3GPP TSG RAN WG1 #96bis		                         R1-1904735
Xi’an, China, 8th – 12th April, 2019
Agenda item:	7.2.8.2
Source: 	CMCC
Title:	Discussion on multi-TRP/panel transmission
Document for:	Discussion and Decision
1 [bookmark: _Toc120549591]Introduction
In 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
In this contribution, we will discuss the ACK/NACK feedback, rate matching enhancement, PDSCH scrambling for multiple PDCCHs based multi-TRP/panel transmission, and CW-to-layer for single PDCCH based multi-TRP/panel transmission. 
2 System evaluation for multiple PDCCHs based multi-TRP transmission
Here, we present our system level evaluation on downlink performance for multi-TRP transmission and observe some potential gains of multiple PDCCHs based transmission.
The performance gain is observed for dense urban scenario at 2GHz. Single TRP case (no DPS) is assumed as baseline scheme. For multi-TRP case, the UE can select up to 2 TRPs based on the RSRP metric. The resource allocation is totally independent between the two serving TRPs (resource may overlap) and two independent codewords are transmitted from the two TRPs for a multi-TRP transmission UE. MMSE-IRC algorithm is considered for mitigating the strong interferences from the cooperation TRP. FTP traffic model 1 with low load (35% RU) is assumed in the following results. Other assumptions can be found in the appendix. The 5th percentile and mean UE throughput gains over the baseline are shown in Table 1 below. 
Table 1 Multi-TRP DL Throughput Performance
	
	5% UPT (Mbps)
	Mean UPT (Mbps)

	Single Case (Baseline)
	5.9613
	19.8095

	Multiple TRP Case
	8.8692
	21.7732

	Gain
	48.8%
	9.9%


It can be observed that the gain of multiple TRP case is around 50% for edge users and 10% for mean UPT. The reason is extra transmission rank and also boosting signal power can be provided by the auxiliary TRP for the cell edge users.
Observation 1: Multi-TRP scheme can bring considerable gain for the cell edge users under FTP low load traffic. 
3 Discussion on multiple PDCCHs based multi-TRP/panel transmission
For multiple PDCCHs based multi-TRP/panel DL transmission for eMBB, separate ACK/NACK for received PDSCHs was supported in RAN1 #AH1901 meeting [2]. It is assumed that multiple PUCCH resources carrying separate ACK/NACK correspond to 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 ACK/NACK feedback corresponding to different TRPs are partially/fully overlapped. In RAN1 96 meeting [3], the following agreement was made: 
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used, 
· PUCCH resources conveying ACK/NACK feedback can be TDM with separated HARQ-ACK codebook. 
· FFS TDM within a slot 
· FFS: the format of PUCCH from multiple TRP shall be same or different 
If the UE can’t simultaneously transmit multiple PUCCH resources, PUCCH resources conveying ACK/NACK feedback can be TDM within a slot. However, the restriction of TDM within a slot is too strict, for example, when a 14 symbol PUCCH resource is overlapping with another PUCCH resource, how to realize TDM within a slot? Therefore, if the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, the PUCCH resources conveying ACK/NACK feedback can be allowed to TDM or FDM within a slot.
Some methods could be adopted to resolve this issue, e.g., 1）the PUCCH resources for ACK/NACK feedback of different TRPs could be coordinated among the TRPs through backhaul signaling to avoid the possible PUCCH resource overlapping, or 2）a group of PUCCH resources, instead of only one PUCCH resource, could be indicated by the PUCCH resource indicator field in DCI and UE can select one of them to feedback the ACK/NACK to reduce the PUCCH resource overlapping possibility.
Proposal 1. Both TDM and FDM within a slot should be allowed for multiple PUCCH resources conveying ACK/NACK feedback if the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources
Proposal 2. To reduce the PUCCH resource overlapping possibility, some methods could be considered, e.g., the coordination among TRPs through backhaul signaling, or indicating a group of PUCCH resources by DCI that UE can select one of them to feedback ACK/NACK.
Additionally, rate matching information coordination could be considered for multiple PDCCHs transmission. In RAN1 96 meeting [2], the following agreement was identified: 
[bookmark: _GoBack]For multiple-PDCCH based multi-TRP/panel transmission, rate matching, puncturing, and pre-emption mechanisms shall be studied/enhanced if need, e.g. ratematchpattern, DMRS ports, ZP/NZP CSI-RS, SSB, configured CORESET, lte-CRS-ToMatchAround, pre-emption indications. 
· to be discussed and down-selected in RAN1#96bis
Resources with high priority could be configured in several rate matching patterns through RRC signaling, and the specific rate matching pattern could be activated via DCI. In Rel-15, UE’s PDSCH can only rate match its serving cell’s resources with high priority. If there are some resources from the coordinated TRPs need to be rate matched, the information should be first exchanged among multiple coordinated TRPs, then added into the rate matching patterns, and use DCI to trigger that specific pattern.
Proposal 3. For multiple PDCCHs based multi-TRP/panel transmission, rate matching information should be first exchanged among multiple coordinated TRPs, then added into the rate matching patterns, and use DCI to trigger that specific pattern.
PDSCH scrambling had been supported in R15 and it is an effective technique to randomize interference. In R15, the scrambling sequence is initialized by a RNTI associated with the PDSCH, a higher-layer configured PDSCH scrambling parameter and the codeword index. Following R15 spec, for two codewords transmitted from two TRPs and each TRP corresponding to one codeword, the scrambling sequence for two codewords from two TRPs with the same cell ID are initialized by a same value for a UE, which may lead to a worse interference randomization performance between codewords because of using the the same cinit. In order to randomize the interference among different layers better, enhancement on cinit for multiple layers scrambling should be considered.
Proposal 4. For multiple PDCCH transmission, different scrambling sequences for codewords from different TRPs/panels should be considered.
4 Discussion on single PDCCH based multi-TRP/panel transmission
For single PDCCH transmission, the CW-to-layer mapping and the DMRS ports indication 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. 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. 
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 5. For single PDCCH transmission, the CW-to-layer mapping and DMRS ports indication should be enhanced to support multi-TRP NCJT transmission.
5 Conclusions
In this contribution, downlink control signalling enhancement(s) for multi-TRP transmission are discussed, and the following proposals are made. 
Observation 1: Multi-TRP scheme can bring considerable gain for the cell edge users under FTP low load traffic. 
Proposal 1. Both TDM and FDM within a slot should be allowed for multiple PUCCH resources conveying ACK/NACK feedback if the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources.
Proposal 2. To reduce the PUCCH resource overlapping possibility, some methods could be considered, e.g., the coordination among TRPs through backhaul signaling, or indicating a group of PUCCH resources by DCI that UE can select one of them to feedback ACK/NACK.
Proposal 3. For multiple PDCCHs based multi-TRP/panel transmission, rate matching information should be first exchanged among multiple coordinated TRPs, then added into the rate matching patterns, and use DCI to trigger that specific pattern.
Proposal 4. For multiple PDCCH transmission, different scrambling sequences for codewords from different TRPs/panels should be considered.
Proposal 5. For single PDCCH transmission, the CW-to-layer mapping and DMRS ports indication should be enhanced to support multi-TRP NCJT transmission.
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Appendix
	Parameters 
	Dense urban (Macro Only) 

	Carrier frequency 
	2GHz

	Channel model 
	TR38.901 

	TP antenna configuration 
	16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4) 
(dH, dV) = (0.5, 0.8)λ for FR1 

	UE antenna configuration 
	4Rx Port: (Baseline) 
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (Dh,Dv) = (0.5, 0.5)λ for FR1 

	Scheduler Scheme
	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For single TRP user and baseline case: up to 2 rank (adaptive)
For multiple TRP User: 1 rank per serving TRP

	Coordination assumptions 
	No specific coordination scheme


 

