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1 Introduction
In RAN1 #94bis, the evaluation assumptions for eMBB multi-TRP/panel enhancement were agreed [1].
Agreement:

For multi-TRP/panel performance evaluation:

· For eMBB in FR1, 10MHz BW and 15 kHz SCS are baseline.

· For eMBB in FR1, 20MHz BW and 30 kHz SCS are optional.

· For eMBB in FR2, 80MHz BW and 120 kHz SCS are baseline.

Agreement:
For eMBB multi-TRP/panel performance evaluation, FTP traffic model 1 with packet size 0.5Mbytes as a baseline, and other traffic model is not precluded. RU=20/40/60% are baseline, and optional low RU (e.g. 5/10) can be considered.

Agreement:
For eMBB multi-TRP/panel performance evaluation, MMSE IRC is the baseline, and advanced receiver is not precluded. Practical channel estimation and feedback model are used.   

Agreement:
For eMBB multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms, 50ms(optional) 

· For URLLC multi-TRP performance evaluation, ideal and non-ideal backhaul are considered, the following delay values are assumed:

· Ideal backhaul: 0ms

· Non-ideal backhaul: 2ms, 5ms(FFS, optional)

· Companies to provide the delay values used in their evaluations

Agreement: 

Baseline scheme to evaluate eMBB multi-TRP enhancements is DPS or single TRP

· Each company to provide the details on backhaul delay, CSI reporting, transmission scheme, scheduling, etc.
Agreement: 
Table 1 SLS assumption for eMBB multi-TRP/panel enhancement
	Parameters
	Dense urban (Macro Only)
	Indoor hotspot

	Carrier frequency
	2GHz/4GHz is baseline (each company to choose 1 or more)

30GHz is optional
	4GHz is baseline,

30GHz is optional

	Channel model
	TR38.901

	TP antenna configuration
	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 for FR1

2 ports (8,8,2,1,1) and 8 ports (4,8,2,2,2) for 30GHz

Other antenna configurations is not precluded (such as 32 ports)
	2 ports: (M, N, P, Mg, Ng) = (1,1,2,1,1)
for 4GHz

2 ports: (4,4,2,1,1) for 30GHz

Other antenna configurations is not precluded.

	UE antenna configuration
	4Rx Port: (Baseline)

(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for FR1

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180
	4Rx Port: (Baseline)

(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for 4GHz

For 30 GHz: (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5)λ. (dg,V, dg,H) = (0, 0)λ. * Θmg,ng=90°; Ω0,1=Ω0,0+180

	Coordination assumptions
	Each company to provide details on cluster size, coordination scheme, etc. 


In this contribution, based on the above agreements, we provide the system level simulation results for eMBB multi-TRP transmission.
2 Simulation results for eMBB multi-TRP transmission
In RAN1 #94bis, the evaluation assumptions for eMBB multi-TRP/panel enhancement were agreed [1]. Based on the evaluation assumptions, Figure 1 presents the performance gain of NCJT multi-TRP scheme over the baseline with single TRP transmission. For multi-TRP NCJT transmission, the scheduling decision is independently determined within each TRP so that it is not limited by any latency of backhaul condition. The MMSE-IRC receiver is used in SLS for both single-TRP with SU/MU-MIMO and multi-TRP NCJT scheme. The performance results in terms of 5% UPT, 50% UPT and mean UPT at 10%, 20% and 40% resource utilization (RU) are presented in Figure 1. 
To elaborate further, up to two TRPs are considered in NCJT during whole simulation duration for following simulation results. When scheduling data, it is assumed to be an independent scheduler at each TRP. For identifying coordination TRPs, a coordination TRP is selected by comparing its RSRP to the serving TRP which contributes to the strongest RSRP next to the serving TRP. Moreover a RSRP threshold, e.g. 3 or 5dB, is also set so that the RSRP gap between coordination and serving TRPs shall be smaller than such threshold. Otherwise, only the serving/single TRP is used for DL transmission. 
With four receive antennas at UE side, it is restricted that up to 2 layers can be transmitted by one TRP for a given NCJT UE. For the baseline, up to 4 layers for a UE are assumed. The transmission rank per TRP is determined by the criteria of maximal spectrum efficiency among all ranks by assuming IRC receiver. Channel reciprocity in TDD is assumed for precoder determination for PDSCH transmission. Inter TRP interference is also taken into account by the UE to compute CQI with real channel estimation.
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  Figure 1 (a): Performance gain of NC-JT scheme over non-CoMP for 4GHz
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Figure 1 (b): Performance gain of NC-JT scheme over non-CoMP for 2GHz
In Figure 1, NCJT scheme has better performance than non-CoMP for all types of UPT, especially for the 5% UPT which has over 60% gain at 20% RU, about 80% gain at 40% RU for SU-MIMO and about 46% gain at 20% RU, over 51% gain at 40% RU for MU-MIMO. NCJT scheme has better performance than non-CoMP for all types of UPT, especially for the 5% UPT which has over 60% gain. It can be seen that NCJT has a significant gain over single TRP transmission, especially for cell edge UEs which benefit from multi-layers transmission from multiple TRPs, and smooth transition/switch among TRPs. 
Observation: NCJT scheme with multiple PDCCH/DCI can provide a significant performance gain over non-CoMP transmission

· For 4GHz and 16T4R, about 27%~36% cell average gain and about 61%~73% cell edge gain

· For 4GHz and 4T4R, about 35%~39% cell average gain and about 76%~84% cell edge gain

· For 2GHz and 16T4R, about 27%~36% cell average gain and about 59%~66% cell edge gain

· For 2GHz and 4T4R, about 35%~39% cell average gain and about 74%~96% cell edge gain
Based on simulation results, NCJT schemes can be considered as an effective scheme to improve the performance for UEs at various locations in the cell with low/medium RUs, for following reasons in our understanding:  
1. The signals from two TRPs contributes to power gain. Though there is a RSRP gap between two TRPs, compared to splitting power for each layer from single TRP, power gain can be obtained with more transmit power from two TRPs.
2. NCJT can transmit more data layers for a given UE. For example, with two antenna arrays at two TRPs, the receiving signal at the UE can experience more independent channels than single TRP, therefore the possibility of high-order transmission is increased if PRB allocation from two TRPs are partially or fully overlapped. Figure 2 provides the statistics of transmission layers for both NCJT and single TRP transmission with 16T4R and 4GHz in our simulation. It can be observed that NCJT scheme can enable 3 or 4 layer transmission more often than the case of single TRP, e.g. 55% for 3 layers & 4 layers in NCJT scheme and only 14% for 3 layers and 4 layers in single TRP transmission.
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Figure 2 Distribution of total layers for UEs in the simulation
3. NCJT can provide benefits to both bandwidth limited UE and interference limited UE. The strongest inter-cell interferer can be used to deliver useful data rather than be treated as an enemy. Therefore NCJT can be beneficial for different RUs. When RU is low, limited number of UEs/packages would arrive, roughly one after another without or with limited overlapping in time. Interference among TRPs is not severe. NCJT UEs are mostly resource limited. With NCJT scheme, the UE can utilize more resources from two TRPs with higher layer transmission, which could shorten transmission duration of a data package and therefore improve user perceived throughput. On the other hand, when RU is medium, a portion of UEs/packages are still interference limited or close to be. Similar to above analysis, those UEs/packages can be transmitted faster by NCJT and then the time interval of interference caused by data transmission is reduced in the network. Thus overall interference in the network can be mitigated. 
Based on the simulation results, we have the following proposal on multi-TRP transmission.

Proposal: Multi-DCI based multi-TRP/panel transmission should be supported in Rel-16.  
3 Conclusion
In this contribution, the simulation results for eMBB multi-TRP transmission are provided. In summary, the following observation and proposal are made. 
Observation: NCJT scheme with multiple PDCCH/DCI can provide a significant performance gain over non-CoMP transmission

· For 4GHz and 16T4R, about 27%~36% cell average gain and about 61%~73% cell edge gain

· For 4GHz and 4T4R, about 35%~39% cell average gain and about 76%~84% cell edge gain

· For 2GHz and 16T4R, about 27%~36% cell average gain and about 59%~66% cell edge gain

· For 2GHz and 4T4R, about 35%~39% cell average gain and about 74%~96% cell edge gain
Proposal: Multi-DCI based multi-TRP/panel transmission should be supported in Rel-16.  
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Appendix – Simulation parameters
Table-I System-level simulation parameters for PDSCH resource allocation

	Parameters
	Values

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 

	Duplex mode 
	TDD

	Inter-BS distance 
	200m

	Carrier frequency 
	2/4GHz

	Simulation bandwidth
	10MHz

	Channel model
	SCM-3D-Uma

	BS Tx power 
	41dBm

	BS antenna configuration
	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 

	BS antenna height 
	25m

	UE antenna configurations 
	4Rx Port:
(M,N,P,Mg,Ng,Mp,Np) = =(1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ 

	UE receiver noise figure
	9 dB

	Traffic model
	Non-full-buffer

	UE distribution
	80% Indoor, 3km/h;20% Outdoor, 30km/h

	Traffic load 
	10%; 20%; 40%

	Scheduler
	PF

	HARQ scheme
	CC with up to 3 retransmissions

	UE receiver type
	MMSE-IRC

	Channel estimation
	Realistic

	MIMO mode
	MU-MIMO with rank adaptation
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