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Introduction
NC-JT was studied and specified in LTE Rel-14 [1] and Rel-15, respectively.  Some NC-JT gains were observed with 2 antenna ports at each TRP and 4Rx at the UE. Most of the gains occur at lower loads where active UEs are sparse and with NC-JT, full rank 4 operation is possible from the UE’s perspective.  
NC-JT has been proposed as a MIMO enhancement in Rel-16 NR [2].  While 2 antenna ports remain the mostly deployed base station antennas in LTE, it is expected that large number of antenna ports per TRP will be deployed in NR from the beginning.  Therefore, it would be interesting to understand how NC-JT performs in such NR deployment scenarios.
In this contribution, we present some preliminary simulation results on NC-JT with 2 or 32 antenna ports at each TRP.  
NC-JT with 2 Antenna Ports 
We have first simulated NC-JT with 2 antenna ports at each TRP and 4Rx at all the UEs under the urban macro scenario as defined in TR 38.802. For comparison, single TRP scheduling and dynamic point selection (DPS) are also simulated as baselines as these are already supported techniques. For NC-JT and DPS, fixed clusters are formed, and each cluster consists of 3 sectors within one site, i.e., intra-site clustering.  Ideal channel feedback with SVD based precoders are used. Other simulation parameters can be found in the Appendix.
Table 1 shows the cell edge UE throughput gains by NC-JT over single TRP SU-MIMO scheduling at various resource utilization (RU) levels. The gains of DPS over single TRP are also shown. At 10% and 20% RU, NC-JT provides 14% and 13% gains, respectively, over single TRP scheduling. The gain diminishes at RUs above 40%. DPS provides better throughput than NC-JT above 20% RU. The large NC-JT gain at low load is due to the higher combined rank transmission from multi-TRPs, but this effect cannot be effectively utilized- at higher loads because of inter-cell interference, particularly for cell edge UEs, and the gain disappears.

[bookmark: _Ref525846564]Table 1:  Cell edge UE throughput gains with NC-JT and DPS (2 antenna ports and 4 Rx) 
	RU (Single TRP)
	Single TRP (Baseline 1)
	DPS (Baseline 2)
	NC-JT

	10%
	0%
	2%
	14%

	20%
	0%
	9%
	13%

	30%
	0%
	7%
	3%

	40%
	0%
	10%
	2%

	50%
	0%
	6%
	-7%

	60%
	0%
	13%
	-1%



Table 2 shows the mean UE throughput gains by NC-JT and DPS at various resource utilization (RU) levels. Again, large NC-JT gains can be seen at low loads.  At higher loads, NC-JT still has some gains, but they are marginal compared to DPS.
[bookmark: _Ref525847763]Table 2: Mean UE throughput gains with NC-JT and DPS (2 antenna ports and 4 Rx)
	RU (Single TRP)
	Single TRP (Baseline 1)
	DPS (Baseline 2)
	NC-JT

	10%
	0%
	1%
	14%

	20%
	0%
	2%
	11%

	30%
	0%
	3%
	9%

	40%
	0%
	3%
	8%

	50%
	0%
	4%
	8%

	60%
	0%
	4%
	9%



Given that DPS is already supported in NR Rel-15, it makes sense to use DPS as the baseline when evaluating NC-JT performance in the cases where it has benefit over single TRP.  Thus, we make the following observation:
[bookmark: _Toc525933198]With 2 antenna ports and 4 Rx, NC-JT provides moderate to large gains at low load (i.e. <30% of RU) and small to negligible gains at high load.
NC-JT with 32 Antenna ports 
Next, we have simulated NC-JT with 32 antenna ports, i.e., (M, N, P) = (8,2,2), at each TRP and 4Rx at the UEs, again under the urban macro scenario as defined in TR 38.802. The results are shown in Table 3 and Table 4.
The results show that NC-JT has negligible cell edge gain and negative mean throughput gain over single TRP scheduling. DPS provides some moderate cell edge gain and small mean throughput gain over single TRP scheduling.  The reason for the disappearance of NC-JT gain comparing to the 2 antenna ports case is that with large number of antenna ports, full rank (rank 4 in this case) transmission from a single TRP can also be achieved. Also, maximum rank 2 per TRP was applied in the simulation in case of NC-JT. 
[bookmark: _Ref525849421]Table 3: Cell edge UE throughput gains with NC-JT and DPS (32 antenna ports and 4 Rx)
	RU (single TRP)
	Single TRP (baseline 1)
	DPS (baseline 2)
	NC-JT

	10%
	0%
	7%
	1%

	20%
	0%
	10%
	0%

	30%
	0%
	12%
	0%

	40%
	0%
	19%
	1%
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Table 4: Mean UE throughput gains with NC-JT and DPS (32 antenna ports and 4 Rx)
	RU (single TRP)
	Single TRP (baseline 1)
	DPS (baseline 2)
	NC-JT

	10%
	0%
	1%
	-7%

	20%
	0%
	2%
	-7%

	30%
	0%
	2%
	-6%

	40%
	0%
	3%
	-5%



[bookmark: _Toc525933199]With 32 antenna ports at each TRP, NC-JT has negligible or even negative gains over single TRP scheduling under 5G UMa, even at very low load.

Conclusions
In this contribution, we made the following observations:
Observation 1	With 2 antenna ports and 4 Rx, NC-JT provides moderate to large gains at low load (i.e. <30% of RU) and small to negligible gains at high load.
Observation 2	With 32 antenna ports at each TRP, NC-JT has negligible or even negative gains over single TRP scheduling under 5G UMa, even at very low load.
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Appendix:  Simulation Parameters
	Carrier frequency
	4 GHz 

	Bandwidth
	20 MHz 

	Scenarios
	Urban Macro as defined in TR 38.802, 500m ISD

	TRP antenna configurations
	2 ports: (M,N,P) = (1,1,2) 
32 ports: (M,N,P) = (8,2,2)

	UE antenna
	4Rx: (M,N,P) = (1,1,2)

	TRP antenna spacing
	0.8 lambda in vertical, 0.5 lambda in horizontal

	Cell layout
	57 homogeneous cells 

	Wrapping
	Radio distance based

	UE receiver
	MMSE-IRC

	CSI periodicity
	1 ms

	CSI delay 
	1 ms

	CSI mode
	Explicit

	Link Adaptation
	Ideal

	UE noise figure 
	9 dB

	gNB Tx power 
	49 dBm 

	Traffic model
	FTP Model 1, 100 kB packet size

	UE speed, outdoor
	30km/h

	Scheduling 
	Single TRP;
DPS;
NC-JT

	Multi-TRP cluster
	Intra-site 3 sectors

	Handover margin
	0 dB

	Transmission
	SU-MIMO with up to rank 4 from UE perspective (Rank adaptation enabled)






