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1. Introduction
In the last meeting, the following agreements have been achieved[1].

Agreement

For multi-DCI based multi-TRP/panel transmission, the total number of CWs in scheduled PDSCHs, each of which is scheduled by one PDCCH, is up to 2.

Agreement

For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 

· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:

· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 

· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 

· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  

· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.

· The number of active BWPs for a UE is 1 per CC 

· FFS: PDSCH mapping type from two co-scheduled PDSCHs

· FFS: Alignment of PRG-level grid from multiple TRPs

· FFS: How to ensure the same active BWP between multiple TRPs

· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

Agreement

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

Agreement

For TCI state configuration in order to enable one or two TCI states per a TCI code point,

· MAC-CE enhancement to map one or two TCI states for a TCI code point where further detailed design is determined in RAN2.

· FFS whether increasing the number of bits of TCI field in DCI

Agreement

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 

For issues related to PUCCH resources, study including: 

· FFS: if PUCCH resources conveying ACK/NACK feedback are overlapped at time, whether predefined dropping rule is needed to drop ACK/NACK feedback.

· FFS: how to handle ACK/NACK overlapping with CSI reporting for different TRPs 

· FFS: how to handle PUCCH overlapping with PUSCH at the time domain for different TRPs

· FFS: whether the UE can assume simultaneous ACK/NACK transmission from multiple PUCCH resources, and associated details of configurations/indication/UE capability.  

In this contribution, we provide the performance emulation results of multi-TRP/panel transmission based on single PDCCH.

2. Evaluation assumptions
According to the evaluation assumptions agreed in RAN1 #94bis, system-level evaluation is performed for eMBB at 4GHz with 10MHz BW and 15kHz SCS under Dense Urban scenario. The baseline scheme for comparison is single-TRP SU-MIMO with Rel-15 codeword mapping rule. The performance gain of SU-MIMO NC-JT with up to 2 TRPs over the baseline scheme is presented for rank up to 4. Two codeword mapping schemes are considered for NC-JT, i.e., Rel-15 mapping (noted as single CW in the simulation results shown in section 3) and enhanced mapping (noted as double CWs in section 3). For NC-JT based on Rel-15 mapping, different groups of layers of the same codeword are transmitted from different TRPs/panels. Whereas for enhanced mapping, each codeword is transmitted with corresponding TRP/panel in NC-JT. More detailed evaluation assumptions can be found in the Appendix.
3. Evaluation results
In SLS under Dense Urban scenario, the potential TRP cluster includes the three sectors in one site, and the monitored TRPs of UEs can be dynamically selected based on RSRP level. Besides the TRP with the strongest RSRP, UEs can also select the other monitored TRPs within certain RSRP threshold. At most 2 TRPs are used in NC-JT.

Figure 1 shows the results with max rank of 2/4 for the cases with 4 ports and Figure 2 shows the results with max rank of 2/4 for the cases with 16 ports.
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Figure 1: Dense Urban, 4ports, max rank=2/4 
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Figure 2: Dense Urban, 16ports, max rank=2/4 
As presented in the evaluation results, NC-JT shows notable gain over single-point transmission.  It’s also observed that double-CW transmission outperforms single-CW transmission for all the cases. 
Observation 1: Under Dense Urban scenario NC-JT shows notable gain over single-point transmission. 
Observation 2: Double-CW transmission outperforms single-CW transmission especially for the 5th and 50th percentile throughout in the cases.
4. Conclusions 
In this contribution we provide some performance evaluation results of NC-JT under different assumptions on port number, codeword mapping rule and max rank. Based on the evaluation results shown in section 3, it can be observed that
Observation 1: Under Dense Urban scenario NC-JT shows notable gain over single-point transmission. 
Observation 2: Double-CW transmission outperforms single-CW transmission especially for the 5th and 50th percentile in the cases.
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Appendix
Table 1: SLS assumptions for eMBB multi-TRP enhancement

	Parameters
	Values

	Duplex, Waveform
	FDD, OFDM 

	Scenario
	Dense Urban

	Frequency Range
	4GHz

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP
	4 ports: (M, N, P, Mg, Ng, Mp, Np) = (8,2,2,1,1,1,2)
16 ports: (M, N, P, Mg, Ng Mp, Np) = (8,4,2,1,1,2,4)

(dH, dV) = (0.5, 0.8)λ 

	Antenna setup and port layouts at UE
	4Rx Port: (M, N, P, Mg, Ng, Mp,Np) = (1,2,2,1,1,1,2)

(dH,dV) = (0.5, 0.5)λ

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52

	Simulation bandwidth 
	10 MHz

	Configuration for multi-TRP
	Cluster
	3 neighboring TRPs in one gNB

	
	Maximal number of coordinating TRPs
	2 TRPs

	
	Backhaul assumption
	Ideal

	Transmission scheme
	Baseline: SU-MIMO, rank 4  per TRP

Multi-TRP: rank 2 per TRP


	Codebook
	Type II codebook

	Traffic model
	FTP traffic model 1

	Packet size 
	0.5Mbytes


