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[bookmark: _GoBack]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 detailed results comparing NC-JT to single TRP transmission and dynamic point selection (DPS).  Based on these results, we provide some more in-depth insights and observations on the performance of NC-JT in the dense urban scenario.
NC-JT performance
In this paper, we present performance comparisons between NC-JT, single TRP, and DPS in the dense urban scenario.  In addition to 4 and 16 Tx ports per TRP as agreed in the evaluation assumptions in RAN1#94bis, the case of 2 Tx ports with 8x1 column antenna is also simulated for comparison.  A summary of evaluation assumptions is given in Section 4.  The simulated schemes are given below:
· NC-JT: Dynamic selection of one or two cells for a UE within the associated cluster (dynamic switching between NC-JT and single TRP), one codeword per TRP
· DPS: Dynamic selection of a cell for a UE within the associated cluster. 
· Single TRP: Independent scheduling per cell 

Comparison of resource utilization
We first compare the resource utilization values between the three schemes in Table 1.  In general, compared to a single TRP transmission, NC-JT will consume more RBs due to transmissions involving more than one TRP.  Thus, for a given offered load, NC-JT is expected to have a higher resource utilization than single TRP.  
From Table 1, it is interesting to note that the increase in the resource utilization for NC-JT compared to single TRP depends on the number of Tx antenna ports.  For instance, taking the 40% RU for single TRP as a reference, the corresponding RUs for NC-JT are
· 59% in 2Tx case (i.e., 19% RU increase), 
· 54% in 4Tx case (i.e., 14% RU increase),  
· 50% in 16Tx case (i.e., 10% RU increase).  
Recalling that we used dynamic switching between single TRP transmission and NC-JT in our evaluations, the NC-JT transmission probability will depend on the number of transmit antenna ports.  With 2 Tx antenna ports, the probability of NC-JT will be higher as the single TRP transmission will be limited to a maximum of two layers and with NC-JT up to 4-layer transmission is possible.  However, with 16 Tx ports, the probability of NC-JT will be lower as a single TRP is also able to transmit up to 4 layers to a UE.  Hence, due to the higher NC-JT transmission probability associated with 2 Tx port case when compared to the 16 Tx port case, the RU increase will be higher in the 2 Tx port case.  It should also be noted that a higher RU value will lead to higher interference in general.  Thus, we make the following observations:

Observation 1:	The increase in the resource utilization for NC-JT compared to single TRP depends on the number of Tx antenna ports per TRP.
Observation 2:	At 40% RU for single TRP, NC-JT incurs an RU increase of 19% in the 2 Tx antenna port case while the corresponding RU increase is 10% in the 16 Tx antenna port case.  The lower RU increase in the 16 Tx antenna port case can be attributed to the lower probability of NC-JT transmission when compared to the 2 Tx antenna port case.

It is also noted from in Table 1 that the DPS scheme also results in a RU increase compared to single TRP transmission.  This is due to the fact that with the 3 TRP clustering used for the DPS scheme, a TRP in the DPS scheme can possibly serve more UEs when compared to a single TRP with an independent scheduler.  At a given time in the simulation, some TPRs may not have any active UEs attached while other TRPs may have more than one active UE attached.  Let us consider the simple example below where wideband scheduling is assumed for simplicity:
· TRP1 has no active UEs attached at a given time t
· TRP2 has two active UEs (UE1 and UE2) attached at time t
In this example, with the single TRP approach, TRP1 will not schedule any UEs, while TRP2 will schedule either UE1 or UE2 (assuming wideband scheduling).  But when TRP1 and TRP2 are clustered and when DPS is used, one of the UEs (say UE1) can be served by TRP2 while UE2 can be served by TRP1.  Note here that TRP1 is the ‘secondary’ TRP to UE2, given TRP2 is the main TRP to UE2.  In the DPS case, the user throughput may be increased since both UEs can be simultaneously served by the two TRPs compared to the single TRP case wherein only one of the UEs will be served by TRP2 at a given time (assuming wideband scheduling).  However, the simultaneous transmission from two TRPs also means that the interference may be higher which in turn means that the number of scheduled RBs to serve the data packets of the two UEs will be increased.  Hence, the RU for DPS will in general be higher than that of the single TRP scheme as evident from Table 1. The RU increase is more noticeable at higher load.
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Table 1.  A comparison of resource utilization
	2Tx4Rx
	4Tx4Rx
	16Tx4Rx

	Single TRP (RU)
	DPS (RU)
	NC-JT (RU)
	Single TRP (RU)
	DPS (RU)
	NC-JT (RU)
	Single TRP (RU)
	DPS (RU)
	NC-JT (RU)

	10%
	12%
	15%
	10%
	11%
	14%
	10%
	11%
	13%

	20%
	24%
	30%
	20%
	23%
	28%
	20%
	23%
	25%

	40%
	52%
	59%
	40%
	48%
	54%
	40%
	45%
	50%




Comparison of throughput performance
We next compare the throughput performance of NC-JT and DPS to that of the single TRP scheme.  The throughput results for 2Tx, 4Tx, and 16Tx cases are summarized in Figure 1.
First considering the 2Tx case, it should be noted that at 10% RU corresponding to single TRP, NC-JT provides some mean throughput gain over both DPS and single TRP.  This is because both DPS and single TRP scheme can at most transmit 2 layers to the UE due to the limitation of 2 Tx antenna ports, while NC-JT can transmit up to 4 layers.  
Furthermore, at such low offered loads, the interference is reasonably low as evidenced from the RU increase of only 5% for NC-JT (corresponding to 10% single TRP RU in Table 1).  However, as the offered load increases, the interference quickly increases, and the NC-JT performance degrades when compared to both single TRP and DPs (recall from Table 1 the RU increase of 19% for NC-JT when the single TRP scheme has a RU of 40%).

Figure 1.  Throughput performance of NC-JT and DPS with respect to single TRP

Observation 3:	With 2 Tx antenna ports at 10% baseline RU, NC-JT provides some mean throughput gains over both single TRP and DPS.  At higher baseline RUs, NC-JT suffers performance losses due to increased interference.
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With 4Tx and 16Tx, the results in Figure 1 indicate that although NC-JT shows some cell-edge performance gain over single-TRP it suffers mean throughput losses in some cases.  Furthermore, DPS outperforms NC-JT under all cases considered.

Observation 4:	With 4 or 16 Tx antenna ports, Rel.15 DPS outperforms Rel.16 NC-JT for all offered load points considered.

Rank Statistics
We next provide some rank statistics for the three schemes for the 4 Tx antenna port case with 20% baseline RU for single TRP.  The rank statistics are shown in Figure 2.  From the figure it is noticed that single TRP has a slightly lower Rank 1 distribution (2%) compared to DPS (10%) and NC-JT (12%).  This is because with 20% baseline RU, DPS and NC-JT have an RU increase of 3% and 8%, respectively.  This leads to higher interference in the case of DPS and NC-JT, which in turn leads to UEs being scheduled more often with Rank 1 in the case of NC-JT and DPS as compared to single TRP.  Due to a similar reason, single TRP can achieve higher distributions for Ranks 2-4 when compared to DPS and NC-JT.  From these results, it is observed that the rank distribution is not only determined by the number of layers that can be possibility transmitted from multiple TRPs but also depends on interference in the system.

Observation 5:	In the case of NC-JT, rank distribution is not only determined by the number of layers that can be transmitted from multiple TRPs, but also depends on interference in the system.
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Figure 2.  Rank statistics for NC-JT, DPS, and single TRP for 4Tx port case with 20% baseline RU


Conclusion
In this contribution, we present some detailed results comparing NC-JT to single TRP transmission and dynamic point selection (DPS).  Based on these results, we make the following observations:

Observation 1:	The increase in the resource utilization for NC-JT compared to single TRP depends on the number of Tx antenna ports per TRP.
Observation 2:	At 40% RU for single TRP, NC-JT incurs an RU increase of 19% in the 2 Tx antenna port case while the corresponding RU increase is 10% in the 16 Tx antenna port case.  The lower RU increase in the 16 Tx antenna port case can be attributed to the lower probability of NC-JT transmission when compared to the 2 Tx antenna port case.
Observation 3:	With 2 Tx antenna ports at 10% baseline RU, NC-JT provides some mean throughput gains over both single TRP and DPS.  At higher baseline RUs, NC-JT suffers performance losses due to increased interference.
Observation 4:	With 4 or 16 Tx antenna ports, Rel.15 DPS outperforms Rel.16 NC-JT for all offered load points considered.
Observation 5:	In the case of NC-JT, rank distribution is not only determined by the number of layers that can be transmitted from multiple TRPs, but also depends on interference in the system.


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
(M,N,P,Mg,Ng,Mp,Np) = (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	Coordination assumptions
	3 TRPs from the same site (intra-site clustering) assumed for DPS and NC-JT

	Traffic model 
	ftp model 1, 500kB packet size

	Cell layout
	19 sites with 57 homogeneous cells
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