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Introduction
In RAN1#86 meeting, the following agreements were made for advanced CSI reporting in eFD-MIMO [1].
Agreement:
· Specify CSI feedback enhancement with the following advanced CSI feedback framework:
· Reduced space (eigenvectors)/W1 is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Orthogonal basis (e.g. orthogonal DFT matrix)
· Alt2. Non-orthogonal basis (e.g. Rel.13 Class A W1 for rank-1 and/or 2)
· Reduced space representation/W2 is to further combine selected beams
· Granularity of weighting(phase and/or amplitude) can be either wideband only or wideband/subband, and is constructed based on one of the following alternatives (TBD RAN1#86bis):
· Alt1. Phase and amplitude
· Alt2. Phase-only weighting
· How the enhanced framework can be applicable for Class A and/or Class B eMIMO-Types is FFS
· FFS: How to handle the relationship between advanced CSI feedback and legacy CSI feedback framework
· Companies are encouraged to provide results comparing the above alternatives, considering a mix of smaller and larger numbers of ports within the following antenna port configurations
· {4,8,12,16,20,24,28,32} ports
· Focus on rank<=2 scenario MU-MIMO for evaluation
· Feedback overhead needs to be taken into account
· For {4,8,12,16, 20,24,28,32}-port scenario, companies are encouraged to compare their proposals to dual-stage codebook enhancement with increased number of beams in W1 
In this contribution, we will discuss the un-quantized analog CSI feedback and present the performance evaluation results.
Discussion
In [2], a novel design of analog CSI feedback was proposed. A brief summary of the corresponding design in presented the following part. Firstly, the downlink channel observed by UE was firstly transformed by SVD to obtain its eigenvectors. Then the UE modulates each element of the eigenvector on a series of ZC sequence, and mapping into a RB with structure like PUCCH format 2. Multiplexing of multiple subband channels feedback, or multiple user feedback can be supported by using cyclic shifts or frequency domain multiplexing.
The merit of such analog CSI feedback design discussed in [3] is summarized. Firstly, comparing with quantization based explicit feedback schemes, analog CSI feedback carry the downlink channel or eigenvectors observed from CSI-RS without quantization loss. Secondly, comparing with SRS feedback in TDD, no uplink Tx switching is needed since multiple eigenvectors is carried on a single uplink channel. Thirdly, no UE processing is required to obtain the selected PMI, as comparing with implicit CSI feedback approaches.
For analog CSI feedback, the received channel or the derived eigenvector is directly feedback without quantization. The non-constant amplitude characteristic of eigenvectors makes the SNR observed on each element varying under the same interference level. Additionally, if multiple channel elements are feedback in one RB using different cyclic shift will decrease the transmission power for each elements thus the received SNR. Since the eNB will use the demodulated symbol for determining the precoding vector, the recovered channel eigenvector may include both downlink and uplink channel estimation error thus degrading the MU performance. Therefore, it is expected that the performance of analog CSI feedback is highly dependent on both DL and UL SINR.
Next, we will evaluate the performance of analog CSI feedback, by conducting with system level simulations. 4Tx with Rel.12 codebook configuration is selected as a baseline. The advanced implicit CSI feedback using linear combination codebook and the ideal CSI feedback are also evaluated and compared to the analog CSI feedback. To model the impact of uplink CE error, different uplink pilot SINR level of 6dB, 9dB, 12dB are considered for analog CSI feedback. For simplify, uplink transmission power outage is not modelled. Therefore we assume all the UEs in the cell have the similar UL SINR.
Table 1: Performance of analog CSI feedback under UL interference
	
	UE burst rate(Mbps)
	burst rate gain over baseline

	
	cell edge
	cell median
	cell average
	cell edge
	cell median
	cell average

	Rel.12 4 port (baseline)
	4.65
	16.26
	21.31
	
	
	

	ideal CSI feedback
	6.03
	19.90
	24.57
	29.7%
	22.4%
	15.3%

	Analog CSI, 6dB UL SINR
	4.26
	15.75
	20.79
	-8.4%
	-3.1%
	-2.4%

	Analog CSI, 9dB UL SINR
	4.86
	17.39
	22.49
	4.5%
	7.0%
	5.5%

	Analog CSI, 12dB UL SINR
	5.99
	19.70
	24.53
	18.8%
	13.9%
	10.1%

	Advanced implicit CSI
	5.22
	17.17
	22.22
	12.2%
	5.6%
	4.2%



It is observed that under low interference level, e.g., UL SINR 12dB, the analog CSI feedback slightly outperforms advanced implicit codebook based on beam combing significantly due to channel quantization loss advanced for codebook. Nevertheless, the performance of analog CSI feedback degrades with the increasing level of interference, as the feedback eigenvector is severely damaged by uplink channel estimation error.  For high interference level, e.g., 6dB UL pilot SNR, the performance is even worse than baseline performance. 
Observation: The analog CSI feedback is sensitive to uplink interference and requires very high SINR. 
In addition to the issue of sensitivity to uplink SINR, there are also following issues for analog CSI feedback. 
· Complicated design of joint feedback of CQI/PMI/RI
Analog CSI feedback requires also to report the quantized CQI/RI. In current specification, for aperiodic CSI feedback on PUSCH, both CQI, RI and PMI can be carried within one PUSCH block. If the unquantized eigenvector and quantized RI/CQI are jointly reported in one subframe, how to feedback these CSI is not a trivial work. A new uplink feedback channel design is thus needed which may require lots of specification work.
· Uplink PAPR 
The transmission of multiple elements of eigenvector in one symbol may increase the PAPR since the construction can be positive if the phase of all the elements are close. The increase of PAPR shall be evaluated in terms of the number of elements multiplexed in one symbol.
· More RAN4 testing issue
[bookmark: _GoBack]It also needs to keep in mind that RAN4 testing for explicit CSI feedback, especially the analog CSI feedback would require much more standardization effort than what is expected.  
Based on the above discussion and observations, we thus propose:
Proposal: Advanced CSI feedback will not be supported in Rel.14.
[bookmark: _Ref378529477]Conclusions
In this contribution, we present our analysis and views on analog CSI feedback. Ideally the analog CSI feedback may improve system performance due to no quantization loss, but suffer from channel estimation error. Therefore, the robustness under high interference level needs to be improved. In addition, more design issues needs to be resolved for the analog CSI. Therefore we make the following proposals.
Proposal: Advanced CSI feedback will not be supported in Rel.14.
References
[1] 3GPP Chairman's Notes RAN1_86 
[2] R1-162595 Discussion on analog CSI feedback, Huawei, HiSilicon
[3] R1-164097 Discussion and evaluation of analog CSI feedback, Huawei, HiSilicon





2/3
