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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 2Tx 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].  The scenario with potential large benefit of multi TRP transmission is the “large indoor” deployment such as train station, airport, stadium, shopping mall, etc.   In the indoor scenarios, there are usually many TRPs, each rather simple with at most two layer transmission and omni direction antennas. This means that a 4 RX UE is rank limited when receiving from a single TRP and large user throughput gain is anticipated if more than one TRP is involved in the transmission.  Zero latency backhaul is obtained with relative ease in this scenario. The indoor scenario also offers isolation from the outdoor so the CoMP cluster can be more well defined.
In this contribution, we present system-level simulation results to study the impact of different clustering sizes on the performance on NC-JT.
Static clustering vs dynamic clustering
[bookmark: _Hlk525119309]In this section, we compare two different clustering approaches shown in Figure 1 with the cluster size fixed at 2 as described below:
Static clustering:  In the static clustering approach shown in Figure 1a, 2-TRP clusters are pre-formed, and the clustering remains static independent of which UEs are served by the cluster.  For instance, as shown in Figure 1a, UEs 1 and 3 are associated with cluster 1 constituting TRPs 1-2 and UE 2 is associated with cluster 2 constituting TRPs 3-4.  Within the cluster, a UE may be served with either NC-JT or DPS depending on the scheduler decision.  Since the clusters are pre-formed and static, it is assumed that a single scheduler can control the scheduling decisions in the cluster without considering backhaul delay. 
Dynamic clustering:  In the dynamic clustering approach shown in Figure 1b, 2-TRP clusters are formed on a UE specific basis.  In the example shown in Figure 1b, UE 1 is associated with cluster 1 constituting TRPs 1-2, while UE 2 is associated with cluster 2 constituting TRPs 1 and 3.  In the dynamic clustering simulated in the paper, the cluster associated with each UE is formed using the two strongest TRPs as seen by the UE.  Since the formation of the clusters is UE specific, a large number of cluster formations are possible.  Hence, a single scheduler for each cluster essentially requires a ‘supercluster’ scheduler which can control all the TRPs in the network.  This may be practically infeasible and complex in most scenarios.  Hence, we assume independent scheduler for each TRP, which is suitable in the case of non-ideal backhaul.
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Figure 1 An illustration of static and dynamic clustering approaches

To compare the performance of the two types of clustering approaches, we performed system level evaluations using the indoor-hotspot scenario at 4 GHz.  A 2 Tx antenna port configuration with (M, N, P, Mg, Ng) = (1,1,2,1,1) is assumed at each gNB.  At the UE side, 4 Rx antennas are assumed.  The remaining system level simulation assumptions are summarized in the Appendix.  The system level evaluation results are summarized in Table 1.
From these results, it is noted that in the indoor office scenario with 2 Tx antenna ports, NC-JT with static clustering outperforms NC-JT with dynamic clustering.  This is because the NC-JT static clustering can benefit from coordinated scheduling due to the presence of a single scheduler in the cluster.  In contrast, NC-JT with dynamic clustering cannot perform coordinated scheduling due to the lack of a supercluster scheduler.  It is furthermore noted that static clustering can provide notable mean throughput performance gains at lower offered load values (corresponding to 10-20% baseline RU).  However, this gain vanishes at higher offered load (corresponding to 40% RU).  Hence, we make the following observations:

[bookmark: _Toc525852577]In the indoor office scenario with 2 Tx per TRP and 4 Rx in the UE, NC-JT with static clustering provides notable mean throughput performance gains over single TRP at low offered load.

In the indoor office scenario with 2 Tx per TRP and 4 Rx in the UE, NC-JT with static clustering outperforms NC-JT with dynamic clustering.


[bookmark: _Ref525846564]Table 1:  Performance comparison between Dynamic clustering and static clustering. 
	 
	Single TRP
	Dynamic Clustering
	Static Clustering

	RU [%]
	10
	
	

	5% user throughput gain [%]
	0
	-14
	4

	50% user throughput gain [%]
	0
	24
	30

	95% user throughput gain [%]
	0
	84
	83

	Mean throughput gain [%]
	0
	36
	43

	RU [%]
	20
	
	

	5% user throughput gain [%]
	0
	-27
	-7

	50% user throughput gain [%]
	0
	-16
	6

	95% user throughput gain [%]
	0
	79
	79

	Mean throughput gain [%]
	0
	6
	24

	RU [%]
	40
	
	

	5% user throughput gain [%]
	0
	-32
	-13

	50% user throughput gain [%]
	0
	-27
	-6

	95% user throughput gain [%]
	0
	6
	29

	Mean throughput gain [%]
	0
	-19
	3



Effect of different cluster sizes
In this section, we provide simulation results for two different cluster sizes.  In one case, the cluster consists of 2 TRPs, and in the second case, the cluster consists of 4 TRPs.  In the 4-TRP clusters, simultaneous NC-JT transmission from at most 2 TRPs to a single UE is allowed.  The static clustering approach as described in Section 2 is assumed throughout this section.  The results for the indoor-hotspot scenario at 4 GHz are given in Table 2.  From these results, it is noted that 4-TRP clusters outperforms 2-TRP clusters by around 10% and 12% in terms of mean throughput gain at baseline RUs of 20% and 40%, respectively.  Hence, we make the additional observation:

In the indoor office scenario with 2 Tx per TRP and 4 Rx in the UE, NC-JT with static 4-TRP clusters outperforms NC-JT with static 2-TRP clusters.


Table 2:  Performance comparison between different cluster sizes for static clustering.
	 
	Single TRP
	2-TRP Clusters
	4-TRP Clusters

	RU [%]
	10
	 
	 

	5% user throughput gain [%]
	0
	4
	15

	50% user throughput gain [%]
	0
	30
	41

	Mean throughput gain [%]
	0
	43
	50

	95% user throughput gain [%]
	0
	83
	84

	RU [%]
	20
	 
	 

	5% user throughput gain [%]
	0
	-7
	10

	50% user throughput gain [%]
	0
	6
	16

	Mean throughput gain [%]
	0
	24
	34

	95% user throughput gain [%]
	0
	79
	81

	RU [%]
	40
	 
	 

	5% user throughput gain [%]
	0
	-13
	-8

	50% user throughput gain [%]
	0
	-6
	5

	Mean throughput gain [%]
	0
	3
	15

	95% user throughput gain [%]
	0
	29
	43




Conclusion
In this contribution, we present system-level simulation results to study the impact of different clustering approaches on the performance on NC-JT with particular focus on the indoor office scenario.  Based on the results presented in the contribution, we make the following observations:

Observation 1	In the indoor office scenario with 2 Tx per TRP and 4 Rx in the UE, NC-JT with static clustering provides notable mean throughput performance gains over single TRP at low offered load.

Observation 2	In the indoor office scenario with 2 Tx per TRP and 4 Rx in the UE, NC-JT with static clustering outperforms NC-JT with dynamic clustering.

Observation 3	In the indoor office scenario with 2 Tx per TRP and 4 Rx in the UE, NC-JT with static 4-TRP clusters outperforms NC-JT with static 2-TRP clusters.
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Appendix:  System level evaluation assumptions
	Parameter
	Indoor-hotspot

	Carrier frequency
	4 GHz

	Simulation bandwidth
	10 MHz

	Subcarrier spacing
	15 kHz

	Cell layout
	12 TRP per 120m x 50m

	BS ISD
	20m

	UE distribution
	According to TR 38.802 [3]

	Channel model 
	According to TR 38.802 [3]

	BS Tx power
	21dBm

	BS antenna configuration
	(M, N, P, Mg, Ng) = (1,1,2,1,1)

	BS antenna height
	3m

	BS antenna element gain including connector loss
	According to TR36.873

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1,2,2,1,1); Isotropic ++

	UE antenna height
	According to TR36.873

	UE antenna gain
	According to TR36.873

	UE receiver
	MMSE-IRC

	UE receiver noise figure
	9 dB

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes
Results reported for 10%, 20%, and 40% RU for baseline scheme 

	OLLA
	On

	Channel Estimation and
Feedback assumptions
	Ideal channel estimation
Explicit CSI

	Rank hypothesis
	1 or 2 rank transmission per TRP (rank adaptation enabled)


	Coordination cluster size
	2 TRPs per cluster for results in Section 2
2 or 4 TRPs per cluster for results in Section 3
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