3GPP TSG RAN WG1 Meeting #86bis
R1-1608597
Lisbon, Portugal, October 10th-14th, 2016
Agenda Item:
7.2.2.1.1
Source:
Huawei, HiSilicon
Title:
Overview of advanced CSI feedback for LTE 
Document for:
Discussion and decision 
1 Introduction

In 3GPP RAN1#86 meeting, advanced CSI reporting and interference measurement were discussed and the followings were agreed [1]:
· 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
In addition, interference measurement schemes were discussed, and achieved the following conclusions
· Whether the need of interference measurement enhancement in Rel-14 shall be decided in next meeting. 

· If needed, one or more schemes shall be supported in Rel 14.  Possible schemes are:

· Definition and configuration of a new type interference measurement 

· Interference measurement is based on cancellation of intended signals

· Both inter-cell and intra-cell interference should be captured

· FFS NZP CSI-RS or DMRS as CSI-IM or PDSCH

· Definition and configuration of a new type interference measurement

· Only intra-cell interference to be measured using NZP

· Aperiodic CSI-IM, based on 

· The existing CSI-IM

· The new CSI-IM type (see above, if specified).

· New UE measurement behavior for CQI reporting based on DMRS ports when corresponding PDSCH is transmitting.

· If needed, L1/RRC signaling to assist UE interference measurement

· Other schemes are not excluded.

This contribution presents our overview on advanced CSI and interference measurement enhancement. The motivation behind these enhancements and possible schemes will be discussed.
2 Review of LTE MIMO CSI Acquisition
2.1 CSI feedback mechanism
The CSI feedback mechanisms have been discussed extensively in LTE-A to effectively support down-link MIMO and CoMP operations. Uplink sounding and codebook based feedback have been specified in LTE since Rel-8 and a lot of enhancements have been made thereafter. 
Uplink sounding reference signal transmitted by UE can be detected by eNB for downlink channel information estimation thanks to channel reciprocity principle provided with eNB uplink and downlink calibration. UE specific aperiodic sounding was introduced in Rel-10 and sounding capacity was enhanced in Rel-13. However, performance of channel estimation from sounding reference signal degrades dramatically for power-limited scenario especially when wideband sounding is used.  
Codebook based feedback is generally robust to low SINR. However, MIMO performance of codebook based feedback is very sensitive to quantization accuracy. Two-stage codebook was introduced in LTE Rel-10 to improve feedback accuracy. The improved feedback accuracy also means bigger codebook to design, more uplink feedback bits and larger UE CQI/PMI/PI derivation complexity. Moreover, state-of-the-art vector quantization in LTE (DFT codebook) is still designed and optimized with the assumption of simplified “one cluster” propagation channel modeling. Given as many as 20 clusters are usually needed to reflect real world propagation channel with angle and delay spread [2-3], it means accuracy of DFT codebook is further limited by the coarse “one cluster” modeling itself.  In other words, simple extension of DFT codebook with more oversampling DFT beams will not help MIMO performance when number of DFT beams in the codebook is already enough. 

Figure 1: Channel modeling with multiple clusters
2.2 Interference measurement
Interference measurement is crucial to link adaptation quality. It is a very important part of CSI feedback framework. Unfortunately, interference measurement has not been specified until LTE Rel-11. Whether interference measurement is based on reference signal (CSI-RS/DMRS/CRS) or PDSCH is left for UE implementation. The timing relationship between interference measurement and reporting is also not strictly specified, which may lead to link adaptation mismatch. In Rel-11, IMR (Zero power CSI-RS) was specified for interference measurement. In Rel-13, measurement restriction for both channel and interference was also introduced.  To some extent, those enhancements help eNB choose more suitable MCS levels to UE.
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Figure 2: Interference measurement probing with IMR
In spite of the specified interference measurement mechanisms and timing relationship between measurement and reporting, link adaption still suffers from mismatch between measurement time and reporting time due to the dynamic variation of inter- and intra-cell interference. One way to mitigate this mismatch is to probe the interference of subframe n+L with small amount of resource at subframe n by mimicking scheduling of subframe n+L. Figure 2 shows this interference measurement probing mechanism with IMR. It can be seen M times more interference measurement overhead than TM10 single cell MIMO with only 1 IMR.
3 Overview for Advanced CSI Feedback in LTE Rel-14
3.1 Advanced CSI feedback

3.1.1 Space reduction
One of the agreements from RAN1#86 meeting is to specify CSI feedback enhancement based on orthogonal or non-orthogonal basis with a reduced space. The channel coefficients can be represented by combining columns of associated basis with particular weighting factors, which are constructed based on phase only or both phase and amplitude.
Assuming that B is one chosen basis and c is the weighting factor to be reported to eNB for channel coefficients recovery, the channel coefficients v can then be represented as 
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As we pointed out, if the channel coefficients v represents eigenvector, reduced space basis B and representation c are equivalent to W1 and W2 of enhanced codebook.  
If the basis of B is constructed by non-orthogonal vectors, i.e. Rel.13 Class A W1, the matrix of B will be ill conditioned. The derivation of c by some methods, e.g. by  
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, will introduce enhanced noise. Consequently, the estimated weighting factors c will be severely polluted by the enhanced noise, and then the accuracy of channel state information will be degraded. 
Using orthogonal basis can avoid the noise enhancement issue that inherited in non-orthogonal basis. The reduced space representation c can be easily obtained by 
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. Therefore, the orthogonal basis is better choice to well represent channel coefficients. Furthermore, the representation efficiency (such as number of columns needed in B, weighting factor structure) depends on orthogonal basis design. The related discussion can be found in our companion contribution [4]. 
Proposal 1: Specify advanced CSI based on orthogonal basis. 
3.1.2 CSI reporting
Based on the selected basis, UE needs to derive proper weighting factor. The weighting factor can be quantized or un-quantized. The channel representation, i.e. eigenvector of channel estimates, is reported to eNB with n bits quantization value. The quantized weight can be coded and modulated in the same way as legacy uplink control data, which may have less impact on specification. Un-quantized CSI feedback can be treated as high resolution quantized feedback, which provides much more accurate channel state information to eNB for better precoder selection and MU pairing. 
One concern of un-quantized feedback is that it consumes much more uplink resource to feedback the weighting factors. However, in the case of limited number of effective antenna ports, such as 4 ports or 4 ports after space reduction, the overhead of carrying un-quantized channel coefficients is actually in an comparable level comparing to legacy codebook based feedback [5]. Thus un-quantized CSI feedback should be specified at least for 4 antenna ports considering large performance gain provided. On the other hand, in certain scenario, i.e. high order MU pairing, in order to achieve reasonable performance gain, high quantization resolution maybe needed in quantized feedback for weighting factors. Via new uplink channel design, un-quantized CSI feedback can be reported more efficiently than quantized CSI feedback, when the number of quantization bits exceeds a certain threshold, i.e. 240 bits [6]. Taking both pros. and cons. into account, both quantized and un-quantized channel coefficients feedback should be specified in Rel-14, where un-quantized CSI feedback can be specified for low dimension antenna ports (with or without space reduction) and also for the case where large number of quantization bits would be needed for quantized feedback.
Proposal 2: Specify both quantized and un-quantized CSI feedback for LTE Rel-14, where un-quantized CSI feedback can be used when any following conditions is satisfied
·  4 or 8 antenna ports
·  number of quantization bits exceeds some thresholds, i.e. 240 bits
3.1.3 Reduced space representation
For a given basis B, the channel representation c can be constructed based on phase only or both amplitude and phase. It is well known that advanced CSI is to capture more channel transmission paths.  As shown in Figure 3, the propagation paths comprise of four rays corresponding to one line of sigh path, and three reflection paths. To better reflect the channel propagation characteristic, the selected basis should cover the space that channel paths are distributed. Obviously, phase only based channel representation treats channel paths equally distributed in basis B spanned space. It is not true since usually the channel paths are exponential attenuated in power. Thus both phase and amplitude feedback should be supported for reduced space representation.
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Figure 3. Beam space MIMO based codebook structured for beamformed CSI-RS 
Proposal 3: Support to construct reduced space representation based on both amplitude and phase 
3.2 Interference measurement enhancement

Since interference measurement is crucial to link adaptation quality, both inter-cell interference and MU interference should be accurately captured. As discussed, the obvious disadvantage of IMR based interference measurement specified in Rel-11 is huge overhead. However, if NZP CSI-RS can be allowed for probing interference of upcoming L subframes, overhead can be greatly reduced as shown in Figure 4. You may find detailed discussion in [7].
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Figure 4:  Interference measurement probing with NZP CSI-RS
The other candidate is to use DMRS for interference/CQI measurement enhancement. If the MU paired PDSCHs scheduled on current subframe is same to upcoming L subframes, the interference/CQI can be accurately obtained. However in practice, it is hard to predict that subframe n and subframe n+L have the same scheduling unless restriction is imposed on scheduler. It is well known that scheduling restriction usually impacts the system performance especially for burst traffic. Thus DMRS based interference measurement should be studied carefully to address the mentioned issue.

The other candidate proposes to specify aperiodic CSI-IM based on existing CSI-IM or new defined one. For each UE, one CSI-IM resource is configured semi-statically, while its activity is on demand. Once the intended UE is going to be scheduled for MU, the aperiodic CSI-IM will be triggered, and the CSI-RS of the paired UE will be transmitted on associated CSI-IM resource. Via measurement on aperiodic CSI-IM, the intended UE can obtain the accurate MU interference. Compared with NZP CSI-RS based interference measurement, one issue of aperiodic CSI-IM is the resource consuming. It requires M CSI-IM resources to be active in one subframe if eNB is to schedule M UEs for MU. 

Therefore we propose to specify NZP CSI-RS as the new CSI-IM for interference measurement enhancement.      

Proposal 4:   Specify NZP CSI-RS as the new CSI-IM for efficient and accurate interference measurement, where

· Both inter-cell and intra-cell interference should be captured

· Interference measurement is based on cancellation of intended signals
4 Conclusions
In this contribution, the overview of advanced CSI feedback for LTE is discussed. MIMO feedback mechanisms and interference measurement schemes are firstly reviewed in LTE and literature. The schemes of advanced CSI feedback for LTE in Rel-14 are then discussed, including necessity of orthogonal basis for advanced CSI, new feedback mechanism of un-quantized CSI as well as enhanced interference measurement. Based on the discussion, we have the following proposals
Proposal 1: Specify advanced CSI based on orthogonal basis. 

Proposal 2: Specify both quantized and un-quantized CSI feedback for LTE Rel-14, where un-quantized CSI feedback can be used when any following conditions is satisfied
·  4 or 8 antenna ports

·  number of quantization bits exceeds some thresholds, i.e. 240 bits
Proposal 3: Support to construct reduced space representation based on both amplitude and phase
Proposal 4: Specify NZP CSI-RS as the new CSI-IM for efficient and accurate interference measurement, where
· Both inter-cell and intra-cell interference should be captured

· Interference measurement is based on cancellation of intended signals
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