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1. Introduction
In RAN1#86, the following agreement is achieved on hybrid CSI-RS [1][2].
· Further details on Mechanism 1 

· Reporting content

· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported

· For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported 

· FFS: Option for one eMIMO-Type to inherit RI reporting from another eMIMO-Type

· Working assumption: No inter-dependence between CSI calculations across two eMIMO-Types
· Reuse legacy CSI reporting mechanisms with the following refinement
· For PUCCH-based P-CSI
· Report i1(1) and RI(1)  in one subframe
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· For PUSCH-based A-CSI
· FFS: what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered
· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.
· Option 2: UE reports either one of the 2 eMIMO-types.
· Study whether it is possible to simplify a combination, or to down select, between/within proposals I [3] and proposals II [4]
In this contribution, we discuss the remaining issues and potential solutions for the utilization of hybrid CSI.
2. Discussion on hybrid CSI
As the number of TXRU increases to 32 for eFD-MIMO, for legacy Class A, the beam formed by Class A codebook becomes narrow, which causes the issue of robustness reduction. Moreover, the overhead of RS resource increases along with the increase of TXRUs. For legacy Class B, the precoding matrices for BF CSI-RS are acquired by implementation approaches. However, the precoding matrices are difficult to be acquired by implementation-only approaches when channel reciprocity is not available, e.g., in FDD systems. Hence hybrid CSI schemes are proposed to provide solutions to the problems of robustness enhancement and precoding acquisition for BF CSI-RS. 
Two eMIMO-Types exist in hybrid CSI schemes, i.e., the 1st eMIMO-Type and the 2nd eMIMO-Type. In RAN1#86, one mechanism is confirmed, and two other mechanisms are proposed according to [1]-[4]. Some existing issues still need to be discussed involved in these mechanisms. We discuss these remaining issues in this section. 
2.1 Remaining issues for mechanism 1

a) Relationship  between  RI(1) and RI(2)
According to RAN1#86, x-bit RI(1) is reported for the first eMIMO-Type. The following options have been proposed on the relationship between RI(1) and RI(2).
Opt-1: The 2nd eMIMO-Type inherits RI reporting from the 1st eMIMO-Type
Opt-2: The 2nd eMIMO-Type doesn’t inherit RI reporting from the 1st eMIMO-Type
The relationship between RI(1)  of the 1st eMIMO-Type and the  RI(2)  of the 2nd eMIMO-Type depends on UE capability. For the UE supporting 2 layers at most, RI(1) is not reported, whereas UE only calculate the codewords for RI(2)<=2. However, if the maximum number of layers UE supports is 8, and the value of RI(2) doesn’t inherit from RI(1), two issues can be identified. One issue is that there may be mismatch between RI(1) and RI(2), which would confuses the eNB about the rank of the channel. Inheriting RI reporting from the 1st eMIMO-Type for the 2nd eMIMMO-Type can fix this issue by making RI(1) and RI(2) aligned. The other issue is UE complexity. UE would search all the codewords from rank 1 to 8 for the 2nd eMIMO-Type if RI(1) is not used as prior information for RI(2). Hence inheriting RI reporting from the 1st eMIMO-Type for the 2nd eMIMMO-Type can also help to reduce UE complexity. 
Proposal 1: If UE supports up to 8 layer, the 2nd eMIMO-Type inherits RI reporting from the 1st eMIMO-Type. 
b) Feedback modes for the two eMIMO-Types

For the feedback on PUSCH, the legacy CSI reporting mechanisms can be reused with some refinements. Specifically, two options on A-CSI feedback are proposed. 
Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.
Option 2: UE reports either one of the 2 eMIMO-types.
As a matter of fact, the CSI-RS resources of the 1st and 2nd eMIMO-types have different subframe configurations, i.e., the configuration on periodicity and subframe offset. If UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type based one triggering signalling, the current timing relationship between triggering and CSI reporting may change. Moreover, for Option 1, if the CSI of both eMIMO-Types needs to be reported based on one triggering, the UE has large possibility to calculate the CSI of both eMIMO-Types at the same time, it would increase UE complexity on CSI calculation. Due to the fact that Option 2 has less spec impact and less UE complexity, we prefer Option 2 for PUSCH reporting. Further, if the both reports of the two eMIMO-Types are allowed on PUSCH, the UE complexity is high, which is a significant issue for hybrid CSI-RS in 1 CSI process. Thus we have the following proposal based on Option 2.
Proposal 2: For PUSCH-based A-CSI reporting, if aperiodic CSI reporting is triggered, UE reports either one of the 2 eMIMO-types, and the other eMIMO-Type can be reported through PUCCH.
2.2 Remaining issues for Proposal I and Proposal II
Besides the above mechanism, two more proposals are discussed in RAN1#86, i.e., Proposal I and Proposal II in [1]. a)  Approaches to reduce UE complexity for Proposal II
As we discuss above, UE complexity is a critical issue for configuring hybrid CSI in one CSI process. One approach to reduce UE complexity is to constrain UE only calculated one type of CSI at a time, which is proposed in [4]. Another approach which may has lower spec effort is to constrain the period of the 1st eMIMO-type. Hence the UE does not have to calculate the CSI for the 1st eMIMO-Type frequently. Another advantage to have the constraint for the period is to reduce the RS overhead. 

We conduct simulations to show the performance of different CSI-RS periods of the 1st eMIMO-Type. The results are collected in Table 1. In the simulation, the baseline is single NP CSI-RS with 5-ms period. The period of the BF CSI-RS is 5ms. It is observed in Table 1 that as the period of the NP CSI-RS increases, the performance of hybrid CSI do not reduces. In some cases, e.g., 10ms – 100ms, the performance is better as the overhead is lower than the 5-ms case. Hence the appropriate constraint on the CSI-RS period can not only reduce the UE complexity, but also improve the system performance. One simple approach to specify the constraint on the period NP CSI-RS is to set the period of the 1st eMIMO-Type as N times of the period of the 2nd eMIMO-Type, where N is chosen from a set of positive integer numbers. The network can just configure the period of the 2nd eMIMO-Type and the value of N to set the periods of both types of CSI-RS.
Table 1 Performance of different NP CSI-RS periods for hybrid CSI-RS

	
	T1=5ms

Baseline
	T1=5ms

Hybrid CSI-RS
	T1=10ms

Hybrid CSI-RS
	T1=20ms

Hybrid CSI-RS
	T1=50ms

Hybrid CSI-RS
	T1=100ms

Hybrid CSI-RS
	T1=200ms

Hybrid CSI-RS

	RU
	0.474
	0.478
	0.458
	0.446
	0.444
	0.457
	0.481

	Mean
	28.69
(0%)
	28.64
(-0.17%)
	30.27

(5.51%)
	31.15
(8.57%)
	31.18

(8.68%)
	29.94
(4.36%)
	28.29
(-1.39%)

	5%
	7.71

(0%)
	7.48

(-2.98%)
	8.21
(6.49%)
	8.64

(12.06%)
	8.83
(14.53%)
	8.49
(10.12%)
	7.38
(-4.28%)

	50%
	26.49
(0%)
	25.64
(-3.21%)
	27.97
(5.59%)
	28.57
(7.85%)
	28.78

(8.64%)
	27.03

(2.04%)
	24.84
(-6.22%)


Observation: Appropriate configuration on the hybrid CSI-RS periods can not only reduce the UE complexity, but also improve the system performance.
Proposal 3: Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1

· Configurable or fixed value of N needs to be specified

b)  Combination of Proposal I and II
The features of these two proposals are summarized in Table 2.

Table 2 Proposal I vs Proposal II

	Proposal
	Proposal I
	Proposal II

	1st eMIMO Type
	Class B,K>1
	No restriction

	CSI of 1st eMIMO Type
	Option 1: CRI is reported

Option 2: PMI assuming RI=1 for each of the two CSI-RS resources
	No restriction, i.e., allow CQI/PMI/RI/CRI

	2nd  eMIMO Type
	Class B,K=1
	No restriction

	CSI of 2nd  eMIMO Type
	CQI/PMI/RI
	CQI/PMI/RI

	CSI measurement and feedback Time 
	No restriction
	Only one eMIMO-Type is calculated at a time

	Feedback mode 
	No restriction
	Support PUCCH+PUSCH


Based on Table 2, it is seen that Proposal I and II do not have serious conflicts. In fact, Proposal I focuses on the CSI content for the two eMIMO-Types, whereas Proposal II focuses on the techniques increasing the CSI acquisition flexibility and reducing UE complexity for the hybrid CSI framework. Hence if we keep the CSI content for the two eMIMO-Types from Proposal I, and the approaches reducing UE complexity and increasing CSI acquisition flexibility from Proposal II, we have the following proposal.
Proposal 4: For hybrid CSI, 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

–
Different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH. Aperiodic CSI-RS can be supported at least for the aperidoic CSI reporting of the 2nd eMIMO-Type.

–
UE calculates one CSI report for only one eMIMO-Type of a pair at a time and one eMIMO-Type at a time

–
Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1


- Configurable or fixed value of N needs to be specified
3. Conclusion
In this contribution, we evaluate and discuss the remaining issues to support hybrid CSI. Base on the discussion, we have the following proposals and observation. 
Proposal 1: If UE supports up to 8 layer, the 2nd eMIMO-Type inherits RI reporting from the 1st eMIMO-Type. 
Proposal 2: For PUSCH-based A-CSI reporting, if aperiodic CSI reporting is triggered, UE reports either one of the 2 eMIMO-types, and the other eMIMO-Type can be reported through PUCCH.
Observation: Appropriate configuration on the hybrid CSI-RS periods can not only reduce the UE complexity, but also improve the system performance.
Proposal 3: Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1

· Configurable or fixed value of N needs to be specified

Proposal 4: For hybrid CSI, 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

–
Different CSI-RS resources and/or CSI reporting configurations can be used for PUCCH and PUSCH. Aperiodic CSI-RS can be supported at least for the aperidoic CSI reporting of the 2nd eMIMO-Type.

–
UE calculates one CSI report for only one eMIMO-Type of a pair at a time and one eMIMO-Type at a time

–
Define the period of CSI-RS associated with the 1st eMIMO-Type as N times of the period of CSI-RS associated with the 2nd eMIMO-Type, where N>1


- Configurable or fixed value of N needs to be specified
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Appendix 
Table A.1 Simulation parameters for Macro cell Scenario

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 7 sites, 3 Macro cells per site, geographical based wrap‑around

	Channel Model
	3D UMi ISD 200

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	3D UMI ISD 200: 41 dbm

	UE Speed
	3km/h

	Antenna configuration
	Transmitter: （M,N,P,Q）=（4,4,2,32）
Receiver: 2Rx cross-polarized antenna at UE

	Antenna element spacing
	(dV,dH)=( 0.8λ, 0.5λ,)

	CQI/PMI reporting interval and frequency granularity
	Baseline: 5ms for Class A CSI,6RB

Hybrid CSI :5~200ms for Class A, WB

                 5ms for Class B CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, 

PMI feedback

	Delay for scheduling and AMC
	6ms

	Scheduler
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	Non-ideal modeling of channel estimation error modeling 
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