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	Introduction
As part of the NR Rel-16 WI on MIMO enhancements [1], it was observed in two contributions [3] and [3] to RAN1#94bis that non-coherent joint transmission (NC-JT) may provide gains over the Rel-15 baseline schemes single-TRP transmission and dynamic point selection (DPS), specifically in the case of 2 TX and 4 RX antenna ports at carrier frequency 4 GHz. In this contribution, it is investigated by presenting preliminary simulation results, whether these NC-JT gains remain when shifting to 30 GHz carrier frequency and analog TX/RX beamforming. This is a revision of R1-1813269 that has been appended with results for the Dense Urban scenario.
Performance evaluation of NC-JT using analog beamforming at 30 GHz
Simulation assumptions 
The present contribution considers downlink transmission at 30 GHz carrier frequency in the Indoor Hotspot and Dense Urban scenarios.
The Indoor Hotspot scenario has 12 ceiling-mounted TRPs facing down. The TRPs are 4x4 X-pol antenna arrays with 16 analog beams available for transmission using 2 TX antenna ports per beam. The TRPs are partitioned into static coordination clusters with either 2 or 4 TRPs in each. 
The Dense Urban scenario has a hexagonal layout, and the three TRPs in each site comprise a coordination cluster. The TRPs are 8x8 X-pol antenna arrays with 32 analog beams available for transmission (only beams directed downwards are included) using 2 TX antenna ports per beam. 
In both scenarios, the UEs are equipped with two panels facing in opposite directions, and each panel is a 2x4 X-pol antenna array with 8 associated analog beams and 2 RX antenna ports, resulting in 4 RX ports in total. To avoid coverage problems in the Dense Urban scenario, all UEs are outdoor (moving at 3 km/h, and there is no car penetration loss).
We made a somewhat realistic assumption of ideal backhaul within each cluster. This enables coordinated scheduling in general and NC-JT in particular. Irrespective of cluster size, NC-JT scheduling is herein restricted so that at most 2 TRPs are used to serve a particular UE.
In these evaluations, the selected TRP beams are the same for DPS and NC-JT, while the UE RX beams depend on the subset of TRPs that are transmitting for multi-TRP operation. Further detailed simulation assumptions are provided in the Appendix.

Baseline: Single-TRP and DPS
Establishing a relevant baseline transmission scheme is necessary to properly assess the benefits of multi-TRP transmission using NC-JT. While a natural candidate is plain single-TRP transmission without any TRP coordination, it is perhaps more relevant to consider DPS as a baseline scheme for the ideal backhaul case as it is also supported in NR Rel-15 within the TCI indication framework. Since DPS also exploits benefits of coordinated scheduling, it is possible to isolate the additional gain of multi-TRP transmission of NC-JT by comparing the two schemes. 
To compare the two different baseline candidates we present user perceived throughput (UPT) gains of DPS over single-TRP transmission for the Indoor Hotspot scenario with 2-TRP and 4-TRP coordination clusters in Table 1 and Table 2, respectively, and for the Dense Urban scenario with 3-TRP (per-site) coordination clusters in Table 3. The traffic loads correspond to 10%, 20%, and 40% single-TRP resource utilization (RU). The impact of coordinated scheduling on performance is substantial, and the UPT gains increase with the traffic load. We make the following observation:
[bookmark: _Toc534965373]In the Indoor Hotspot and Dense Urban scenarios at 30 GHz and with ideal backhaul, the potential gains of coordinated scheduling are substantial, and DPS is hence the natural choice of baseline transmission scheme for evaluating NC-JT.

[bookmark: _Ref528877078]Table 1: User throughput gains of DPS over single-TRP:
Indoor Hotspot with 2-TRP coordination clusters
	
	10% RU
	20% RU
	40% RU

	Mean UPT gain [%]
	5
	10
	20

	5% UPT gain [%]
	30
	39
	77

	50% UPT gain [%]
	0
	3
	32

	95% UPT gain [%]
	0
	0
	0



[bookmark: _Ref528877119]Table 2: User throughput gains of DPS over single-TRP:
Indoor Hotspot with 4-TRP coordination clusters
	
	10% RU
	20% RU
	40% RU

	Mean UPT gain [%]
	7
	14
	33

	5% UPT gain [%]
	53
	76
	139

	50% UPT gain [%]
	0
	4
	51

	95% UPT gain [%]
	0
	0
	0
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Table 3: User throughput gains of DPS over single-TRP:
Dense Urban with 3-TRP coordination clusters
	
	10% RU
	20% RU
	40% RU

	Mean UPT gain [%]
	5
	9
	18

	5% UPT gain [%]
	25
	47
	74

	50% UPT gain [%]
	0
	2
	31

	95% UPT gain [%]
	0
	0
	0




Performance gain of Rel-16 NC-JT over baseline DPS
A performance comparison between NC-JT and DPS is provided in Table 4 for the Indoor Hotspot scenario with 2-TRP coordination clusters. The selected traffic load points correspond to 10%, 20%, and 40% RU for DPS. While the two schemes perform similarly for cell-edge and median-UPT UEs, there is a fair mean-UPT gain of NC-JT, and a substantial gain in terms of the UPT 95%-ile. The latter is because DPS is limited to rank-2 transmission due to only 2 TX antenna ports of a single TRP, while NC-JT is capable of delivering up to rank-4 in total to a UE by transmission from two TRPs. The NC-JT gains are observed to diminish with increasing traffic load: Higher resource utilization leads to more interference that typically lowers the desired transmission rank, and hence also lowers the potential benefit of NC-JT. 
Allowing cooperation clusters of 4 TRPs for the Indoor Hotspot scenario in Table 5 leads to similar observations, but the gains of NC-JT over DPS are in general larger than for 2-TRP clusters. NC-JT gains are also observable in the median UPT for 4-TRP clusters.
Results for the Dense Urban scenario are displayed in Table 6. The performance gains follow the same trends – but are not as pronounced – as in the Indoor Hotspot scenario with 2-TRP coordination clusters. 
[bookmark: _Toc534965374]In the Indoor Hotspot scenario at 30 GHz and with ideal backhaul, there are potential gains of NC-JT over DPS in terms of mean and 95%-ile UPT. These gains increase with cooperation-cluster size but decrease with traffic load.
[bookmark: _Toc534965375]In the Dense Urban scenario at 30 GHz and with ideal backhaul, there are potential gains of NC-JT over DPS in terms of mean and 95%-ile UPT. These gains are, however, not as pronounced as in the Indoor Hotspot scenario.

[bookmark: _Ref528878619]Table 4: User throughput gains of NC-JT over DPS:
Indoor Hotspot with 2-TRP coordination clusters
	
	10% RU
	20% RU
	40% RU

	Mean UPT gain [%]
	21
	15
	8

	5% UPT gain [%]
	3
	0
	-3

	50% UPT gain [%]
	1
	1
	1

	95% UPT gain [%]
	81
	77
	46



[bookmark: _Ref528879713]Table 5: User throughput gains of NC-JT over DPS:
Indoor Hotspot with 4-TRP coordination clusters
	
	10% RU
	20% RU
	40% RU

	Mean UPT gain [%]
	38
	30
	16

	5% UPT gain [%]
	5
	0
	-4

	50% UPT gain [%]
	32
	17
	5

	95% UPT gain [%]
	83
	81
	62



[bookmark: _Ref534626615]Table 6: User throughput gains of NC-JT over DPS:
Dense Urban with 3-TRP coordination clusters
	
	10% RU
	20% RU
	40% RU

	Mean UPT gain [%]
	12
	9
	4

	5% UPT gain [%]
	2
	0
	-3

	50% UPT gain [%]
	0
	0
	1

	95% UPT gain [%]
	70
	52
	25


Conclusion
In the previous sections we made the following observations: 
Observation 1	In the Indoor Hotspot and Dense Urban scenarios at 30 GHz and with ideal backhaul, the potential gains of coordinated scheduling are substantial, and DPS is hence the natural choice of baseline transmission scheme for evaluating NC-JT.
Observation 2	In the Indoor Hotspot scenario at 30 GHz and with ideal backhaul, there are potential gains of NC-JT over DPS in terms of mean and 95%-ile UPT. These gains increase with cooperation-cluster size but decrease with traffic load.
Observation 3	In the Dense Urban scenario at 30 GHz and with ideal backhaul, there are potential gains of NC-JT over DPS in terms of mean and 95%-ile UPT. These gains are, however, not as pronounced as in the Indoor Hotspot scenario.
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Appendix: Simulation assumptions
	Parameter
	

	Carrier frequency
	30 GHz

	Simulation bandwidth
	80 MHz

	Subcarrier spacing
	120 kHz

	Cell layout
	Indoor Hotspot: 12 TRP per 120m x 50m
Dense Urban: Hexagonal

	BS ISD
	Indoor Hotspot: 20m
Dense Urban: 200m

	UE distribution
	According to TR 38.802 [3]
Dense Urban: Only outdoor UEs

	Channel model 
	According to TR 38.802 [3]

	BS Tx power
	Indoor Hotspot: 23dBm
Dense Urban: 40dBm

	BS antenna configuration
	Indoor Hotspot:
(M, N, P, Mg, Ng) = (4,4,2,1,1), 2 antenna ports and 16 analog beams
Dense Urban:
(M, N, P, Mg, Ng) = (8,8,2,1,1), 2 antenna ports and 32 analog beams

	BS antenna height
	Indoor Hotspot: 3m
Dense Urban: 25m

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

	UE antenna configuration
	(M, N, P, Mg, Ng) = (2,4,2,1,2)
4 antenna ports and 8 analog beams per panel

	UE antenna height
	According to TR36.873

	UE antenna gain
	According to TR36.873

	UE receiver
	MMSE-IRC

	UE receiver noise figure
	10 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 of relevant beam-pair links

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

	Coordination cluster size
	Indoor Hotspot: 2 or 4 TRPs per cluster
Dense Urban: 3 TRPs within one site
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