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Introduction
In RAN1#86, the following agreement and conclusion were made about DMRS-based open-loop and semi-open-loop transmission [1].
Agreement:
· Support both CLASS A and CLASS B with K≥1 CSI-RS resources for the eMIMO-Type of semi-open-loop
· For dual-stage codebook, 
· RI, i1 and CQI reporting is supported for {CLASS A} and {CLASS B with K=1 and 8Tx/alternate 4Tx codebooks}
· FFS: reporting i11 and/or i12 for Class A codebooks
· CRI, RI, i1 and CQI reporting is supported for CLASS B with K>1
· FFS: reporting i1 and subsampled i2
· FFS: Hybrid CSI with semi-open-loop 
· FFS: Reporting multiple CRIs for CLASS B K>1
· For single-stage codebook with 2 and 4 ports (CLASS B with K>1), CRI, RI and CQI are reported
· For single-stage codebook with 2 and 4 ports (CLASS B with K=1), RI and CQI are reported
· Support RE level transmitter operation on PDSCH for both CSI reporting and PDSCH transmission
· Down selection from the following transmission schemes in RAN1#86bis, including possible combination
· Precoder cycling
· Tx diversity 
· LD-CDD
· Layer Permutation
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Based on the agreement (highlighted in yellow), the companion contribution [2] proposes a precoder cycling based semi-open-loop transmission scheme relying on partial PMI feedback (W1 only). In the proposed scheme, beams are cycled at RB level and co-phase values are cycled at RE level. This contribution provides simulation results to show performance gain of the proposed semi-open-loop scheme over the closed loop transmission. 
Semi-open-loop transmission schemes for evaluation 



[bookmark: _Ref458666541]Figure 1: An illustration of RE level co-phase cycling of co-phase values (for 2nd polarization) in an RB
[bookmark: _Ref458666502]Table 1: RE level cycling of 2 co-phase values (for 2nd polarization)
	Scheme
	W1 beam cycling granularity
	Co-phase for 2nd polarization

	
	
	Cycling
	Co-phase values
	Number of co-phase values for cycling
	Number of RBs for co-phase cycling

	Scheme 0
	1 RB
	RE level cycling
	{1,j,-1,-j}
	4 co-phase values
	1

	Scheme 1
	1 RB
	
	{1,-1}
	2 co-phase values
	1

	Scheme 2
	2 consecutive  RBs
	
	{1,-1}, {j,-j}
	2 pairs of 2 co-phase values
	2

	Scheme 3
	4 consecutive  RBs
	
	{1,j}, {j,-1}, {-1,-j}, {-j,1}
	4 pairs of 2 co-phase values
	4

	Scheme 4
	6 consecutive  RBs
	
	{1,-1}, {j,-j}, {1,j}, {j,-1}, {-1,-j}, {-j,1}
	6 pairs of 2 co-phase values
	6



In this evaluation, we assume that a UE feeds back the first PMI (i1,1,i1,2) indicating L = 4 beams using Rel. 13 Class A codebook with Codebook-Config = 2, 3, and 4 for precoder cycling based semi-open-loop (semi-OL) transmission by the eNB. Using the reported first PMI, the eNB performs RB level cycling of 4 reported beams, and RE level cycling of co-phase values (for the 2nd antenna polarization; note: co-phase for 1st antenna polarization is 1) from the QPSK alphabet {1, j, -1, -j}. Depending on whether all or a subset of 4 co-phase values (for 2nd polarization) are cycled in an RB, we have the following rank 1 precoder cycling schemes, which are illustrated in Figure 1 and summarized in Table 1.
· Scheme 0: In this scheme, four beams, beam 0 – 3, are cycled at RB level and four co-phase values {1, j, -1, -j} are cycled at RE level in each RB. 
· Scheme 1: In this scheme, four beams, beam 0 – 3, are cycled at RB level and two co-phase values {1, -1} are cycled at RE level in each RB. 
· Scheme 2: In this scheme, four beams, beam 0 – 3, are cycled at RB level and two pairs of two co-phase values {1, -1} and {j, -j} are cycled at RE level in two consecutive RBs, k and k + 1. The co-phase values {1, -1} are cycled in RB k and the co-phase values {j, -j} are cycled in RB k + 1. The set of co-phase values changes from {1, -1} to {j, -j} in RBs k and k + 1, respectively. Note that the same beam is considered in RBs k and k + 1, i.e., beam cycling is performed in a group of 2 consecutive RBs.
· Scheme 3: In this scheme, four beams, beam 0 – 3, are cycled at RB level and four pairs of two co-phase values {1, j}, {j, -1}, {-1, -j}, and {-j, 1} are cycled at RE level in four consecutive RBs, k to k + 3. The co-phase values {1, j} are cycled in RB k, the co-phase values {j, -1} are cycled in RB k +1, the co-phase values {-1, -j} are cycled in RB k + 2, and the co-phase values {-j, 1} are cycled in RB k + 3. The set of co-phase values changes from RBs k to k + 3, respectively. Note that the same beam is considered in RBs k to k + 3, i.e., beam cycling is performed in a group of 4 consecutive RBs.
· Scheme 4: This example is similar to Scheme 2 and 3 except that six pairs of two co-phase values {1, j}, {j, -1}, {-1, -j}, {-j, 1}, {1, -1}, and {j, -j} are cycled at RE level in six consecutive RBs, k to k + 3. Note that the same beam is considered in RBs k to k + 5, i.e., beam cycling is performed in a group of 6 consecutive RBs.
Observation:
· Schemes 1 and 2 can be used for rank-2 pre-coder cycling in which two co-phase values {1, -1} and {j, -j} are used for the two layers.
· The required number of DMRS sequences per RB is 4 for Scheme 0 and is 2 for Scheme 1 – 4.  
Simulation results

To compare the performance of candidate semi-OL schemes in Table 1, non-full-buffer system-level evaluation is carried out for UMa-500m channel model (36.814) in heavy (70% target RU) traffic loading scenario, where UE speed is assumed to be 120 kmph. The SU-MIMO rank 1 transmission with SB scheduling (where SB is 4 PRBs) is considered in the simulation. The detailed results are provided in Table 3 and Table 4 in the Appendix. 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 downtilt angles in the elevation domain are chosen according to [3]. In these simulations, full-port non-precoded CSI-RS is used for CSI estimation, and the corresponding CSI-RS overhead is taken into account in the final throughput calculation. Cell association antenna pattern is approximated by one-TXRU pattern, and proportional fair scheduling have been used. The relevant simulation parameters are enlisted in Table 2. The rest of the simulation assumption is according to [3].
The performance gains with close-loop (CL) transmission as reference are shown in Figure 2 - Figure 7 for Codebook-Config 2, 3, and 4, and 16 and 32 ports. From these results, we can make the following observation.
Observation:
· Precoder cycling based semi-open-loop transmission (Scheme 0 – 4) shows significant performance gain over closed loop transmission: ~10-18% avg. UPT gain, ~27-65% 5% UPT gain.
· RE level cycling of two pairs of two co-phase {1,-1},{j,-j} (Scheme 2) achieves the best performance among the four schemes (Scheme 1 – 4) for co-phase cycling of two co-phase; and its performance is close to co-phase cycling of four co-phase (Scheme 0).
· RE level cycling of two co-phase {1,-1} (Scheme 1) shows performance loss when compared with four co-phase {1,j,-1,-j} (Scheme 0): ~1-2% loss in avg. UPT, ~5-10% loss in 5% UPT.
Based on these observations, we make the following proposal.
Proposal: For semi-open-loop transmission, RB level beam cycling and RE level co-phase cycling is supported. For co-phase cycling, at least one of the following two is supported:
· Four co-phase values {1,j,-1,-j} are cycled in an RB;
· Two pairs of two co-phase values {1,-1},{j,-j} are cycled in two consecutive RBs.

	


[bookmark: _Ref458669334]Figure 2: (N1,N2) = (2,4), Config = 2 

Figure 3: (N1,N2) = (2,4), Config = 3

[bookmark: _Ref458669339]Figure 4: (N1,N2) = (2,4), Config = 4


[bookmark: _Ref458615598]Figure 5: (N1,N2) = (2,8), Config = 2

[bookmark: _Ref458615599]Figure 6: (N1,N2) = (2,8), Config = 3

[bookmark: _Ref458615600]Figure 7: (N1,N2) = (2,8), Config = 4

[bookmark: _Ref446598642]Conclusions
In this contribution, simulation results are provided for DMRS based semi-open-loop transmission scheme relying on partial PMI feedback, proposed in [2]. The observations and proposals made are summarized as follows. 
Observation:
· Precoder cycling based semi-open-loop transmission (Scheme 0 – 4) shows significant performance gain over closed loop transmission: ~10-18% avg. UPT gain, ~27-65% 5% UPT gain.
· RE level cycling of two pairs of two co-phase {1,-1},{j,-j} (Scheme 2) achieves the best performance among the four schemes (Scheme 1 – 4) for co-phase cycling of two co-phase; and its performance is close to co-phase cycling of four co-phase (Scheme 0).  
· RE level cycling of two co-phase {1,-1} (Scheme 1) shows performance loss when compared with four co-phase {1,j,-1,-j} (Scheme 0): ~1-2% loss in avg. UPT, ~5-10% loss in 5% UPT.
Proposal: For semi-open-loop transmission, RB level beam cycling and RE level co-phase cycling is supported. For co-phase cycling, at least one of the following two is supported:
· Four co-phase values {1,j,-1,-j} are cycled in an RB;
· Two pairs of two co-phase values {1,-1},{j,-j} are cycled in two consecutive RBs.
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]Table 2: Simulation Parameters
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Heavy load 70% 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
	120 kmph

	SU/MU pre-coding
	CB

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

	Channel estimation
	Ideal

	Transmission rank
	1

	Receiver 
	MMSE-IRC

	Codebook
	Rel. 13 Class A: (O1,O2) = (8,8), Codebook-Config = 2,3,4


[bookmark: _Ref458615945]
[bookmark: _Ref458669255]Table 3: Non-full buffer simulation results: 16 ports
	Codebook-Config
	Scheme
	Avg. UPT
	50% UPT
	5% UPT
	RU
	Avg. UPT gain
	50% UPT gain
	5% UPT gain

	2
	CL
	10.56
	8.60
	1.67
	66.6%
	100.0%
	100.0%
	100.0%

	
	Scheme 0
	12.51
	10.83
	2.69
	59.9%
	118.5%
	126.0%
	161.2%

	
	Scheme 1
	12.36
	10.75
	2.52
	60.5%
	117.1%
	125.0%
	151.5%

	
	Scheme 2
	12.49
	10.90
	2.69
	60.0%
	118.3%
	126.7%
	161.6%

	
	Scheme 3
	12.44
	10.75
	2.64
	60.1%
	117.9%
	125.1%
	158.2%

	
	Scheme 4
	12.49
	10.84
	2.66
	59.9%
	118.3%
	126.1%
	159.9%

	3
	CL
	10.46
	8.47
	1.62
	66.9%
	100.0%
	100.0%
	100.0%

	
	Scheme 0
	12.43
	10.85
	2.65
	60.1%
	118.8%
	128.2%
	163.6%

	
	Scheme 1
	12.23
	10.43
	2.50
	60.8%
	117.0%
	123.2%
	154.3%

	
	Scheme 2
	12.36
	10.74
	2.56
	60.3%
	118.2%
	126.8%
	157.6%

	
	Scheme 3
	12.37
	10.65
	2.61
	60.4%
	118.3%
	125.8%
	161.0%

	
	Scheme 4
	12.30
	10.67
	2.54
	60.5%
	117.7%
	126.0%
	156.4%

	4
	CL
	10.40
	8.48
	1.59
	67.1%
	100.0%
	100.0%
	100.0%

	
	Scheme 0
	12.34
	10.75
	2.64
	60.4%
	118.7%
	126.8%
	166.6%

	
	Scheme 1
	12.23
	10.486
	2.50
	60.9%
	117.6%
	123.7%
	157.3%

	
	Scheme 2
	12.35
	10.576
	2.58
	60.3%
	118.8%
	124.8%
	162.9%

	
	Scheme 3
	12.34
	10.664
	2.59
	60.4%
	118.7%
	125.8%
	163.0%

	
	Scheme 4
	12.30
	10.648
	2.49
	60.5%
	118.3%
	125.6%
	156.9%



[bookmark: _Ref458669299]Table 4: Non-full buffer simulation results: 32 ports
	Codebook-Config
	Scheme
	Avg. UPT
	50% UPT
	5% UPT
	RU
	Avg. UPT gain
	50% UPT gain
	5% UPT gain

	2
	CL
	13.32
	11.89
	3.09
	56.7%
	100.0%
	100.0%
	100.0%

	
	Scheme 0
	14.90
	13.71
	4.23
	52.2%
	111.9%
	115.4%
	136.9%

	
	Scheme 1
	14.73
	13.42
	4.09
	52.9%
	110.6%
	112.9%
	132.4%

	
	Scheme 2
	14.90
	13.75
	4.29
	52.2%
	111.9%
	115.7%
	138.6%

	
	Scheme 3
	14.86
	13.64
	4.23
	52.4%
	111.6%
	114.7%
	136.9%

	
	Scheme 4
	14.89
	13.75
	4.26
	52.3%
	111.8%
	115.7%
	137.6%

	3
	CL
	13.28
	11.86
	3.13
	56.7%
	100.0%
	100.0%
	100.0%

	
	Scheme 0
	14.81
	13.57
	4.20
	52.4%
	111.6%
	114.5%
	134.2%

	
	Scheme 1
	14.63
	13.27
	3.98
	53.1%
	110.2%
	111.9%
	127.2%

	
	Scheme 2
	14.79
	13.54
	4.17
	52.6%
	111.4%
	114.2%
	133.2%

	
	Scheme 3
	14.79
	13.60
	4.16
	52.6%
	111.3%
	114.7%
	133.1%

	
	Scheme 4
	14.78
	13.52
	4.15
	52.6%
	111.3%
	114.0%
	132.7%

	4
	CL
	13.19
	11.68
	3.00
	57.0%
	100.0%
	100.0%
	100.0%

	
	Scheme 0
	14.73
	13.45
	4.18
	52.6%
	111.6%
	115.1%
	139.4%

	
	Scheme 1
	14.54
	13.28
	3.98
	53.3%
	110.2%
	113.7%
	132.7%

	
	Scheme 2
	14.74
	13.47
	4.14
	52.6%
	111.7%
	115.3%
	138.1%

	
	Scheme 3
	14.70
	13.43
	4.08
	52.8%
	111.4%
	115.0%
	135.9%

	
	Scheme 4
	14.69
	13.51
	4.11
	52.8%
	111.3%
	115.7%
	137.1%



CL	Avg. UPT	5% UPT	1	1	Scheme 0: {1,j,-1,-j}	Avg. UPT	5% UPT	1.184729064039409	1.6122448979591837	Scheme 1: {1,-1}	Avg. UPT	5% UPT	1.1711822660098523	1.5150060024009604	Scheme 2: {1,-1},{j,-j}	Avg. UPT	5% UPT	1.1829291398256916	1.6164465786314526	Scheme 3: {1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1787608942781358	1.5816326530612244	Scheme 4: (1,-1},{j,-j},{1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1830238726790452	1.5990396158463387	



CL	Avg. UPT	5% UPT	1	1	Scheme 0: {1,j,-1,-j}	Avg. UPT	5% UPT	1.1882949220617767	1.6356350184956843	Scheme 1: {1,-1}	Avg. UPT	5% UPT	1.1697427560485798	1.5431565967940815	Scheme 2: {1,-1},{j,-j}	Avg. UPT	5% UPT	1.1819833604284211	1.5758323057953143	Scheme 3: {1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1832265468107486	1.6103575832305794	Scheme 4: (1,-1},{j,-j},{1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1766280960122406	1.5641183723797778	



CL	Avg. UPT	5% UPT	1	1	Scheme 0: {1,j,-1,-j}	Avg. UPT	5% UPT	1.1869770125997883	1.665825977301387	Scheme 1: {1,-1}	Avg. UPT	5% UPT	1.176204674425315	1.5731399747793191	Scheme 2: {1,-1},{j,-j}	Avg. UPT	5% UPT	1.187650283735693	1.628625472887768	Scheme 3: {1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1869770125997883	1.6298865069356872	Scheme 4: (1,-1},{j,-j},{1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1825526594209868	1.5693568726355611	



CL	Avg. UPT	5% UPT	1	1	Scheme 0: {1,j,-1,-j}	Avg. UPT	5% UPT	1.1155120481927712	1.3419622882710132	Scheme 1: {1,-1}	Avg. UPT	5% UPT	1.101882530120482	1.2719718759987215	Scheme 2: {1,-1},{j,-j}	Avg. UPT	5% UPT	1.1137048192771084	1.3317353787152444	Scheme 3: {1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1133283132530121	1.3307766059443911	Scheme 4: (1,-1},{j,-j},{1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1125753012048194	1.326941514860978	



CL	Avg. UPT	5% UPT	1	1	Scheme 0: {1,j,-1,-j}	Avg. UPT	5% UPT	1.1161221860077313	1.3940000000000001	Scheme 1: {1,-1}	Avg. UPT	5% UPT	1.1017206094140832	1.3266666666666667	Scheme 2: {1,-1},{j,-j}	Avg. UPT	5% UPT	1.1173349503524597	1.381	Scheme 3: {1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.114303039490639	1.359	Scheme 4: (1,-1},{j,-j},{1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1133934662320928	1.3713333333333333	



CL	Avg. UPT	5% UPT	1	1	Scheme 0: {1,j,-1,-j}	Avg. UPT	5% UPT	1.11380328613614	1.3632734530938124	Scheme 1: {1,-1}	Avg. UPT	5% UPT	1.100628454607405	1.29707252162342	Scheme 2: {1,-1},{j,-j}	Avg. UPT	5% UPT	1.1150904823199819	1.3642714570858285	Scheme 3: {1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1117589157265086	1.3609447771124419	Scheme 4: (1,-1},{j,-j},{1,j},{j,-1},{-1,-j},{-j,1}	Avg. UPT	5% UPT	1.1104717195426668	1.3566200931470394	
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