Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG RAN WG1 Meeting #95	R1-1813612
Spokane, USA, November 12-16, 2018

Source:	Ericsson
Title:	Intra-site vs. inter-site clustering for NC-JT and DPS in Dense Urban scenario 
Agenda Item:	7.2.8.6
Document for:	Discussion and Decision
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 the coordination set consists of 3 sectors within each site, i.e. with ‘intra-site’ clustering.  In this contribution, we present some additional results when the coordination set consists of 3 cells from three adjacent sites, one cell from each site, i.e., ‘inter-site’ clustering.  
NC-JT with Inter-site Clustering
Simulation Assumptions
In the inter-site clustering simulation, the coordination set includes 3 cells from three adjacent sites, one cell from each site. The 3 cells form a clover leave pattern as shown in Figure 1. Each UE is attached to one cluster (or a coordination set).  Up to two cells are selected dynamically in NC-JT for transmitting data to a UE at the same time.  Again, ideal backhaul is assumed. In addition to the agreed 4 and 16 Tx ports per TRP in the evaluation assumptions, the case of 2 Tx ports with 8x1 column antenna was also simulated for comparison. The simulated schemes include:
· NC-JT: Dynamic selection of one or two cells (i.e., dynamic switching between single-TRP and NC-JT) for a UE within the associated cluster, one codeword per TRP
· DPS: Dynamic selection of a cell for a UE within the associated cluster. 
· single TRP: Independent scheduling per cell 
SU-MIMO is used in all the simulations. The maximum rank per TRP for all schemes is 4 for 4 and 16 Tx ports and 2 for 2 Tx ports. Other simulation assumptions can be found in the Appendix.
One inter-site cluster
3-sector site

[bookmark: _Ref528825570]Figure 1.  Inter-site clustering.

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 all three cases with 2, 4, and 16 Tx ports, inter-site clustering consistently performs worse for both NC-JT and DPS, from low load to higher loads. The reason for that is because in case of inter-site clustering, only small number of cell edge UEs having similar pathlosses to the two gNBs can benefit from NC-JT or DPS. While in the intra-site clustering case, there are more UEs having similar pathlosses to the gNBs and thus more UEs could be scheduled with NC-JT. 
In addition, for 4 and 16 Tx ports DPS consistently performs better than NC-JT in both intra- and inter-clustering, even at 10% of resource utilization (RU). For 2 Tx ports, NC-JT only provides better mean throughput than DPS at RU below 20%, mainly due to the fact that ranks 3 and 4 can be scheduled to a UE with NC-JT. The benefit of NC-JT disappears at RUs above 20%.

[bookmark: _Ref528827566]Table 1:  4 ports results under dense urban at 4GHz
	[bookmark: _Hlk528753068]Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	Intra-site clustering
	Inter-site clustering
	RU (single TRP)
	single TRP
	Intra-site clustering
	Inter-site clustering

	
	
	DPS
	NC-JT
	DPS
	NC-JT
	
	
	DPS
	NC-JT
	DPS
	NC-JT

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

	20%
	0%
	11%
	5%
	6%
	-4%
	20%
	0%
	1%
	-2%
	-2%
	-6%

	40%
	0%
	16%
	5%
	-4%
	-13%
	40%
	0%
	-1%
	-5%
	-6%
	-11%

	50%
	0%
	15%
	9%
	-8%
	N/A
	50%
	0%
	0%
	-3%
	-10%
	N/A



Table 2: 16 ports results under dense urban at 4GHz.
	Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	Intra-site clustering
	Inter-site clustering
	RU (single TRP)
	single TRP
	Intra-site clustering
	Inter-site clustering

	
	
	DPS
	NC-JT
	DPS
	NC-JT
	
	
	DPS
	NC-JT
	DPS
	NC-JT

	10%
	0%
	17%
	17%
	12%
	12%
	10%
	0%
	2%
	2%
	1%
	1%

	20%
	0%
	22%
	19%
	16%
	12%
	20%
	0%
	4%
	3%
	1%
	-1%

	40%
	0%
	32%
	26%
	17%
	10%
	40%
	0%
	7%
	6%
	0%
	-1%

	50%
	0%
	39%
	35%
	17%
	15%
	50%
	0%
	10%
	9%
	1%
	-2%



[bookmark: _Ref528748068]Table 4:  2 ports results under dense urban at 4GHz.
	Cell edge UE throughput gain
	Mean UE throughput gain

	RU (single TRP)
	single TRP
	Intra-site clustering
	Inter-site clustering
	RU (single TRP)
	single TRP
	Intra-site clustering
	Inter-site clustering

	
	
	DPS
	NC-JT
	DPS
	NC-JT
	
	
	DPS
	NC-JT
	DPS
	NC-JT

	10%
	0%
	10%
	1%
	8%
	-4%
	10%
	0%
	1%
	10%
	1%
	5%

	20%
	0%
	6%
	-7%
	3%
	-13%
	20%
	0%
	0%
	0%
	-1%
	-6%

	40%
	0%
	-7%
	-20%
	-26%
	-39%
	40%
	0%
	-7%
	-12%
	-15%
	-22%

	50%
	0%
	-6%
	-17%
	-30%
	-42%
	50%
	0%
	-10%
	-14%
	-21%
	-28%



[bookmark: _Toc528932450]For both Rel.16 NC-JT and Rel.15 DPS, intra-site coordination performs better than inter-site coordination in dense urban scenario. 
   
Conclusion
In this contribution, we have presented simulation results comparing inter-site vs. intra-site clustering for NC-JT and DPS for dense urban scenario. We made the following observation:
Observation 1	For both Rel.16 NC-JT and Rel.15 DPS, intra-site coordination performs better than inter-site coordination in dense urban scenario.
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Simulation Assumptions
	Parameters
	Dense urban (Macro Only)

	Carrier frequency
	4GHz 


	Channel model
	TR38.901

	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
	· 3 cells from the same site (intra-site clustering) 
· 3 cells from 3 adjacent sites, one cell from each site (inter-site clustering)

	Traffic model 
	ftp model 1, 500kB packet size

	Cell layout
	19 sites with 57 homogeneous cells
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