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1. Introduction
In RAN1#85, the following working assumption is achieved on hybrid CSI-RS [1][2].
· 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
· Notes:

· This does not preclude the possibility of specifying a new eMIMO type in Rel-14 and the use of this new type for Hybrid CSI reporting 

· Down-selection (if any) between the two enhancements will be decided in RAN1#86
In this contribution, we discuss the issues and potential solutions for the utilization of hybrid CSI-RS.
2. Discussion on hybrid CSI-RS
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 may cause the problem of robustness reduction. Moreover, the overhead of reference 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-RS 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-RS schemes, i.e., the 1st eMIMO-Type and the 2nd eMIMO-Type. In RAN1#85, potential mechanisms for hybrid CSI-RS are proposed in [2]. Among all these mechanisms, the following remaining issues can be identified. 
a) The number of CSI  processes
The following alternatives have been proposed
Alt-1: Configure the 1st and the 2nd eMIMO-Type  in one CSI process

Alt-2: Configure the 1st and the 2nd eMIMO-Type  in two CSI processes

Whether the 1st and the 2nd eMIMO-Type should be configured in 1 CSI process or 2 CSI processes depends on UE capability. For TM10 UEs, as the configuration of two CSI processes is supported, the independent configuration of each eMIMO-Type in each process can implement hybrid CSI-RS. This approach is already supported by Rel-13. For TM9 UEs, the 1st and the 2nd eMIMO-Type should be configured in 1 CSI process. Moreover, the UE is required to measure and feedback two sets of CSI-RS resources although this UE only has the capability for one CSI process. Hence some techniques or constraints need to be specified to reduce UE complexity. 
Proposal 1: Adopt Alt-1 for TM9 and Alt-2 for TM10. 

· Techniques or constraints need to be specified to reduce UE complexity at least for Alt-1.

b) Feedback modes for the two eMIMO-Types

The following combinations of feedback modes are proposed for the two eMIMO-Types.

Combination 1: PUCCH for the 1st and 2nd eMIMO-Type.

Combination 2: PUCCH for the 1st eMIMO-Type and PUSCH for the 2nd eMIMO-Type

For the feedback of the 1st eMIMO-Type, long-term information is reported. Hence the CSI reported in PUCCH can achieve better reliability as the MCS used in PUCCH is more robust. However, since the 2nd eMIMO-Type is BF CSI-RS, the UEs with different non-orthogonal beams usually do not share the same CSI-RS resource in one TTI when MR is on. If PUCCH is used for the 2nd eMIMO-Type report, i2/CQI/RI should be divided into 2-3 report types and fed back in different TTI. Moreover, as CQI/i2 is computed based on RI, the beam should not change during the period of RI, which may harm the flexibility of UE scheduling. If the 2nd eMIMO-Type report is fed back in PUSCH, the whole report can be done within one TTI. Hence the beam used for BF CSI-RS can be different in different TTI, which endows UE scheduling and beam refinement more flexibility. Moreover, if the reports of the two eMIMO-Types are allowed on both PUCCH and PUSCH, the UE complexity is high, which is a significant issue for hybrid CSI-RS in 1 CSI process as elaborated above.
Proposal 2: Support configurable feedback modes including Combination 1 and Combination 2 for hybrid CSI-RS.

c) CSI feedback of the two eMIMO-Types
Two options on the CSI feedback have been proposed. 
Opt-1: Enable the report of i2/CQI in the 1st eMIMO-Type
Opt-2: Disable the report of i2/CQI in the 1st eMIMO-Type

The main reason for Opt-2 is to reduce the feedback overhead. However, if the CSI feedback of one of the eMIMO-Types fails, eNB cannot accomplish the data transmission with good performance just based on fragile CSI. Moreover, if the feedback for one of the CSI is aperiodic, the acquired CSI is not complete either in the case that the report of the aperiodic CSI is not triggered. On the other hand, for Opt-2, the report of CQI/i1 can be turned on or off to reduce the overhead. Moreover, the network can have more flexibility to do beam configuration for the BF CSI-RS with CQI and i2.
We conduct a simulation to show the benefit of enabling/disabling i2 report. The following schemes are compared.
Scheme 1: Hybrid CSI-RS with NP CSI-RS and BF CSI-RS. eNB configures the beams for BF CSI-RS based on the beam group indicated by i1.

Scheme 2: Hybrid CSI-RS with NP CSI-RS and BF CSI-RS. eNB configures the beam for BF CSI-RS based on the finer beams around the beam indicated by i1 and i2.

It is observed in Table 1 that Scheme 1 and 2 have almost the same mean throughput. However, Scheme 2 has better the 5% throughput than Scheme 1. Hence if the eNB turns on the report of i2 for specific UEs, more performance gain can be achieved for them.
Table 1 System performance comparison between schemes w/ and w/o i2 for the 1st eMIMO-Type
	3D-Umi, FTP service,  (N1, N2, O1, O2) = (4,4,8,8)

	
	RU
	Mean
	5%
	50%

	Scheme 1
	0.558
	23.75（100%）
	2.72（100%）
	20.31（100%）

	Scheme 2
	0.549
	24.05（101.2%）
	2.85（104.7%）
	20.64（101.6%）


Proposal 3: eNB can configure to enable/disable the report of CQI/i2 for the 1st eMIMO-Type semi-statically. 

d) Approaches to reduce UE complexity
As we discuss above, UE complexity is a critical issue for configuring hybrid CSI-RS 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 2. 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 2 that as the period of the NP CSI-RS increases, the performance of hybrid CSI-RS 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 2 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 4: Define 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.
3. Conclusion
In this contribution, we evaluate and discuss the possible schemes to support hybrid CSI-RS. Base on the discussion, we have the following discussions and observation. 
Proposal 1: Adopt Alt-1 for TM9 and Alt-2 for TM10. 

· Techniques or constraints need to be specified to reduce UE complexity at least for Alt-1.

Proposal 2: Support configurable feedback modes including Combination 1 and Combination 2 for hybrid CSI-RS.

Proposal 3: eNB can configure to enable/disable the report of CQI/i2 for the 1st eMIMO-Type semi-statically. 

Observation: Appropriate configuration on the hybrid CSI-RS periods can not only reduce the UE complexity, but also improve the system performance.
Proposal 4: Define 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.
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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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