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Introduction
In our previous NC-JT evaluations [1], it is observed that in general NC-JT only provides some performance gain over DPS when the number of Tx ports per TRP is less than the number of Rx ports at UE and when the system load is low, i.e.., <30% of resource utilization (RU) with single TRP scheduling.  In these cases, scheduling data from two TRPs allows to use higher aggregated ranks than what can be provided from a single TRP. 
In case of 4Tx ports per TRP and 4Rx or 8Rx  at UE, one question is whether all the layer combinations from two TRPs, (L1, L2), need to be supported in order to maintain these NC-JT gains. For example, in case of 4Rx  at the UE, the possible layer combinations of (L1, L2) include {(1,1),(1,2),(2,1),(2,2),(1,3),(3,1) }, the question is whether  (L1,L2) = (3,1) and (1,3), which represent highly unbalanced layer combinations, should be supported. 
In another example where 8Rx ports are at the UE, the possible layer combinations of (L1, L2) are {(1,1),(1,2),(2,1),(2,2),(1,3),(3,1),(2,3),(3,2),(1,4),(4,1),(3,3),(2,4),(4,2),(3,4),(4,3),(4,4) }, on openquestion in this case  is whether  the highly unbalanced layer combinations (L1,L2) = (2,4),(4,2),(3,1),(1,3),(1,4),(4,1) should be supported. 
In this contribution, we present some evaluation results for NC-JT in a NC-JT friendly scenario with and without restriction of certain layer combinations.  The goal is to gain some insights on how NC-JT performs with and without certain layer restrictions since it has impact on the antenna port indication table to be used for Rel-16 multi-TRP transmissions.
Simulation Assumptions
The Indoor Hotspot scenario at 4GHz is used in the simulations, where 12 ceiling-mounted TRPs are placed in a rectangular area each with 4Tx antenna ports facing down. The TRPs are partitioned into static coordination clusters with 2 TRPs in each cluster. Each UE is associated with one cluster.
The UEs are equipped with either 4Rx or 8Rx antennas. Ideal backhaul within each cluster is assumed. This enables coordinated scheduling within each cluster. For NC-JT, a UE can be scheduled from either one TRP or 2 TRPs based on PF metric.
In case of NC-JT with layer restriction, only the layer combinations of (L1, L2) with |L1-L2|<2 are scheduled. For 4Rx , this means that (L1, L2) = (3,1) and (1,3) are not scheduled. The reason for this restriction is due to the Rel.15 antenna port indication table, since if table is directly re-used for NC-JT, then this kind of layer combination restriction applies.
 For 8Rx , this principle  means that (L1, L2) = (2,4), (4,2), (3,1), (1,3), (1,4), (4,1)  cannot be scheduled.  In case of NC-JT without layer restriction, all layer combinations can be scheduled, even the largely unbalanced ones.
FTP traffic model-1 is used with packet size of 500kB.  The other simulation assumptions are included in the Appendix.
For comparison purpose, single TRP results are also presented  to show the resource utilization regions where NC-JT has gains. 
Evaluation Results
4Rx at UE
The evaluation results for NC-JT with and without layer restriction for 4Tx (CSI-RS) ports per TRP and 4Rx at UE are summarized in Table 1.  It can be that seen that there is only a very little difference between NC-JT with and without layer restriction. It should noted that in this scenario, NC-JT performance is worse than single TRP and it would be better to use single TRP. Nevertheless, the results  shows that there is little performance degradation with layer restriction in NC-JT.
[bookmark: _Toc1025985]The performance degradation with layer restriction |L1-L2|<2 compared to unrestricted, in the case of 4Tx ports per TRP and 4Rx  at UE under indoor hotspot scenario at 4GHz is very small.

[bookmark: _Ref534904237]Table 1: NC-JT performance with and without layer restriction with 4Rx ports at UE.
	 RU of single TRP
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	Single TRP
	NC-JT
	NC-JT with layer restriction
	Single TRP
	NC-JT
	NC-JT with layer restriction

	10%
	0%
	-4%
	-4%
	0%
	-3%
	-3%

	20%
	0%
	-6%
	-6%
	0%
	-6%
	-6%

	30%
	0%
	-9%
	-9%
	0%
	-7%
	-7%

	40%
	0%
	-7%
	-7%
	0%
	-8%
	-8%



8Rx ports at UE
The evaluation results are summarized in Table 2.  Again, there is only a small NC-JT performance degradation (~1%-unit) with layer restriction.  Note that in this scenario, NC-JT performs better than single TRP  in terms of mean UE throughput only at RUs below 30%.  The performance degradation is about 1%-unit in this range of RU. 
[bookmark: _Toc1025986]There is about 1%-unit NC-JT performance degradation with layer restriction |L1-L2|<2 compared to unrestricted in the case of 4Tx ports per TRP and 8Rx  at UE under indoor hotspot scenario at 4GHz.
  
[bookmark: _Ref968837]Table 2: NC-JT performance with and without layer restriction with 8Rx ports at UE.
	RU of single TRP
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	Single TRP
	NC-JT
	NC-JT with layer restriction
	Single TRP
	NC-JT
	NC-JT with layer restriction

	10%
	0%
	6%
	5%
	0%
	27%
	26%

	20%
	0%
	-3%
	-4%
	0%
	9%
	8%

	30%
	0%
	0%
	2%
	0%
	1%
	1%

	40%
	0%
	5%
	4%
	0%
	-2%
	-3%



Rank Distributions
To gain further insight on how the layer combinations are distributed between two TRPs in case of NC-JT with and without layer restriction, some rank statistics are collected for the case of 8Rx  at the UE for around 10% and 20% RU for NC-JT. The results are shown in Figure 1 and Figure 2, respectively. Note that with layer restriction, the overall percentage of scheduling from two TRPs is slightly decreased, the percentages shown are with respect to the numbers in each case, i.e., with and without layer restriction. 
(a) Overall rank distribution  
(b) Rank distribution when scheduled over two TRPs 

[bookmark: _Ref989131]Figure 1. Rank distribution at about 10% of RU.
(a) Overall rank distribution  
(a) Rank distribution when scheduled over two TRPs 

[bookmark: _Ref989139]Figure 2. Rank distribution at about 20% of RU.

It can be seen in Figure 1 that with layer restriction, rank 6 value is decreased since layer combinations (2,4), (4,2) can not be scheduled, while rank 7 value is increased as a result, which is likely due to that (3,4) is selected instead of (2,4). Similarly, multi-TRP transmission with aggregated rank 4 is reduced as layer combinations (1,3), (3,1)  cannot be scheduled, while the rank 3 value is increased. Thus, layer restriction for certain layer combinations results in more data being scheduled in layer combinations with aggregated ranks close to the rank of the restricted layer combinations.  Similar observation can be seen in Figure 2 for the case of 20% of RU.  
[bookmark: _Toc1025987]NC-JT with layer restriction of |L1-L2|<2 results in more data scheduling with other layer combinations having aggregated rank close to the rank of the restricted layer combinations.
Conclusions
In this contribution, we have presented some additional evaluation results for NC-JT with 4Tx ports per TRP and 4Rx or 8Rx ports at UE under indoor scenario at 4GHz. Based on the results, we have the following observation:
Observation 1	The performance degradation with layer restriction |L1-L2|<2 compared to unrestricted, in the case of 4Tx ports per TRP and 4Rx  at UE under indoor hotspot scenario at 4GHz is very small.
Observation 2	There is about 1%-unit NC-JT performance degradation with layer restriction |L1-L2|<2 compared to unrestricted in the case of 4Tx ports per TRP and 8Rx  at UE under indoor hotspot scenario at 4GHz.
Observation 3	NC-JT with layer restriction of |L1-L2|<2 results in more data scheduling with other layer combinations having aggregated rank close to the rank of the restricted layer combinations.
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Appendix:  Simulation Assumptions
	Parameters
	Indoor Hotspot

	Carrier frequency
	4GHz 


	Channel model
	TR 38.901

	TP antenna configuration
	4 ports: (M, N, P, Mg, Ng) = (1,2,2,1,1)

	UE antenna configuration
	4Rx Port:
(M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

8Rx Port:
(M,N,P,Mg,Ng,Mp,Np) = (1,4,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 


	Coordination assumptions
	DPS and NC-JT: 2 TRPs per cluster with ideal backhaul

	Traffic model 
	ftp model 1, 500kB packet size

	Channel estimation
	Ideal

	Sheduling
	Wideband PF scheduling
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