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1. Introduction
The following working assumption and conclusion about hybrid CSI were made in RAN1#85. 
Working assumption:
· Mechanism 1: Hybrid CSI is realized by with one CSI process, support at least CLASS A for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resource for the 2nd eMIMO-Type
· i1 is reported while CQI and i2 are not reported for the 1st eMIMO-Type (CLASS A)
· FFS: whether RI is reported for CLASS A 
· CQI/PMI/RI are reported for the 2nd eMIMO-Type (CLASS B K=1)
· At least one more mechanism is supported, to be discussed in RAN1#86
Conclusion:
· Candidate mechanisms to consider in RAN1#86
· Mechanism 2A: for hybrid CSI with one CSI process, support CLASS B with K≥1 CSI-RS resources for the 1st eMIMO-Type and CLASS B with K=1 CSI-RS resources for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, depending on the value of K
· K=1: CQI/RI are reported. In addition, i1 is reported for Rel.12 dual-stage codebooks 
· K>1: two options
· Option 1: CRI is reported
· Option 2: PMI/RI for each CSI-RS resource are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· ….
This contribution provides simulation results in support of Mechanism 1 and Mechanism 2A with Option 2 (highlighted in yellow). 
2. Mechanism 1
We will use notation RI(1) and RI(2) for RI reporting in 1st and 2nd eMIMO-Types, respectively. According to the working assumption about Mechanism 1, the CSI for the 1st eMIMO-Type comprises of (i1,1,i1,2), that for 2nd eMIMO-Type comprises of PMI/CQI/RI(2), and the two CSIs are derived using Rel. 13 Class A and Class B codebooks, respectively. The RI(1) reporting in the 1st eMIMO-Type is currently FFS. For Np = 2 Class B ports in the 2nd eMIMO-Type, RI(1) reporting may not be necessary and RI(1) can be fixed to rank 1 for example. For Np = 4 and 8 Class B ports, however, RI(1) reporting may bring performance gain. In this section, we study the following alternatives for RI(1) reporting.
· Hyb 0: Both RI(1) and RI(2) are reported without any restrictions.
· Hyb 1: RI(1) is fixed to rank 1 and RI(2) is reported without any restrictions.
· Hyb 2: 1-bit RI(1) is reported for rank 1 and rank 3 and RI(2) is reported without any restrictions.
The reason rank 1 and rank 3 are considered for 1-bit RI(1) reporting in Hyb 2 is that Rel. 13 Class A codebook has nested property in the sense that rank 1 and rank 2 beam groups (indicated by (i1,1,i1,2)) are identical (except N1 < N2 and Codebook-Config = 2), and similarly rank 3 and rank 4 beam groups (indicated by (i1,1,i1,2)) are also identical. Therefore, for 1-bit RI(1) reporting, rank 1 and rank 3 are considered so that the reported beam groups are different depending on the rank. Assuming up to rank 4 hybrid CSI reporting, RI(1) and RI(2) reporting overheads can be summarized as in Table 1.
[bookmark: _Ref458611946]Table 1: RI(1) and RI(2) reporting overhead
	Scheme
	 RI(1)
	RI(2)

	Class A (Ref)
	Unrestricted (2-bit)
	Unrestricted (2-bit)

	Hyb 0
	Unrestricted (2-bit)
	Unrestricted (2-bit)

	Hyb 1
	Rank 1 (0-bit)
	Unrestricted (2-bit)

	Hyb 2
	Rank 1, Rank 3 (1-bit)
	Unrestricted (2-bit)


The non-full-buffer system-level evaluation is carried out for UMi-2GHz channel model in low (20% target RU) traffic loading scenarios with up to rank 4 CSI. The detailed results can be found in Table 4 in the Appendix. The results are provided for 32 antenna ports with (N1,N2) = (4,4) and Np = 8 Class B ports in the 2nd eMIMO-Type. The periodicity of 1st eMIMO-Type is 100 ms and that of the 2nd eMIMO-Type is 5ms. For comparison, Class A CSI reported every 5ms is considered in this evaluation. The relevant simulation parameters are enlisted in Table 3. The rest of the simulation assumption is according to [1].
The performance gains with “Class A only” as reference are summarized in Figure 1, Figure 2, and Figure 3 for Codebook-Config = 2, 3, and 4, respectively in the 1st eMIMO-Type. From these results, we can make the following observation.
Observation 1: 
· When compared with Hyb 0 (full RI) and Hyb 2 (1-bit RI(1), ~8-10% performance loss in avg. UPT with Hyb 1 (when no RI(1) is reported and (i1,1,i1,2) corresponds to rank 1 in the 1st eMIMO-Type).
· 1-bit RI(1) reporting (Hyb 2) shows small (~2-3%) performance loss when compared with 2-bit RI(1) reporting (Hyb 0). 
Proposal 1: Confirm the working assumption for Mechanism 1 with 1-bit RI(1) reporting in the 1st eMIMO-Type.

[bookmark: _Ref458615598]Figure 1: Performance gain: Codebook-Config = 2 

[bookmark: _Ref458615599]Figure 2: Performance gain: Codebook-Config = 3

[bookmark: _Ref458615600]Figure 3: Performance gain: Codebook-Config = 4
3. Mechanism 2A, Option 2
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[bookmark: _Ref447270781]Figure 4: Illustration of hybrid CSI reporting
An example of Mechanism 2A, Option 2 of hybrid CSI scheme is shown in Figure 4. As shown,
· The first CSI-RS corresponds to “Class B K = 2 eMIMO-Type” in which NP CSI-RS is transmitted from a subset (one row or one column) of antenna ports. There are two components to this CSI-RS: first CSI-RS 1 is for the row and first CSI-RS 2 is for the column.
· The second CSI-RS corresponds to “Class B K = 1 eMIMO-Type” in which BF CSI-RS is transmitted from two beam-formed ports which are beam-formed using the beams associated with the first PMI.  
· The UE derives
· 1st CSI: i1,1 of the first PMI pair (i1,1,i1,2) using the NP CSI-RS corresponding to the row and a 16 port codebook, and i1,2 of the first PMI pair (i1,1,i1,2) using the NP CSI-RS corresponding to the column and a 4 port codebook; and
· 2nd CSI: the second PMI i2, CQI and RI using BF CSI-RS and a 2 port codebook.
To demonstrate the performance of the proposed hybrid PMI codebook, simulation-level simulation results are provided for following four schemes:
· Class A only: For reference, the performance of Class A eMIMO-Type with Codebook-Config = 1 is considered. 
· Mechanism 1: 1st CSI-RS is transmitted from full 2N1N2 ports with a periodicity of 100 ms;
· Mechanism 2A-a: Mechanism 2A, Option 2 with a periodicity of 1st CSI-RS of 100 ms; and
· [bookmark: _GoBack]Mechanism 2A-b: Mechanism 2A, Option 2 with a periodicity of 1st CSI-RS of 50 ms.
The 2nd CSI-RS is transmitted periodically every 5 ms. The non-full-buffer system-level evaluation is carried out for UMa-200m and UMi-2GHz channel models in heavy (70% target RU) traffic loading scenarios. The detailed results can be found in Table 6 in the Appendix. The relevant simulation parameters are enlisted in Table 5. The rest of the simulation assumption is according to [1]. The performance gains with “Class A only” as reference are summarized in Figure 5 and Figure 6. From these results, we can make the following observation.
Observation 2: 
· Mechanism 1 shows performance gain over Class A only - 5-6% gain in avg. UPT for both UMa-200m and UMi-2GHz scenarios; and 9% gain in 5% UPT for UMi-2GHz. 
· Overall, mechanism 2A performs similarly to Mechanism 1. In some cases, it exhibits slight performance loss over Mechanism 1. Such performance loss can be reduced by reducing the periodicity of 1st CSI-RS transmission.    
Since the performance gap between Mechanism 1 and Mechanism 2A is not significantly large and the main motivation of Mechanism 2A, as explained in the companion contribution [2], is to support UEs that are incapable of reporting Class A CSI, which is required in Mechanism 1, we have the following proposal.
Proposal 2: Mechanism 2A, Option 2 is supported.






	


[bookmark: _Ref447193894]Figure 5: Performance for (N1,N2) = (4,4), UMa-200m

[bookmark: _Ref450753811]Figure 6: Performance for (N1,N2) = (4,4), UMi-2GHz

4. Conclusion
This document provides SLS results for Mechanism 1 and Mechanism 2A, Option 2 of hybrid CSI reporting. The proposals and observations made can be summarized as follows.
Observation 1: 
· When compared with Hyb 0 (full RI) and Hyb 2 (1-bit RI(1), ~8-10% performance loss in avg. UPT with Hyb 1 (when no RI(1) is reported and (i1,1,i1,2) corresponds to rank 1 in the 1st eMIMO-Type).
· 1-bit RI(1) reporting (Hyb 2) shows small (~2-3%) performance loss when compared with 2-bit RI(1) reporting (Hyb 0). 
Proposal 1: Confirm the working assumption for Mechanism 1 with 1-bit RI(1) reporting in the 1st eMIMO-Type.
Observation 2: 
· Mechanism 1 shows performance gain over Class A only - 5-6% gain in avg. UPT for both UMa-200m and UMi-2GHz scenarios; and 9% gain in 5% UPT for UMi-2GHz. 
· Overall, mechanism 2A performs similarly to Mechanism 1. In some cases, it exhibits slight performance loss over Mechanism 1. Such performance loss can be reduced by reducing the periodicity of 1st CSI-RS transmission.    
Proposal 2: Mechanism 2A, Option 2 is supported.
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref450753651]Table 3: Simulation Parameters: Mechanism 1
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Low load 20% Target RU, Lambda = 2)

	Channel model
	UMi-2GHz 

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	32 ports: (4,4,2)

	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
	4

	SU/MU pre-coding
	CB

	Scheduling
	SU, Proportional fair 

	Channel estimation
	Ideal

	Transmission rank
	1,2,3,4

	Receiver 
	MMSE-IRC

	Codebook
	Class A: (O1,O2) = (8,8), Codebook-Config = 2,3,4
Class B, K = 1: Np = 8 ports 


[bookmark: _Ref458615945][bookmark: _Ref450753763]Table 4: Non-full buffer simulation results: Mechanism 1
	Codebook-Config
	Scheme
	Avg UPT
	50% UPT
	5% UPT
	RU
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	2
	Class A
	51.05
	46.02
	18.59
	16.3%
	100.0%
	100.0%
	100.0%

	
	Hyb 0
	54.92
	48.82
	20.56
	15.2%
	107.6%
	106.1%
	110.6%

	
	Hyb 1
	49.04
	44.47
	20.35
	16.5%
	96.1%
	96.6%
	109.4%

	
	Hyb 2
	53.46
	48.28
	21.08
	15.6%
	104.7%
	104.9%
	113.4%

	3
	Class A
	48.47
	42.47
	18.45
	16.9%
	100.0%
	100.0%
	100.0%

	
	Hyb 0
	52.79
	46.50
	19.70
	15.5%
	108.9%
	109.5%
	106.8%

	
	Hyb 1
	47.44
	42.23
	19.31
	16.8%
	97.9%
	99.4%
	104.7%

	
	Hyb 2
	51.52
	45.80
	19.44
	15.9%
	106.3%
	107.9%
	105.3%

	4
	Class A
	48.26
	42.60
	18.58
	16.9%
	100.0%
	100.0%
	100.0%

	
	Hyb 0
	52.15
	45.79
	20.53
	15.7%
	108.1%
	107.5%
	110.5%

	
	Hyb 1
	46.88
	42.27
	19.18
	16.9%
	97.1%
	99.2%
	103.2%

	
	Hyb 2
	51.28
	45.43
	20.06
	15.9%
	106.3%
	106.6%
	108.0%


[bookmark: _Ref458619302]Table 5: Simulation Parameters: Mechanism 2A, Option 2
	Parameters
	Values

	Simulation Type
	Non-full-buffer (Medium load 50% Target RU)

	Channel model
	UMi-2GHz, UMa-200m

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	32 ports: (4,4,2)

	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

	SU/MU pre-coding
	SLNR

	Scheduling
	MU, Proportional fair, up to 4 layers

	Channel estimation
	Ideal

	Transmission rank
	1,2

	Receiver 
	MMSE-IRC

	Codebook
	Class A: (O1,O2) = (8,8), Codebook-Config = 1
Hybrid codebook: 
· CNP = Rel. 10 8-Tx rank 1 for both horizontal and vertical; and 
· CBF = Rel. 8 2-Tx 


[bookmark: _Ref458616430]Table 6: Non-full buffer simulation results: Mechanism 2A, Option 2
	Channel
	Lambda
	1st CSI-RS periodicity (ms)
	Scheme
	RU
	Avg UPT
	50% UPT
	5% UPT
	Avg UPT gain
	50% UPT gain
	5% UPT gain

	UMa-200m
	3.1
	100
	Class A
	40.5%
	24.58
	21.39
	8.31
	100.00%
	100.00%
	100.00%

	
	
	100
	Mech 1
	39.3%
	25.87
	22.43
	8.17
	105.25%
	104.84%
	98.30%

	
	
	100
	Mech 2A-a
	40.8%
	24.87
	21.78
	7.92
	101.15%
	101.80%
	95.25%

	
	
	50
	Mech 2A-b
	40.3%
	24.98
	21.86
	8.23
	101.61%
	102.19%
	99.04%

	UMi-2GHz
	3.3
	100
	Class A
	43.2%
	24.50
	21.37
	8.76
	100.00%
	100.00%
	100.00%

	
	
	100
	Mech 1
	41.6%
	26.00
	22.61
	9.50
	106.10%
	105.78%
	108.53%

	
	
	100
	Mech 2A-a
	43.7%
	24.87
	21.66
	7.98
	101.48%
	101.33%
	91.16%

	
	
	50
	Mech 2A-b
	43.4%
	24.98
	22.10
	8.43
	101.93%
	103.39%
	96.27%



Class A	Avg UPT	50% UPT	5% UPT	1	1	1	Mechanism 1	Avg UPT	50% UPT	5% UPT	1.0525	1.0484	0.98299999999999998	Mechanism 2A-a	Avg UPT	50% UPT	5% UPT	1.0115000000000001	1.018	0.95250000000000001	Mechanism 2A-b	Avg UPT	50% UPT	5% UPT	1.0161	1.0219	0.99039999999999995	


Class A	Avg UPT	50% UPT	5% UPT	1	1	1	Mechanism 1	Avg UPT	50% UPT	5% UPT	1.0609999999999999	1.0578000000000001	1.0852999999999999	Mechanism 2A-a	Avg UPT	50% UPT	5% UPT	1.0147999999999999	1.0133000000000001	0.91159999999999997	Mechanism 2A-b	Avg UPT	50% UPT	5% UPT	1.0193000000000001	1.0339	0.9627	


Class A	Avg. UPT	5% UPT	1	1	Hyb 0	Avg. UPT	5% UPT	1.0760000000000001	1.1060000000000001	Hyb 1	Avg. UPT	5% UPT	0.96099999999999997	1.0940000000000001	Hyb 2	Avg. UPT	5% UPT	1.0469999999999999	1.1339999999999999	



Class A	Avg. UPT	5% UPT	1	1	Hyb 0	Avg. UPT	5% UPT	1.089	1.0680000000000001	Hyb 1	Avg. UPT	5% UPT	0.97899999999999998	1.0469999999999999	Hyb 2	Avg. UPT	5% UPT	1.0629999999999999	1.0529999999999999	



Class A	Avg. UPT	5% UPT	1	1	Hyb 0	Avg. UPT	5% UPT	1.08066889077685	1.1047731797879785	Hyb 1	Avg. UPT	5% UPT	0.97140429764396274	1.0320723241672496	Hyb 2	Avg. UPT	5% UPT	1.0626411653784786	1.0795350589248238	
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