL assumptions) should be considered and specified in NR Rel. 16.
2.3 Issues with multiple PDCCH transmission

In multiple PDCCH transmission using multiple TRPs, the main issue is the overall overhead. If the number of PDCCH transmissions is proportional the number of TRPs, then the combined PDCCH overhead can be quite large. Therefore, although multiple PDCCH transmission from multiple TRPs provides better spatial diversity, but it should not be supported to always and only transmit respective PDCCH from each TRP. 
Other possible issue with multiple PDCCH transmission from multiple TRPs at the same time is related to UE receiver complexity. The number of blind decodings and the number of supported CORESETs can be influenced.
3
PUCCH enhancements for multi-TRP

Similar to PDCCH, PUCCH enhancements are also considered for multi-TRP transmission/reception. From eMBB perspective, the PUCCH transmission is quite straightforward and doesn’t require any enhancements. Basically, for every PDSCH that is transmitted from each TRP, a corresponding PUCCH should be transmitted back from the UE to respective TRPs, as shown in Figure 1.
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Figure 1: Example of PDSCH and corresponding PUCCH transmission for eMBB with 2 TRPs
Observation 1: For multi-TRP in NR MIMO in Rel. 16, no PUCCH enhancements are needed for eMBB use-case.
PUCCH enhancements for URLLC with multi-TRP

From URLLC perspective, increased reliability and robustness is required for PUCCH transmission/reception, similar to other physical channels. One of the key issue is related to HARQ-ACK/NACK transmission corresponding to one or more PDSCH transmission from different TRPs. One of the possible scenario for URLLC with multi-TRP is to transmit same PDSCH from multiple TRPs to the UE, as shown in Figure 2. 
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Figure 2: Example of same PDSCH transmission for URLLC with 2 TRPs
The corresponding PUCCH transmission with HARQ-ACK/NACK could be handled in different ways, as shown in Figure 3. In Figure 3.a, joint decoding result is sent only on single PUCCH to TRP1, in Figure 3.b, respective decoding results are sent to respective TRPs and in Figure 3.c, joint decoding result is sent to both TRPs. From URLLC point of view, solution Figure 3.c seems to provide the most robust solution as it sends the result of joint decoding of the same PDSCH on both the PUCCH to respective TRPs. This ensures that even if one TRP uplink link has poor channel conditions, the other better link can send the HARQ-ACK/NACK result of the joint coding to at least one of the TRPs.
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Figure 3: Examples of PUCCH transmission with HARQ-ACK/NACK corresponding to same PDSCH transmission for URLLC with 2 TRPs
Proposal 4: PUCCH enhancements for URLLC transmission with multi-TRP should be considered in NR Rel. 16.

4
Conclusion 
Here we summarize the observations and proposals that have been presented in the sections above:
Proposal 1: For multi-TRP in NR MIMO in Rel. 16, support both single PDCCH and multiple PDCCH transmission for both eMBB and URLLC.
Proposal 2: For supporting data transmission on multiple TRPs using single PDCCH, signalling enhancements related to DMRS port indication should be considered and specified in NR Rel. 16.
Proposal 3: For supporting data transmission on multiple TRPs using single PDCCH, signalling enhancements related to TCI (QCL assumptions) should be considered and specified in NR Rel. 16.
Proposal 4: PUCCH enhancements for URLLC transmission with multi-TRP should be considered in NR Rel. 16.
Observation 1: For multi-TRP in NR MIMO in Rel. 16, no PUCCH enhancements are needed for eMBB use-case.
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