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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introductions
In RAN1 #94bis [1], the following agreements were achieved on performance evaluation for eMBB.
Agreement
For multi-TRP/panel performance evaluation:
· For eMBB in FR1, 10MHz BW and 15kHz SCS are baseline.
· For eMBB in FR1, 20MHz BW and 30kHz SCS are optional.
· For eMBB in FR2, 80MHz BW and 120kHz 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) 
· Companies to provide the delay values used in their evaluations
Agreement:  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 



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.

In RAN1 #96 meeting [2], following agreements were achieved with some restrictions for FFS.
Agreement
For a UE supporting multiple-PDCCH based multi-TRP/panel transmission and each PDCCH schedules one PDSCH, at least for eMBB with non-ideal backhaul, support following restrictions: 
· The UE may be scheduled with fully/partially/non-overlapped PDSCHs at time and frequency domain by multiple PDCCHs with following restrictions:
· The UE is not expected to assume different DMRS configuration with respect to actual number of front loaded DMRS symbol(s), the actual number of additional DMRS, the actual DMRS symbol location and DMRS configuration type if the UE may be scheduled with full/partially overlapping PDSCHs by multiple PDCCHs. 
· The UE is not expected to have more than one TCI index with DMRS ports within the same CDM group for fully/partially overlapped PDSCHs 
· Full scheduling information for receiving a PDSCH is indicated and carried only by the corresponding PDCCH.  
· The UE is expected to be scheduled with the same active BWP bandwidth and the same SCS if the UE is expected to receive multiple PDSCHs simultaneously at given symbols.
· The number of active BWPs for a UE is 1 per CC 
· FFS: PDSCH mapping type from two co-scheduled PDSCHs
· FFS: Alignment of PRG-level grid from multiple TRPs
· FFS: How to ensure the same active BWP between multiple TRPs
· Note that rate matching mechanisms (if need) to support multi-DCI based NCJT will be discussed separately.

In this paper we provide system-level simulation (SLS) results to compare DPS and DPS+NCJT in non-ideal backhaul cases.
2. SLS evaluation
2.1 Simulation methodology
We perform performance evaluation for eMBB in FR1 with 10MHz BW and 15kHz SCS, 4GHz carrier frequency. Multi-TRP transmission with non-ideal backhaul is evaluated such that independent scheduling is assumed in each TRP per cluster. DPS is the baseline. SU-MIMO is applied for both DPS and DPS+NC-JT cases.
For Indoor Hotspot scenario of multi-TRP transmission, four neighboring TRPs forming a cluster. A UE with its associated TRP in the cluster measures the RSRP of all TRPs in the cluster and selects at most one candidate coordinating TRP, with the RSRP gap lower than a predefined threshold compared to the serving TRP.
· DPS
The UE satisfying the threshold compares the estimated throughput among the two possible DPS transmissions by its associated TRP and coordinating TRP. And then, UE reports the CSI with maximal estimated throughput to its recommended transmitting TRP. Rank 1 or 2 is reported for either TRP.
The scheduler per TRP in the cluster schedules one UE according to proportional fair algorithm without semi-statically configured resource allocation. With one optimal DPS CSI feedback, non-overlapping in time domain is achieved.
· DPS+NC-JT
The UE satisfying the threshold compares the estimated throughput among the two possible DPS transmissions, and one NC-JT from the two TRPs. And then, UE reports the CSI with maximal estimated throughput to its recommended transmitting TRP, i.e., one TRP for DPS transmission or both TRPs for NC-JT. If UE reports a NC-JT CSI, rank 1 or 2 is chosen per TRP to maximize the NC-JT estimated overall throughput.
The scheduler per TRP in the cluster schedules one UE according to proportional fair algorithm without semi-statically configured resource allocation. According to the non-ideal backhaul assumption, the scheduler of a TRP is not aware of the scheduling results of another TRP at the same time. With this dynamic independent scheduling, partially-overlapped PDSCHs can be achieved. One codeword per TRP is transmitted if the UE is scheduled as NC-JT.
For a UE receiving data from two TRPs in NC-JT manner, its equivalent channel is given by

where ,  are channels from the two TRPs, and ,  are the precoders of the two TRPs. Then the post-SINR per layer can be calculated assuming MIMO detection of the equivalent channel .

Other simulation assumptions can be found in the Appendix.
2.2 Performance evaluation results and discussion
We provide UPT comparison for FTP model 1 with target RU for DPS+NC-JT set to 20% in Table 1 for Indoor Hotspot. We set the same packet arrival rate (λ) for DPS as that of DPS+NC-JT when RU is about 20%. The performance comparison are shown in Table 1. With the same packet arrival rate, RU of DPS is reduced to 13.3%. Almost same cell average throughput can be achieved by both schemes, considerable UPT gain can be observed at 50% UPT. 
Table 1: DPS+NC-JT vs. DPS for Indoor Hotspot with non-ideal backhaul (same λ)
	
	Cell average throughput
	Mean UPT
	5% UPT
	50% UPT
	95% UPT
	RU

	DPS
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	13.3%

	DPS+NC-JT
	-0.7%
	2.0%
	-4.3%
	16.4%
	0.0%
	19.1%



Observation: With the same packet arrival rate for DPS as that of DPS+NC-JT when RU is about 20%, RU of DPS is reduced to 13.3%. Almost same cell average throughput can be achieved by both schemes, about 16.4% gain can be observed at 50% UPT.
3. Conclusion
In this contribution, we have the following observations according to our evaluation results for multi-TRP transmission with non-ideal backhaul. We have following observations.
Observation: With the same packet arrival rate for DPS as that of DPS+NC-JT when RU is about 20%, RU of DPS is reduced to 13.3%. Almost same cell average throughput can be achieved by both schemes, about 16.4% gain can be observed at 50% UPT.
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Appendix
Table 1: SLS assumption for eMBB multi-TRP enhancement
	Parameters
	Value

	Duplex, Waveform
	FDD, OFDM 

	Multiple access
	OFDMA 

	[bookmark: _GoBack]Scenario
	Indoor hotspot (InH)

	Frequency Range
	FR1 only, 4GHz

	Inter-BS distance
	20m for InH

	Channel model
	According to the TR 38.901

	Antenna setup and port layouts at TRP
	2 Tx ports: (M, N, P, Mg, Ng) = (1,1,2,1,1) for InH

	Antenna setup and port layouts at UE
	4Rx Port: (M, N, P, Mg, Ng, Mp,Np) = (1,2,2,1,1,1,2)
(dH,dV) = (0.5, 0.5)λ

	BS Tx power 
	23dBm for InH

	BS antenna height 
	3m for InH

	UE antenna height & gain
	Follow TR36.873

	UE receiver noise figure
	9dB

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	Configuration for multi-TRP
	Cluster
	4 neighboring TRPs for InH

	
	Maximal number of coordinating TRPs
	2

	
	Backhaul assumption
	Ideal

	Transmission scheme
	Baseline: SU-MIMO, rank 1 or rank 2 per TRP
DPS: rank 1 or rank 2 per TRP
Multi-TRP: dynamic switching between DPS and NCJT, rank 1 or rank 2 per TRP

	CSI feedback 
	Feedback assumption
· CSI feedback periodicity:  5 ms
· Scheduling delay (from CSI feedback to time to apply in scheduling):  4 ms
· Subband PMI, subband CQI
· Type I codebook
· For DPS: DPS CSI of recommended TRP; for DPS+NC-JT: CSI of recommended transmission scheme: DPS or NCJT

	Traffic model
	FTP model 1

	UE receiver
	MMSE-IRC

	Channel estimation
	Ideal



