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Introduction
In [1], we have presented some initial simulation results for NC-JT under dense urban scenario based on the assumptions agreed in RAN1#94bis, where cell specific (static) intra-site clustering with coordinated scheduling is assumed. Another clustering approach is UE specific clustering in which each UE selects its preferred cells to form a cluster and the clusters can be different for different UEs. The latter approach typically requires higher complexity at the network side as data routing to TRPs would be different for different UEs. 
In this contribution, we present some simulation results for both these cases.  This is a revision of R1-1813613.
Performance Evaluations
Simulation Assumptions
Evaluations have been performed in the Dense Urban scenario at 4 GHz carrier frequency. 
In the cell specific intra-site clustering simulation, the coordination set consists of 3 cells in each site (co-located TRPs) and each UE is associated with one cluster. A single scheduler is used in each cluster and scheduling within each cluster is thus coordinated to achieve the overall best scheduling metric. Up to two codewords are transmitted to the scheduled UE, at most one per cell.
In the UE specific clustering simulation, each UE is associated with two cells with the strongest received RSRPs. To make sure the two cells have comparable RSRP levels, an additional constraint was added such that the RSRP difference between the two selected cells are within 10dB.  The scheduling is done independently in each cell, so a UE may be scheduled with two PDSCHs, one from each cell, in a slot.  This scheme is referred to as ‘Dynamic NC-JT’.  
Dynamic Point Selection (DPS) and single cell scheduling were also simulated as Rel.15 baselines, for comparison. The simulated schemes thus include:
· NC-JT:  
· Cell specific clustering, dynamic selection of up to two cells within the associated cluster for transmitting data to a UE
· DPS:
· Cell specific clustering, dynamic selection of one cell within the associated cluster for transmitting data to a UE
· Dynamic NC-JT: 
· UE specific clustering and each of the selected cells can schedule data independently to the UE 
· Single TRP:
· Independent per cell scheduling
SU-MIMO is used in all the simulations. The maximum transmission rank per TRP for all schemes is 4 for 4 ports and 16 ports and 2 for 2 Tx ports. Other simulation assumptions can be found in the Appendix.
Simulation Results
The simulation results are shown in Table 1 to Table 4 below. Note that DPS is already supported in NR Rel-15, naturally DPS should also be considered as the baseline in evaluating NC-JT for NR Rel-16. Therefore, the numbers in red colour in the tables mean that they are worse than either single TRP or DPS and the numbers in green colour indicate that they are better than DPS and single TRP.
For 4 and 16 Tx ports, dynamic NC-JT consistently performs very poorly compared to all other three schemes for all loads simulated.  The only case where Dynamic NC-JT performs better is with 2Tx ports at 10% of resource utilization. The gain, however, disappears quickly also in this case when the load increases.
[bookmark: _Toc528958529]Dynamic NC-JT based on UE specific clustering and independent scheduling performs worse than single TRP scheduling in most cases in the Dense Urban scenario. 
The reason for the poor performance with Dynamic NC-JT is likely due to the nature of multi-TRP transmission with un-coordinated, independent scheduling and high interference caused by its higher resource utilization.  As shown in Table 4, the resource utilization of Dynamic NC-JT is much higher than the other schemes and thus there is higher interference.  
For the cases of 4 and 16 Tx ports, the performance gain of Dynamic NC-JT is negative even at 10% of RU, which is likely due to the fact that higher ranks (up to 4) are available from each TRP, when a UE receives two rank 4 transmissions from two cells at the same time, the combined transmission layers are more than the UE can handle.  This can be seen from the increased number of retransmissions for Dynamic NC-JT as shown in Figure 1 for 4Tx ports at about 10% of single TRP RU.
Table 5 shows results of 4 Tx ports when the maximum rank per TRP is limited to 2 for Dynamic NC-JT so that the maximum rank for each UE is 4, which is within the UE capability. It can be seen that at low loads, the performance of Dynamic NC-JT is indeed improved somewhat when the rank per TRP is limited to 2. However, it is still worse than single TRP even at 10% of RU.
For the case of 2 Tx ports, the maximum number of layers from each cell is two, thus the maximum aggregated layers from two cell is 4, which can still be handled by the UE.  At very low load, inter-cell interference is not a big problem as there are not many active UEs. Thus, only in this case, Dynamic NC-JT can provide some gain. 

[bookmark: _Ref528827566]Table 1:  4 ports results under dense urban at 4GHz
	RU (single TRP)
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT

	10%
	0%
	8%
	2%
	-10%
	0%
	1%
	-1%
	-10%

	20%
	0%
	11%
	5%
	-16%
	0%
	1%
	-2%
	-13%

	40%
	0%
	16%
	5%
	-27%
	0%
	-1%
	-5%
	-32%

	50%
	0%
	15%
	9%
	-42%
	0%
	0%
	-3%
	-48%



Table 2: 16 ports results under dense urban at 4GHz.
	RU (single TRP)
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT

	10%
	0%
	17%
	17%
	-19%
	0%
	2%
	2%
	-20%

	20%
	0%
	22%
	19%
	-19%
	0%
	4%
	3%
	-24%

	40%
	0%
	32%
	26%
	-22%
	0%
	7%
	6%
	-33%

	50%
	0%
	39%
	35%
	-33%
	0%
	10%
	9%
	-43%



[bookmark: _Ref528748068]Table 3:  2 ports results under dense urban at 4GHz.
	RU (single TRP)
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT

	10%
	0%
	10%
	1%
	-1%
	0%
	1%
	10%
	20%

	20%
	0%
	6%
	-7%
	-11%
	0%
	0%
	0%
	1%

	40%
	0%
	-7%
	-20%
	-34%
	0%
	-7%
	-12%
	-30%

	50%
	0%
	-6%
	-17%
	-47%
	0%
	-10%
	-14%
	-48%




[bookmark: _Ref528958425]Table 4: Resource utilizations, 4 Tx ports.
	Resource utilization

	single TRP
	DPS
	NC-JT
	dynamic NC-JT

	10%
	11%
	14%
	19%

	20%
	22%
	27%
	38%

	30%
	35%
	41%
	56%

	40%
	48%
	54%
	73%

	50%
	60%
	66%
	87%
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[bookmark: _Ref528870957]Figure 1: HARQ retransmissions at about 10% of single TRP RU, 4 Tx ports. 
[bookmark: _Ref529826514]




Table 5:  4 Tx ports results under dense urban at 4GHz with up to rank 2 per TRP for Dynamic NC-JT.
	RU (single TRP)
	Cell edge UE throughput gain
	Mean UE throughput gain

	
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT (up to rank 4 per TRP)
	Dynamic NC-JT (up to rank 2 per TRP)
	single TRP
	DPS
	NC-JT
	Dynamic NC-JT (up to rank 4 per TRP)
	Dynamic NC-JT (up to rank 2 per TRP)

	10%
	0%
	8%
	2%
	-10%
	-6%
	0%
	1%
	-1%
	-10%
	-4%

	20%
	0%
	11%
	5%
	-16%
	-13%
	0%
	1%
	-2%
	-13%
	-11%

	40%
	0%
	16%
	5%
	-27%
	-27%
	0%
	-1%
	-5%
	-32%
	-31%

	50%
	0%
	15%
	9%
	-42%
	-41%
	0%
	0%
	-3%
	-48%
	-48%




Conclusion
In this contribution, we have presented simulation results comparing NC-JT with cell specific clustering and coordinated scheduling vs. UE specific clustering and independent scheduling per cell.  We made the following observation:
Observation 1	Dynamic NC-JT based on UE specific clustering and independent scheduling performs worse than single TRP scheduling in most cases in the Dense Urban scenario.
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Simulation Assumptions
	Parameters
	Dense urban (Macro Only)

	Carrier frequency
	4GHz 


	Channel model
	TR 38.901

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


	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 

	Coordination assumptions
	DPS and NC-JT: Coordination of 3 cells from the same site (intra-site clustering)
Dynamic NC-JT: No coordination – independent scheduling from 2 TRPs

	Traffic model 
	ftp model 1, 500kB packet size

	Cell layout
	19 sites with 57 homogeneous cells
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