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1. Introduction
In RAN1#86, RAN1 decided to specify advanced CSI feedback enhancement framework with enhanced W1 and/or enhanced W2. In this contribution, we discuss the feedback overhead of linear combination/reduced space based codebook and corresponding feedback mechanism to reduce overhead.
2. Feedback overhead analysis and feedback mechanism
2.1 Feedback overhead analysis
The CSI feedback of LC codeword involves beam selections, amplitude coefficients and phase coefficients for different polarizations and different layers. We analyze the feedback overhead of our proposed scheme as following.
· Beam selection


For the issue of beam selection, we proposed restricted orthogonal beams as the combination beams [1], which is quite similar to the design of rank 3 and higher codebook in Rel-13. Specifically, after UE calculates the best i11 and/or i12 based on channel quality, UE will select the best beam group out of M pre-defined orthogonal beam groups and calculate corresponding weighted coefficients. The feedback overhead of proposed scheme is +. In our design, the value of M is not greater than 4. Take (N1, N2, O1, O2) = (4, 4, 8, 4) for example, the feedback overhead is 11 bits, which does not exceed the maximum wideband feedback overhead in Rel-13. 
Proposal 1: Support beam selection with pre-defined orthogonal beam selection pattern.
· Weight coefficients



For LC CSI, there are  amplitude coefficients and  phase coefficients to be fed back for each layer. Assume that 2 bits and 3 bits are used to quantize each amplitude coefficient and phase coefficient, respectively. Then the feedback overhead for a rank 2 codeword can be calculated as bits.
Let us consider the amplitude coefficients first. Regarding the feedback overhead and performance of amplitude overhead, the following issues need to be studied. 
1. Whether amplitude should be reported
2. Wideband or sub-band
3. Whether to use same amplitude for two layers
We simulated all these possible schemes, the results are shown in Figure 1. For the proposed scheme, we pre-define 4 orthogonal beam groups and each group contains 3 beams. It can be seen from the simulation results that using wideband amplitudes causes marginal mean performance gain loss and about 8%~10% cell edge performance loss compared with sub-band feedback. For the case that two layers share the same amplitude feedback, the mean performance loss is not large, but cell edge performance suffers significant loss. Compared with legacy Class A, the performance gain is still large even two layers share the same amplitude. For the phase-only scheme, about 10% mean performance loss and at least 20% cell edge performance loss observed compared with legacy codebook.
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Figure 1 Performance comparison among different amplitude feedback schemes
For the phase feedback, as pointed out in several contributions, it should be reported in sub-band. In fact, phase feedback requires more feedback overhead in the LC based CSI. Hence the overhead reduction for phase feedback needs to be studied. One approach is to allow unequal feedback bit allocation for the selected beams. Specifically, for the weaker beams in the beam group, they can be allocated fewer feedback bits. By doing this, the performance is not degraded significantly, but the feedback overhead is reduced. Another approach is to allow the same coefficients feedback for different layers. We compare the performance of the LC feedback with the same coefficients for two layers and the legacy Class A codebook in Figure 2. It can be observed that, mean performance does not improve with only one layer coefficient feedback in both 16Tx and 32Tx systems, however , we can still have significant cell-edge performance gain. It means that this scheme may not be helpful to the performance of centre users, whereas it is quite beneficial to cell edge users. Therefore, from performance and feedback overhead aspects, eNB can configure UE to feed back only one layer coefficients or whole coefficients.
Based on above discussion, in order to reduce feedback overhead, we have the following proposals.
Proposal2: Both amplitude and phase coefficients should be contained in the LC CSI feedback.
· Amplitude feedback should be allowed to be wide-band.
· Unequal feedback bit allocation for coefficients of the selected beams should be supported.
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]eNB can configure UE to feed back only one layer coefficients or whole coefficients.
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Figure 2 Performance comparison of different schemes in different antenna system
2.2 Feedback mechanism
Based on above discussion and simulation results in [1], the amplitude coefficient for each beam can be fed back in wideband, whereas the phase coefficients should be fed back in sub-band. We can summarize the feedback overhead of beam selection, phase coefficients and amplitude coefficients as in Table 1.
Table 1. Maximum overhead calculation of proposed scheme
	Feedback granularity
	Components
	Overhead
	Assume that K=3, (N1,N2,O1,O2) = (4,4,8,4)

	Wideband
	Beam selection
	

	11 bits

	
	Amplitude coefficients
	

	20 bits for two layers

	Sub-band
	Phase coefficients
	
 per sub-band
	30 bits per sub-band for two layers


It can be seen from Table 1 that beam selection overhead is not larger than 11 bits which means that it can be accommodated by one report instance in PUCCH format 2. As for amplitude coefficients and phase coefficients, it seems that it is relative large to carry by PUCCH format. Therefore, PUSCH can be considered to support such large payload.  Hence one possible feedback mechanism is to allow beam information fed back in both PUCCH and PUSCH, whereas coefficients feedback can only be reported in PUSCH.
Proposal 3: Allow beam information fed back in both PUCCH and PUSCH, whereas coefficients feedback can only be reported in PUSCH.
3. Conclusions
In this contribution, we discuss the feedback overhead of LC codebook and analyze throughly on overhead reduction. Based on the above considerations, we have made the following proposals.
Proposal 1: Support beam selection with pre-defined orthogonal beam selection pattern.
Proposal2: Both amplitude and phase coefficients should be contained in the LC CSI feedback.
· Amplitude feedback should be allowed to be wide-band.
· Unequal feedback bit allocation for coefficients of the selected beams should be supported.
· eNB can configure UE to feed back only one layer coefficients or whole coefficients.
4. Proposal 3: Allow beam information fed back in both PUCCH and PUSCH, whereas coefficients feedback can only be reported in PUSCHReference
[1] R1-1611426, “Furthur discussion on the design of linear combination codebook”, ZTE Corporation, ZTE Microelectronics.
5. Appendix
	System level simulation parameters

	Scenarios
	3D-UMi 200m ISD

	Antenna Configurations
	2x1 virtulization with 130° tilt

	Antenna Spacing
	(dV,dH)=( 0.8λ, 0.5λ)

	Number of UE antenna
	2Rx cross-polarized antenna

	Traffic model
	FTP 1 with packet size 0.5M byte

	OLLA
	Target at 10% BLER

	CSI-RS
	Period is 5 ms and overhead is accounted.  

	Codebook
	Extension of Rel-13 Class A codebook

	HARQ
	Max 4 retransmissions

	Transmission rank
	1 or 2

	SU/MU pre-coding
	BD

	Scheduling
	Proportional fair, up to 2 UEs, up to 2 layers

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, Ideal channel covariance /PMI feedback

	Delay for scheduling and AMC
	6ms

	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 is used, based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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