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Introduction
In RAN1#AH-1901, the following enhancements are agreed for NC-JT [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 X and also the total number of MIMO layers of scheduled PDSCHs is up to reported UE MIMO capability, if resource allocation of PDSCHs are overlapped.
· X=2
· FFS: X=3
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, down-select one alternative from following in RAN1 96 
· Alt 1: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 2:  the UE can be only scheduled with full/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs
· Alt 3: the UE may be scheduled with full/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· Same DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the DMRS symbol location and DMRS configuration type shall be assumed by the UE for full/partially overlapping PDSCHs. 
· The UE is not expected to have more than one TCI state with DMRS ports within the same CDM group for full/partially overlapping PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
Other restrictions are not excluded, for example BWP switching


In this contribution, we present simulation results on the performance of NC-JT for various maximum number of cooperative TRPs to verify the performance gain when the number of overlapped PDSCHs X=3. Also, we present simulation results on the performance of three different resource allocation methods in frequency domain: 1) full-overlapping resource allocation, 2) partial-overlapping resource allocation, and 3) non-overlapping resource allocation.
Simulation results for NC-JT
The following simulations have been performed in the indoor hotspot scenario with 4 GHz carrier frequency. Based on RSRP measurement from a UE, gNB configures a CoMP measurement set for the UE whose size is equal to the maximum number of cooperative TRPs. Among TRPs in the CoMP measurement set, gNB selects actual cooperative TRPs from CSI report so that the number of active cooperative TRPs can be dynamically changed. We assume ideal backhaul and ideal CSI measurement to assess the potential gain of the evaluated features.
More detailed evaluation assumptions are provided in Appendix.
1.1 Evaluation results according to various numbers of cooperative TRPs
[bookmark: _Ref528831525]In this section, UPT gains of NC-JT over a single TRP transmission are provided for maximum 2 and 3 cooperative TRPs. For scheduling strategy, wideband scheduling is used based on wideband CSI for both single and multi TRPs. Tables 1 and 2 show the UPT gains of NC-JT when the target RUs for single TRP are approximately 10% and 15%, respectively. In Tables 1 and 2, gain increment column indicates the relative gain of NC-JT with max. 3 cooperative TRPs compared to that with max. 2 cooperative TRPs. As evident from Table 1, when the target RU for single TRP is approximately 10%, NC-JT with max. 2 cooperative TRPs provides mean and 95% UPT gains of 69.70% and 101.93%, respectively, over single TRP transmission. Furthermore, as the max. number of cooperative TRPs increases to three, additional 13.91% and 50.20% gains are observed for mean and 95% UPT, respectively.
Table 1. UPT gains of NC-JT over single TRP transmission. 2T8R, target RU for single TRP ≈ 10%.
	
	Mean UPT
	95% UPT

	
	Value
	Gain over single TRP
	Gain increment
	Value
	Gain over single TRP
	Gain increment

	Single TRP
	158.8Mbps
	-
	-
	178.0Mbps
	-
	-

	NC-JT with max. 2 cooperative TRPs
	269.5Mbps
	69.70%
	-
	359.4Mbps
	101.93%
	-

	NC-JT with max. 3 cooperative TRPs
	291.6Mbps
	83.61%
	+13.91%
	448.7Mbps
	152.13%
	+50.20%



As evident from Table 2, when the target RU for single TRP is approximately 15%, NC-JT with max. 2 cooperative TRPs provides mean and 95% UPT gains of 57.09% and 101.37%, respectively, over single TRP transmission. As the max. number of cooperative TRPs increases to three, additional 21.22% and 54.77% gains are observed for mean and 95% UPT, respectively.
Table 2. UPT gains of NC-JT over single TRP transmission. 2T8R, target RU for single TRP ≈ 15%.
	
	Mean UPT
	95% UPT

	
	Value
	Gain over single TRP
	Gain increment
	Value
	Gain over single TRP
	Gain increment

	Single TRP
	154.4Mbps
	-
	-
	178.2Mbps
	-
	-

	NC-JT with max. 2 cooperative TRPs
	242.5Mbps
	57.09%
	-
	358.8Mbps
	101.37%
	-

	NC-JT with max. 3 cooperative TRPs
	275.3Mbps
	78.31%
	+21.22%
	456.4Mbps
	156.14%
	+54.77%



From the results, we observe significant UPT gain especially for cell centre UEs (i.e., 95% UPT) by increasing the maximum cooperating TRPs from 2 to 3. It implies that allowing three overlapped PDSCHs can provide considerable UPT gain compared to two overlapped PDSCHs.
Observation 1: NC-JT with up to three cooperative TRPs provides significant UPT gains over the case with up to two cooperative TRPs, which implies that allowing three overlapped PDSCHs can be beneficial in improving UE throughput.
1.2 Evaluation results on frequency-domain resource allocation methods
In this section, UPT gains of NC-JT over single TRP transmission are provided for three different resource allocation methods in frequency domain when subband scheduling is used for all cooperative TRPs. The followings are the three considered resource allocation methods in frequency domain:
· Full-overlapping resource allocation: RB allocation for all cooperative TRPs are fully overlapped, i.e., the number and location of allocated RBs for a UE are the same over all cooperative TRPs.
· Non-overlapping resource allocation: RB allocation for all cooperative TRPs are non-overlapped, i.e., the location of allocated RBs for a UE are different for all cooperative TRPs. The number of allocated RBs for a UEs can be the same or different among cooperative TRPs.
· Partial-overlapping resource allocation: RB allocation for all cooperative TRPs need not be fully- or non-overlapped, i.e., the location of allocated RBs for cooperative TRPs to a UE can be set most flexibly among the three resource allocation methods. The number of allocated RBs for a UEs can be the same or different among cooperative TRPs.
Tables 3 and 4 show UPT gains of NC-JT with the considered resource allocation methods over a single TRP transmission when the maximum number of cooperative TRPs is set to two and target RU is approximately 20% and 10%, respectively. In Tables 3 and 4, gain increment column indicates the relative gain of NC-JT with non/partially overlapping allocation over fully overlapping allocation.
As evident from Table 3, when target RU for single TRP is approximately 20% (low RU scenario), NC-JT with fully overlapping allocation provides mean and 95% UPT gains of 8.45% and 44.90%, respectively, over single TRP transmission. It implies that NC-JT with fully overlapping allocation may provide substantial gain for cell centre UEs, while rather limited gain for the other UEs because of the restriction on RB allocation over cooperative TRPs. For NC-JT with non overlapping allocation, 7.68% and 44.70% losses are observed for mean and 95% UPT, respectively, compared to that with fully overlapping allocation. Such losses come from the fact that non overlapping allocation prohibits cooperative TRPs from reusing the same RB, which results in inefficient frequency resource usage compared to full overlapping allocation, especially for cell centre UEs. For NC-JT with partially overlapping allocation, additional 16.80% and 19.35% gains are observed for mean and 95% UPT, respectively, compared to that with fully overlapping allocation. It implies that flexible RB allocation over cooperative TRPs can provide significant UPT gains, for both cell centre UEs and the other UEs, compared to fully overlapping allocation.
Table 3. UPT gains of NC-JT on frequency domain resource allocation methods. 
2T4R, Target RU for single TRP ≈ 20% (low RU scenario).
	
	Mean UPT
	95% UPT

	
	Value
	Gain over single TRP
	Gain increment over full overlapping
	Value
	Gain over single TRP
	Gain increment over full overlapping

	Single TRP
	125.1Mbps
	-
	-
	177.2Mbps
	-
	-

	NC-JT with 
full overlapping
	135.7Mbps
	8.45%
	-
	256.8Mbps
	44.90%
	-

	NC-JT with 
non overlapping
	126.1Mbps
	0.77%
	-7.68%
	177.6Mbps
	0.20%
	-44.70%

	NC-JT with 
partial overlapping
	156.7Mbps
	25.25%
	+16.80%
	291.1Mbps
	64.25%
	+19.35%


Observation 2: NC-JT with fully overlapping RB allocation gives limited mean UPT gain over single TRP transmission in low RU scenario, because of the restriction on RB allocation over cooperative TRPs.
	
Observation 3: NC-JT with partially overlapping RB allocation can provide significant UPT gains over fully and non overlapping RB allocation, at least for low RU scenario.
As evident from Table 4, when target RU for single TRP is approximately 10% (very low RU scenario), NC-JT with fully overlapping allocation provides mean and 95% UPT gains of 27.15% and 78.48%, respectively, over single TRP transmission. It implies that fully overlapping allocation can provide substantial gain for both cell centre UEs and the other UEs in very low RU scenario. For NC-JT with non overlapping allocation, 22.91% and 78.45% losses are observed for mean and 95% UPT, respectively, compared to that with fully overlapping allocation. It implies that prohibiting cooperative TRPs from using the same RBs leads to very inefficient RB resource usage especially in very low RU scenario. For NC-JT with partially overlapping allocation, additional 0.60% and 3.06% gains are observed for mean and 95% UPT, respectively, compared to that with fully overlapping allocation. Such marginal gain of partially overlapping comes from the fact that in very low RU scenario, all cooperative TRPs most likely to have traffic for only a single UE in their queues when the queues are not empty. In other words, all the cooperating TRPs usually serve a single UE with all RBs so that there's little room to reap UPT gain by flexible RB allocation.
Table 4. UPT gains of NC-JT on frequency domain resource allocation methods. 
2T4R, Target RU for single TRP ≈ 10% (very low RU scenario).
	
	Mean UPT
	95% UPT

	
	Value
	Gain over single TRP
	Gain increment over full overlapping
	Value
	Gain over single TRP
	Gain increment over full overlapping

	Single TRP
	141.3Mbps
	-
	-
	177.8Mbps
	-
	-

	NC-JT with 
full overlapping
	179.6Mbps
	27.15%
	-
	317.3Mbps
	78.48%
	-

	NC-JT with 
non overlapping
	147.4Mbps
	4.24%
	-22.91%
	178.0Mbps
	0.03%
	-78.45%

	NC-JT with 
partial overlapping
	180.4Mbps
	27.75%
	+0.60%
	322.7Mbps
	81.54%
	+3.06%


[bookmark: _Ref446598642]Observation 4: NC-JT with non overlapping RB allocation suffer from large UPT losses compared to that with fully overlapping RB allocation in both low and very low RU scenarios, because of the inefficient resource usage over cooperative TRPs.
Conclusions
In this contribution, we present simulation results to study the impact of the number of cooperative TRPs and frequency domain resource allocation methods on the performance of NC-JT. The following observations are made with ideal backhaul and ideal CSI measurement:
Observation 1: NC-JT with up to three cooperative TRPs provides significant UPT gains over the case with up to two cooperative TRPs, which implies that allowing three overlapped PDSCHs can be beneficial in improving UE throughput.
Observation 2: NC-JT with fully overlapping RB allocation gives limited mean UPT gain over single TRP transmission in low RU scenario, because of the restriction on RB allocation over cooperative TRPs.
	
Observation 3: NC-JT with partially overlapping RB allocation can provide significant UPT gains over fully and non overlapping RB allocation, at least for low RU scenario.
Observation 4: NC-JT with non overlapping RB allocation suffer from large UPT losses compared to that with fully overlapping RB allocation in both low and very low RU scenarios, because of the inefficient resource usage over cooperative TRPs.
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Appendix
[bookmark: _Ref528831614]Table 4. Evaluation assumptions for the evaluation results
	Parameters
	Values

	Layout / channel model
	Indoor hotspot (open office)

	Carrier frequency / SCS
	4GHz / 30kHz

	Bandwidth
	20MHz

	gNB Tx power
	21 dBm

	gNB antenna configuration
	2 Tx ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)

	UE antenna configuration
	4 Rx ports: (M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2)
8 Rx ports: (M,N,P,Mg,Ng,Mp,Np) = (2,2,2,1,1,2,2)

	Max. # of cooperating TRPs
	2, 3

	CoMP measurement set size
	2, 3 (equal to the max. # of cooperative TRPs)

	Backhaul delay
	Ideal (0ms)

	UE receiver
	MMSE IRC

	Channel estimation
	Ideal (explicit interference modelling)

	CSI acquisition period 
	5 slots

	ACK/NACK delay
	4 slots

	# of HARQ processes
	16

	HARQ scheme
	CC (up to 4 retransmissions)

	Traffic model
	Non-full buffer

	Target RU
	10%, 15%, 20%
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