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1 [bookmark: _Toc120549591]Introduction
At RAN#80 meeting, a new work item of Enhancements on MIMO for NR was agreed [1]. The objectives of the WI focus on specifying the enhancements identified for NR MIMO, including:
· Extend specification support in the following areas [RAN1]
· 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
At RAN1 #95 meeting, following agreements on multi-TRP transmission are made:
Agreement
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB
Agreement 
For multiple-PDCCH based multi-TRP/panel DL transmission, at least following enhancements can be studied for eMBB: 
· Multiple PDCCH enhancements/restrictions, including following 
· #1: PDSCH scheduling restriction/indication, e.g. 
· The number of layers per PDSCH and the maximal of layers across all coordination TRPs 
· no/partial/full PDSCH overlapping at T/F domains, considering 
· associated rate matching mechanism 
· the maximum number of overlapped PDSCH per BWP per symbol
· PDSCH mapping types 
· PDSCH scrambling 
· #2: Configurations and monitoring of multiple PDCCH, e.g. 
· CORESET/search space configurations (including configuration details) for multi-TRP reception 
· The number of BD/CCE for multi-TRP reception  
· Independent DCI (strive to reuse Rel-15 DCI format/field) or dependent DCI (e.g. two-step DCI) considering 
· Associated DCI format/fields
· Applicability to non-ideal backhaul and ideal backhaul 
In this contribution, we will discuss the PDCCH design and PUCCH for HARQ-ACK for multi-TRP DL transmission using single PDCCH/multiple PDCCH design. 
2 Discussion on PDCCH transmission
For non-coherent joint transmission, different layers are transmitted from different TRPs, and the separate layers could be scheduled either by single PDCCH or multiple PDCCHs. 
For multiple PDCCH transmission, PDSCH of different TRPs could be scheduled by different PDCCHs independently. In this case, if no information about PDCCH configuration or PDSCH resource allocation is coordinated among multiple TRPs, no/partial/full overlapping of resource allocation for the PDSCH/PDCCH from different TRPs may exist due to independent scheduling. For overlapped PDSCH and PDCCH, performance of DMRS channel estimation should be guaranteed. Since DMRS for PDSCH has up to 12 ports and multiple time domain positions, collision probability of different TRPs with the same DMRS configuration is much smaller than that of DMRS for PDCCH. In Rel-15, DMRS for PDCCH has only one port and the time/frequency domain positions are fixed, besides, UEs under multi-TRP transmission usually distribute at cell edge. Thus, UEs may experience strong interference for PDCCH DMRS and interference mitigation approaches such as introducing multiple DMRS ports or multiple frequency positions should be further studied. In order to guarantee the PDCCH performance, PDCCH configuration information coordination among different TRPs could be considered.
Proposal 1. For multiple PDCCH transmission, PDCCH DMRS interference mitigation approaches such as introducing multiple DMRS ports or multiple frequency positions should be further studied if PDCCH configuration information is not coordinated among multiple TRPs.
Additionally, rate matching information coordination also could be considered for multiple PDCCH transmission. In Rel-15, several rate matching patterns are configured through RRC signalling, and the specific pattern is informed through DCI. Thus, in order to rate matching the coordinated TRPs, the rate matching information should be first exchanged among multiple coordinated TRPs through backhaul, then the exchanged information could be added into rate matching patterns and DCI is used to trigger one pattern.
Proposal 2. For multiple PDCCH transmission, rate matching information coordination could be considered.
For single PDCCH transmission, the CW-to-layer mapping, the DMRS ports indication and the QCL indication in DCI of R15 may not be sufficient for multi-TRP transmission. Firstly, for multi-TRP NCJT transmission different TRPs may experience different channel qualities. If we still use the CW-to-layer mapping in R15, which means one to four layers are mapped to the same CW, the performance of AMC may be greatly restricted. The straightforward way is to always support two CW for multi-TRP NCJT transmission and more flexible CW-to-layer mapping, e.g., CW0->1 layer and CW1->3 layers, needs to be supported. However, the total number of layers from the multi-TRPs needs to be restricted based on UE capabilities. Secondly, more flexible DMRS ports indication needs to be supported, e.g., the one DMRS port associated with the one layer mapped from CW0 and the three DMRS ports associated with the three layers mapped from CW1 need to be indicated by the DCI, one example of DMRS ports indication is illustrated in table 1 for the case dmrs-Type=1 and maxLength=1, which is modified from Table 7.3.1.2.2-1 of TS38.212. Thirdly, in R15 only one quasi co-location relationship between one or two downlink reference signals and the DM-RS ports of the PDSCH is indicated by the TCI state in DCI. It is obvious that for multi-TRP NCJT transmission, it’s necessary to specify separate QCL information for the separate layers of single PDSCH transmitted from separate TRPs. One possible solution is to indicate more than one TCI states by one DCI. 
Table 1 (Table 7.3.1.2.2-1 of TS38.212): Antenna port(s) (1000 + DMRS port), dmrs-Type=1, maxLength=1
	Two Codewords:
Codeword 0 enabled,
Codeword 1 enabled

	Value
	Number of DMRS CDM group(s) without data
	DMRS port(s) associated with CW0
	DMRS port(s) associated with CW1

	Total number of layer(s)

	0
	1(1000 + DMRS port 0/1)
	0
	1
	2=1+1

	1
	2(1000 + DMRS port 0/1/2/3)
	0
	1
	2=1+1

	2
	2(1000 + DMRS port 0/1/2/3)
	0
	2
	2=1+1

	3
	2(1000 + DMRS port 0/1/2/3)
	0
	3
	2=1+1

	4
	2(1000 + DMRS port 0/1/2/3)
	1
	2
	2=1+1

	5
	2(1000 + DMRS port 0/1/2/3)
	1
	3
	2=1+1

	6
	2(1000 + DMRS port 0/1/2/3)
	2
	3
	2=1+1

	7
	2(1000 + DMRS port 0/1/2/3)
	0
	1,2
	3=1+2

	8
	2(1000 + DMRS port 0/1/2/3)
	0
	1,3
	3=1+2

	9
	2(1000 + DMRS port 0/1/2/3)
	0
	2,3
	3=1+2

	10
	2(1000 + DMRS port 0/1/2/3)
	1
	0,2
	3=1+2

	11
	2(1000 + DMRS port 0/1/2/3)
	1
	0,3
	3=1+2

	12
	2(1000 + DMRS port 0/1/2/3)
	1
	2,3
	3=1+2

	13
	2(1000 + DMRS port 0/1/2/3)
	2
	0,1
	3=1+2

	14
	2(1000 + DMRS port 0/1/2/3)
	2
	0,3
	3=1+2

	15
	2(1000 + DMRS port 0/1/2/3)
	2
	1,3
	3=1+2

	16
	2(1000 + DMRS port 0/1/2/3)
	3
	0,1
	3=1+2

	17
	2(1000 + DMRS port 0/1/2/3)
	3
	0,2
	3=1+2

	18
	2(1000 + DMRS port 0/1/2/3)
	3
	1,2
	3=1+2

	19
	2(1000 + DMRS port 0/1/2/3)
	0
	1,2,3
	4=1+3

	20
	2(1000 + DMRS port 0/1/2/3)
	1
	0,2,3
	4=1+3

	21
	2(1000 + DMRS port 0/1/2/3)
	2
	0,1,3
	4=1+3

	22
	2(1000 + DMRS port 0/1/2/3)
	3
	0,1,2
	4=1+3

	23
	2(1000 + DMRS port 0/1/2/3)
	0,1
	2,3
	4=2+2

	24
	2(1000 + DMRS port 0/1/2/3)
	0,2
	1,3
	4=2+2

	25
	2(1000 + DMRS port 0/1/2/3)
	0,3
	1,2
	4=2+2

	26-63
	Reserved
	Reserved
	Reserved
	Reserved



Proposal 3. For single PDCCH transmission, the CW-to-layer mapping, the DMRS ports indication and the QCL indication in DCI should be enhanced to support multi-TRP NCJT transmission.
3 Discussion on PUCCH for HARQ-ACK
For multiple PDCCH based multi-TRP DL transmission, we prefer multiple PUCCH resources based HARQ-ACK feedback scheme considering its flexibility to support the non-ideal backhaul scenario, i.e., the multiple PUCCH resources for HARQ-ACK feedback correspond to the multiple PDCCHs with one-to-one mapping, and each PUCCH resource is indicated by the corresponding DCI. However, in this case, it would be possible that multiple PUCCH resources for HARQ-ACK feedback corresponding to different TRPs are partially/fully overlapped. Some methods could be adopted to resolve the issue, e.g., the PUCCH resources for HARQ-ACK feedback of different TRPs could be coordinated among the TRPs through backhaul signaling to avoid the possible PUCCH resource overlapping, or a group of PUCCH resources, instead of only one PUCCH resource, could be indicated by the PDSCH-to-HARQ feedback timing indicator field in DCI and UE can select one of them to feedback the HARQ-ACK to reduce the PUCCH resource overlapping possibility.

Proposal 4. Multiple PUCCH resources based HARQ-ACK feedback scheme should be considered for multiple PDCCH based multi-TRP DL transmission considering its flexibility to support the non-ideal backhaul scenario.

4 Conclusions
In this contribution, downlink control signalling enhancement(s) for multi-TRP transmission are discussed, and the following proposals are made. 
Proposal 1. For multiple PDCCH transmission, PDCCH DMRS interference mitigation approaches such as introducing multiple DMRS ports or multiple frequency positions should be further studied if PDCCH configuration information is not coordinated among multiple TRPs.
Proposal 2. For multiple PDCCH transmission, rate matching information coordination could be considered.
Proposal 3. For single PDCCH transmission, the CW-to-layer mapping, the DMRS ports indication and the QCL indication in DCI should be enhanced to support multi-TRP NCJT transmission.
[bookmark: _GoBack]Proposal 4. Multiple PUCCH resources based HARQ-ACK feedback scheme should be considered for multiple PDCCH based multi-TRP DL transmission considering its flexibility to support the non-ideal backhaul scenario.
References
[1] [bookmark: _Ref521313643]RP-181453, “WI Proposal on NR MIMO Enhancements”, 3GPP TSG RAN Meeting #80, La Jolla, June 11 - 15, 2018.
[2] 3GPP RAN#95, RAN1 Chairman’s Notes, Nov. 2018.
