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Introduction
In RAN1-NR#1, the following agreement about transmission scheme 2 was made. 
Agreements:
· For Transmission scheme 2, down selection(s) on DMRS based transmission schemes will be done in RAN1#88 at least for rank 1
· For rank 1,
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Small-delay CDD with transparent DMRS
· DMRS based SFBC
· For rank>1, 
· Precoder cycling with transparent DMRS
· Precoder cycling with non-transparent DMRS
· Layer shifting
· Precoder cycling with transparent DMRS and layer shifting
· Small-delay CDD with transparent DMRS
· Large-delay CDD with non-transparent DMRS
According to the agreement (highlighted text), candidates for (rank 1) transmission scheme 2 (TS2) include DMRS based precoder cycling and SFBC. An example of precoder cycling scheme is beam/precoder cycling based on i1 feedback (which indicates a group of beams/precoders), which is supported in Rel. 14 LTE eFD-MIMO. The companion contributions [2-4] proposes that precoder cycling based TS2 should be supported for both DL and UL DMRS-based spatial multiplexing. This contribution provides simulation results to compare performance of DMRS-based precoder cycling and SFBC for rank 1 transmission in high and low UE mobility scenarios. 
Schemes for Evaluation 
1 
2 
In this evaluation, we assume that a UE reports the first PMI (i1,1,i1,2) using LTE Rel. 13/14 Class A codebook that indicates L = 4 beams (assuming Codebook-Config = 2, 3, 4), and gNB uses the reported four beams for the following two rank 1 transmission schemes.
Space Frequency Block Coding (SFBC)
For SFBC, four beam pairs are formed (b0, b1), (b1, b2), (b0, b3), and (b1, b3) using the four reported beams (b0, b1, b2, b0, b3). The four beam pairs are cycled across two consecutive REs, and in a given pair of REs, SFBC precoding is considered using one of the four beam pairs. The scheme is shown in Figure 1.  


[bookmark: _Ref474063415]Figure 1: SFBC
Precoder Cycling
For precoder cycling, the reported 4 beams and 4 QPSK co-phase values are cycled in frequency domain by the gNB. Two different frequency granularities, namely RB level and RE level, for cycling are considered in this evaluation. The candidate pre-coder cycling schemes is summarized in Table 1. An illustration of rank 1 pre-coder cycling for 4 beams and 4 co-phase values is shown in Figure 2. For simplicity, pre-coder cycling across one OFDM symbol is shown in the figure.  
[bookmark: _Ref458666502]Table 1: Precoder cycling schemes
	Scheme
	Beam
	Co-phase

	Scheme 0
	Cycling (RB level)
	Cycling (RB level)

	Scheme 1
	Cycling (RB level)
	Cycling (RE level)

	Scheme 2
	Cycling (RE level)
	Cycling (RB level)

	Scheme 3
	Cycling (RE level)
	Cycling (RE level)





[bookmark: _Ref458666541]Figure 2: An illustration of rank 1 precoder (beam and co-phase) cycling
Simulation results
3 
To compare the performance of candidate precoder cycling schemes in Table 1, non-full-buffer system-level evaluation is carried out for UMa-500m channel model (36.814) in medium (50% target RU) traffic loading scenario. The SU-MIMO rank 1 transmission with SB scheduling (where SB is 4 PRBs) is considered in the simulation. The results are provided for 16 antenna ports with (N1,N2) = (2,4) and 32 antenna ports with (N1,N2) = (2,8), where we assume that the first dimension is horizontal and the second dimension is vertical. The relevant simulation parameters are enlisted in Table 2. As reference, transmission scheme 1 (TS1) based on Rel. 13/14 Class A codebook with Config 2, 3, and 4 is considered.
High UE speed
The first set of results are for high UE speed case in which UE speed is assumed to be 120 kmph. The performance gains for Config 2, 3, and 4, and 16 and 32 antenna ports are shown in Figure 3 – Figure 8. From these results, we can make the following observation.
Observation 1: At high UE speed, 
· Performance of SFBC is much worse than precoder cycling by up 10-15% in average UPT; 
· For 16 ports relative to TS1, SFBC shows up to 2% gain in avg. UPT and up to 23% gain in 5% UPT; whereas precoder cycling shows up to 19% gain in avg. UPT and up to 67% gain in 5% UPT
· For 32 ports relative to TS1, SFBC shows no gain; whereas precoder cycling shows up to 12% gain in avg. UPT and up to 37% gain in 5% UPT
· For precoder cycling, performance of Scheme 1 (RB level beam cycling, RE level co-phase cycling) and Scheme 3 (RE level beam and co-phase cycling) are very close. 
Based on these observations, we make the following proposal.
Proposal: Precoder cycling based transmission using WB beam group feedback is supported in NR. For precoder cycling, at least RB level beam cycling and RE level co-phase cycling is supported.

	


[bookmark: _Ref458669334]Figure 3: 16 ports, 120 kmph, Config 2 

Figure 4: 16 ports, 120 kmph, Config 3

[bookmark: _Ref458669339]Figure 5: 16 ports, 120 kmph, Config 4


Figure 6: 32 ports, 120 kmph, Config 2 

Figure 7: 32 ports, 120 kmph, Config 3

[bookmark: _Ref474061046]Figure 8: 32 ports, 120 kmph, Config 4


Low UE speed (3 kmph)
The second set of results are for low UE speed case in which UE speed is assumed to be 3 kmph. The performance gains for Config 2, 3, and 4, and 16 and 32 antenna ports are shown in Figure 9 – Figure 14. From these results, we can make the following observation.
Observation 2: At low UE speed, performance of both SFBC and precoder cycling are worse than TS1; but performance of SFBC is significantly worse than precoder cycling.
This is expected since SFBC (which offers raw transmit diversity gain) reduces the variance of SINR distribution across all the UEs within a cell. Therefore, when used together with an intelligent packet scheduler (such as PF scheduler) which favours UEs with higher (normalized) SINR, SFBC reduces the highest (normalized) SINR across all the UEs within the cell. This results in UTP degradation since the highest possible SINR values are lowered due to the raw transmit diversity gain from SFBC. This is not the case for precoder cycling since it does not offer raw transmit diversity gain. This trend can be observed in the user SINR distribution shown in Figure 15 – Figure 18, where pre-coder cycling scheme 1 (RB level beam cycling and RE level co-phase cycling) is considered.  


[bookmark: _Ref474078321]Figure 9: 16 ports, 3 kmph, Config 2 

Figure 10: 16 ports, 3 kmph, Config 3

Figure 11: 16 ports, 3 kmph, Config 4


Figure 12: 32 ports, 3 kmph, Config 2 

Figure 13: 32 ports, 3 kmph, Config 3

[bookmark: _Ref474078325]Figure 14: 32 ports, 3 kmph, Config 4
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[bookmark: _Ref474489355]Figure 15: SINR distribution
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Figure 16: SINR distribution
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Figure 17: SINR distribution
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[bookmark: _Ref474489357]Figure 18: SINR distribution

[bookmark: _Ref446598642]

Conclusions
In this contribution, simulation results are provided to compare two candidate schemes for (rank 1) TS2, SFBC and precoder cycling, based on WB beam group (i1) feedback, as proposed in [2-4]. The observations and proposals made are summarized as follows. 
Observation 1: At high UE speed, 
· Performance of SFBC is much worse than precoder cycling by up 10-15% in average UPT; 
· For 16 ports relative to TS1, SFBC shows up to 2% gain in avg. UPT and up to 23% gain in 5% UPT; whereas precoder cycling shows up to 19% gain in avg. UPT and up to 67% gain in 5% UPT
· For 32 ports relative to TS1, SFBC shows no gain; whereas precoder cycling shows up to 12% gain in avg. UPT and up to 37% gain in 5% UPT
· For precoder cycling, performance of Scheme 1 (RB level beam cycling, RE level co-phase cycling) and Scheme 3 (RE level beam and co-phase cycling) are very close. 
Proposal: Precoder cycling based transmission using WB beam group feedback is supported in NR. For precoder cycling, at least RB level beam cycling and RE level co-phase cycling is supported.
Observation 2: At low UE speed, performance of both SFBC and precoder cycling are worse than TS1; but performance of SFBC is significantly worse than precoder cycling.
References
[1] [bookmark: _Ref458614461][bookmark: _Ref471693512]3GPP, RAN1-NR#1, Chairman’s Notes
[2] R1-1702917, “Discussions on transmission scheme 2 for NR,” Samsung
[3] [bookmark: _Ref471718259]R1-1702922, “Diversity transmission for UL,” Samsung
[4] [bookmark: _Ref471693515]R1-1702919, “UL codebook-based transmission,” Samsung
Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]Table 2: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU, Lambda = 3)

	Channel model
	UMa-500m (36.814) 

	Number of BS (H,V) antenna elements
	(8,8) for 16 ports and (8,16) for 32 ports, x-polarized, subarray partition

	(N1,N2, P) 
	16 ports: (2,4,2) and 32 ports: (2,8,2)

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2

	UE speed
	3, 120 kmph

	SU/MU pre-coding
	CB

	Scheduling
	SU, Proportional fair, SB scheduling (SB = 4 PRBs) 

	Channel estimation
	Non-ideal

	Transmission rank
	1

	Receiver 
	MMSE-IRC

	Codebook
	Rel. 13 Class A: (O1,O2) = (8,8), Codebook-Config = 2,3,4
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TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	1.0196570670708602	1.2271908763505404	RB level beam, RB level cophase	
Avg. UPT	5% UPT	1.1777188328912469	1.5150060024009604	RB level beam, RE level cophase	
Avg. UPT	5% UPT	1.184729064039409	1.6122448979591837	RE level beam, RB level cophase	
Avg. UPT	5% UPT	1.1804660856384996	1.5720288115246099	RE level beam, RE level cophase	
Avg. UPT	5% UPT	1.1857711254262979	1.5822328931572631	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	1.0178827579611742	1.2143649815043156	RB level beam, RB level cophase	
Avg. UPT	5% UPT	1.1790188390551783	1.5628853267570899	RB level beam, RE level cophase	
Avg. UPT	5% UPT	1.1882949220617767	1.6356350184956843	RE level beam, RB level cophase	
Avg. UPT	5% UPT	1.1801663957157884	1.5893958076448826	RE level beam, RE level cophase	
Avg. UPT	5% UPT	1.1841828440279236	1.6337854500616522	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	1.0137443493315379	1.2337326607818411	RB level beam, RB level cophase	
Avg. UPT	5% UPT	1.1815908435125517	1.581967213114754	RB level beam, RE level cophase	
Avg. UPT	5% UPT	1.1869770125997883	1.665825977301387	RE level beam, RB level cophase	
Avg. UPT	5% UPT	1.1851495623737616	1.6166456494325345	RE level beam, RE level cophase	
Avg. UPT	5% UPT	1.1900548235067807	1.6576292559899117	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.99499246987951806	0.99689996804090764	RB level beam, RB level cophase	
Avg. UPT	5% UPT	1.1140060240963856	1.307446468520294	RB level beam, RE level cophase	
Avg. UPT	5% UPT	1.1155120481927712	1.3419622882710132	RE level beam, RB level cophase	
Avg. UPT	5% UPT	1.115210843373494	1.3291786513263022	RE level beam, RE level cophase	
Avg. UPT	5% UPT	1.1164909638554217	1.3470757430488973	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.9899	1.0286999999999999	RB level beam, RB level cophase	
Avg. UPT	5% UPT	1.113	1.3440000000000001	RB level beam, RE level cophase	
Avg. UPT	5% UPT	1.1160000000000001	1.3939999999999999	RE level beam, RB level cophase	
Avg. UPT	5% UPT	1.115	1.3859999999999999	RE level beam, RE level cophase	
Avg. UPT	5% UPT	1.1160000000000001	1.387	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.98599999999999999	1.0289999999999999	RB level beam, RB level cophase	
Avg. UPT	5% UPT	1.111	1.34	RB level beam, RE level cophase	
Avg. UPT	5% UPT	1.1140000000000001	1.363	RE level beam, RB level cophase	
Avg. UPT	5% UPT	1.111	1.36	RE level beam, RE level cophase	
Avg. UPT	5% UPT	1.113	1.373	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.71927062836153743	0.45590371446358169	RB level beam, RB level cophase	
Avg. UPT	5% UPT	0.89138134592680041	0.86407968458186335	RB level beam, RE level cophase	
Avg. UPT	5% UPT	0.88579955398137211	0.84393027599086956	RE level beam, RB level cophase	
Avg. UPT	5% UPT	0.88967598058507147	0.86407968458186335	RE level beam, RE level cophase	
Avg. UPT	5% UPT	0.8871113734750099	0.85557169537248401	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.70784893267651883	0.41635455680399497	RB level beam, RB level cophase	
Avg. UPT	5% UPT	0.8837372742200329	0.85139409071993344	RB level beam, RE level cophase	
Avg. UPT	5% UPT	0.87920525451559928	0.846816479400749	RE level beam, RB level cophase	
Avg. UPT	5% UPT	0.88321182266009846	0.85742821473158548	RE level beam, RE level cophase	
Avg. UPT	5% UPT	0.87854844006568145	0.83618393674573444	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.7006176895781312	0.40276035131744037	RB level beam, RB level cophase	
Avg. UPT	5% UPT	0.88408463661453551	0.85280217482225007	RB level beam, RE level cophase	
Avg. UPT	5% UPT	0.87725062426074385	0.83795483061480558	RE level beam, RB level cophase	
Avg. UPT	5% UPT	0.88158759363911166	0.85740276035131746	RE level beam, RE level cophase	
Avg. UPT	5% UPT	0.88047049546589562	0.84590129652864898	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.77218614718614709	0.50123294427091891	RB level beam, RB level cophase	
Avg. UPT	5% UPT	0.89484126984126966	0.86192668091402269	RB level beam, RE level cophase	
Avg. UPT	5% UPT	0.89369889369889366	0.85617294098306751	RE level beam, RB level cophase	
Avg. UPT	5% UPT	0.89562289562289554	0.86307742890021366	RE level beam, RE level cophase	
Avg. UPT	5% UPT	0.89472101972101969	0.85173434160775929	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.76203931942523906	0.49330879892940782	RB level beam, RB level cophase	
Avg. UPT	5% UPT	0.89003787651055133	0.86348277015724328	RB level beam, RE level cophase	
Avg. UPT	5% UPT	0.88799374736968684	0.85863164938106395	RE level beam, RB level cophase	
Avg. UPT	5% UPT	0.89087957674502494	0.87117765138842429	RE level beam, RE level cophase	
Avg. UPT	5% UPT	0.88847471893224317	0.86498829039812641	


TS1	
Avg. UPT	5% UPT	1	1	SFBC	
Avg. UPT	5% UPT	0.76022092813832021	0.49892151982744321	RB level beam, RB level cophase	
Avg. UPT	5% UPT	0.89133697544575852	0.86907250705160111	RB level beam, RE level cophase	
Avg. UPT	5% UPT	0.88791499069460278	0.84433383109341298	RE level beam, RB level cophase	
Avg. UPT	5% UPT	0.88923575673890853	0.86923842707814836	RE level beam, RE level cophase	
Avg. UPT	5% UPT	0.88911568709851718	0.85181682429069183	
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