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1. Introduction
In RAN1#86 [1], an agreement was made about the specification support for hybrid CSI reporting according to Mechanism 1 (Class A + Class B, K = 1). The remaining issues about Mechanism 1 are discussed in the companion contribution [2]. In addition, the following conclusion was made about an additional hybrid CSI reporting. 
Conclusion:
· Proposal I: 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 resource for the 2nd eMIMO-Type
· For the 1st eMIMO-Type, two options
· Option 1: CRI (without CQI/PMI/RI) is reported
· Option 2 (only support K=2): PMI assuming RI=1 for each of the two CSI-RS resources are reported 
· For the 2nd eMIMO-Type
· CQI/PMI/RI are reported
· Working assumption: No interdependence in CQI calculation between 1st and 2nd eMIMO-Types
· FFS: for option 1, dynamic CSI-RS resource configuration for the 2nd eMIMO-Type based on CRI reporting 1st eMIMO-Type. 
· Proposal II: text omitted ….
This contribution provides simulation results in support of Proposal I with Option 2 (highlighted in yellow). We shall also refer to this option as partial port hybrid CSI in this contribution.
2. Support for partial port hybrid CSI
Other than mechanism 1, we propose to support Proposal I, option 2 (in addition to option 1) for the 1st eMIMO-Type. Option 2 of Proposal I facilitates the so-called “partial-port” CSI-RS without any CSI-RS enhancement. Here, a CSI report associated with a P-port CSI-RS is effectively decomposed into K parts, each associated with  ports. Therefore, computational burden per subframe at the UE is reduced due to partitioning. An important use case is as follows:
1. V-H reporting (, ): This is illustrated in Figure 1. From eNB perspective, the first 4-port resource is associated with the vertical (or the first) dimension while the second 8-port resource with the horizontal (the second) dimension. The UE is then configured to report a CSI for each of the two CSI-RS resources. From UE perspective, the UE reports two different/independent CSI feedbacks – one associated with 4 ports (based on a 4-port ULA codebook), the other 8 ports (based on an 8-port dual-polarized codebook). The advantages of this approach are:
· This scheme allows the eNB to offer a non-CLASS A-capable UE (capable of measuring at most 8-port CSI-RS) the same amount of user throughput as a CLASS A-capable UE (capable of measuring at most 32-port CSI-RS) (see results in next section). Applied to sufficiently large number of UEs, this can boost the network performance. This is crucial since the support of CLASS A-capable Rel.13/14 FD-MIMO UEs may be rare during the initial phase of FD-MIMO commercialization. That is, most FD-MIMO capable UEs will support CLASS B (most likely with a small value of K) without CLASS A capability. 
· Reduction of computational burden at the UE.
· Partitioning CSI reporting overhead into 2 parts while reducing the payload of each CSI report (since CQI is not reported).


[bookmark: _Ref447062022]Figure 1 Partial port (V-H) reporting
Since the 1st eMIMO-Type is intended for a two-step virtualization/long-term beamforming of CSI-RS, CQI is not needed. In addition, it is demonstrated in next section that setting RI to a fixed value of 1 in each of the two PMI reports is sufficient. Therefore, it is proposed that only PMI is reported (assuming RI=1) for each of the two CSI reports associated with the 1st eMIMO-Type.
Regarding PUSCH-based A-CSI reporting, following the proposal for mechanism 1, the eNB should be able to trigger an A-CSI report for each of the two eMIMO-Types. Furthermore, since the first eMIMO-Type consists of K = 2 PMI reports, to avoid further partitioning of A-CSI reporting (which is unnecessary), it is proposed that when A-CSI report is triggered for the 1st eMIMO-Type, all the K = 2 PMIs are reported together. 
Proposal: Support partial port hybrid CSI (Proposal I, option 2 in the conclusion), in addition to option 1, for the 1st eMIMO-Type
· No inter-dependence between CSI calculations across two eMIMO-Types 
· Only report PMI (no CQI and RI, RI=1) for each of the K = 2 CSI reports associated with the 1st eMIMO-Type 
· Support A-CSI triggering of only one of the two eMIMO-Types
· The K = 2 PMIs associated with the 1st eMIMO-Type are reported together
3. Simulation results
To demonstrate the performance of the proposed partial port hybrid CSI, 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;
· Partial port 1: Proposal I, Option 2 with a periodicity of 1st CSI-RS of 100 ms; and
· Partial port 2: Proposal I, 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 2 in the Appendix. The relevant simulation parameters are enlisted in Table 1. The rest of the simulation assumption is according to [3]. The performance gains with “Class A only” as reference are summarized in Figure 2 and Figure 3. From these results, we can make the following observation.
Observation: 
· Partial port hybrid exhibits performance gain in avg. UPT and loss in 5% UPT when compared with Class A only. Performance can be improved by reducing the periodicity of 1st CSI-RS transmission.    
· Partial port exhibits slight performance loss over Mechanism 1. The performance gap can be reduced by reducing the periodicity of 1st CSI-RS transmission.    
Since the performance gap between Mechanism 1 and partial port hybrid CSI is not significantly large and the main motivation of partial port, as explained in Section 2, is to support UEs that are incapable of reporting Class A CSI, which is required in Mechanism 1, partial port hybrid CSI as proposed in Section 2 should be supported in Rel. 14.






	


[bookmark: _Ref447193894]Figure 2: Performance for (N1,N2) = (4,4), UMa-200m

[bookmark: _Ref450753811]Figure 3: Performance for (N1,N2) = (4,4), UMi-2GHz

4. Conclusion
This document provides SLS results for Proposal I, Option 2 for partial port hybrid CSI reporting. The proposals and observations made can be summarized as follows.
Observation: 
· Partial port hybrid exhibits performance gain in avg. UPT and loss in 5% UPT when compared with Class A only; and shows slight performance loss over Mechanism 1. Performance can be improved by reducing the periodicity of 1st CSI-RS transmission.    
Proposal: Support partial port hybrid CSI (Proposal I, option 2 in the conclusion), in addition to option 1, for the 1st eMIMO-Type
· No inter-dependence between CSI calculations across two eMIMO-Types 
· Only report PMI (no CQI and RI, RI=1) for each of the K = 2 CSI reports associated with the 1st eMIMO-Type 
· Support A-CSI triggering of only one of the two eMIMO-Types
· The K = 2 PMIs associated with the 1st eMIMO-Type are reported together
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Appendix: Simulation Assumptions and Results
[bookmark: _Ref458619302][bookmark: _Ref450753763]Table 1: Simulation Parameters
	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
	Non-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 2: Non-full buffer simulation results
	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
	Partial port 1
	40.8%
	24.87
	21.78
	7.92
	101.15%
	101.80%
	95.25%

	
	
	50
	Partial port 2
	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
	Partial port 1
	43.7%
	24.87
	21.66
	7.98
	101.48%
	101.33%
	91.16%

	
	
	50
	Partial port 2
	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	Partial port 1	Avg UPT	50% UPT	5% UPT	1.0115000000000001	1.018	0.95250000000000001	Partial port 2	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	Partial port 1	Avg UPT	50% UPT	5% UPT	1.0147999999999999	1.0133000000000001	0.91159999999999997	Partial port 2	Avg UPT	50% UPT	5% UPT	1.0193000000000001	1.0339	0.9627	
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