Page 1

[bookmark: _GoBack]3GPP TSG-RAN WG1 #81 	R1-152793
25th – 29th May 2015
Fukuoka, Japan

[bookmark: Source]Agenda item:	6.2.5.2.1
Source: 	Qualcomm Incorporated
Title: 	Discussion on CSI-RS and feedback enhancements
[bookmark: DocumentFor]Document for:	Discussion/Decision
Introduction
In RAN1#80, several potential enhancements targeting 2D antenna array are discussed [1].  Five high-level categories of CSI-RS and feedback enhancements were agreed in principle:
· Category 1: Enhancements related to beamformed CSI-RS-based schemes
· Category 2: Enhancements related to non-precoded CSI-RS-based schemes
· Category 3: Enhancements related to schemes based on hybrid beamformed CSI-RS and non-precoded CSI-RS
· Category 4: Enhancements related to non-codebook based CSI reporting for TDD
· Category 5: Enhancements related to SRS
In RAN1#80bis, several way forwards on CSI enhancements were discussed and a merged way forward [2] was agreed in principle, where some detailed schemes associated with Category 1, 2 and 3 were listed. In this contribution, we discuss some general aspects of Categories 1 and 2 enhancements. 
Equivalency between beamformed- and non-precoded CSI-RS-based schemes
For non-precoded CSI-RS-based enhancement, one possible design option is to extend the Rel-10/Rel-12 dual codebook structure.  The rank-r precoding matrix W is the product of two matrices, W1 and W2. The first matrix W1 defines a grid of beams,

where  and  are matrices with columns taking from oversampled DFT matrices.  The Kronecker product of two matrices of  and  can be written as

The product of the MIMO channel and the overall precoder can then be written as 

If a single vertical beam is selected in W2 then

It is easy to see from 
that the selected vertical beam serves to transform the unprecoded full channel to a precoded partial channel . This indicates the equivalency of the overall precoding matrix of the beamformed- and non-precoded CSI-RS-based schemes. In other words, the beamformed CSI-RS based scheme is a special implementation of the non-precoded CSI-RS where vertical beamforming is based on a predetermined weight vector and transparent to UE. 
The above observation is based on the assumption that a single vertical beam is selected in W2. If multiple vertical beams are selected, e.g., a grid of beams, , to beamform the CSI-RS, the aggregated effective channel of multiple beamformed CSI-RS resources is equivalent to the effective channel  of the non-precoded CSI-RS based schemes. 
Although beamformed- and non-precoded CSI-RS-based schemes are equivalent in effective precoded channel, there are some differences in terms of beamforming granularity, precoding flexibility, sensitivity to channel estimation error and CSI feedback. 
· Beamforming granularity – For non-precoded CSI-RS-based schemes, the vertical beamforming granularity is limited by the vertical codebook size. Typically, an oversampling factor 2 or 4 is used to increase the spatial resolution of the precoding vector. As a result, the number of vertical beams is substantially larger than the number of vertical antenna ports. For beamformed CSI-RS-based schemes, due to the limitation of the available CSI-RS resources and CSI-RS configuration, the number of CSI-RS beams is typically smaller than the number of vertical antenna ports. Therefore, the non-precoded CSI-RS based schemes can offer finer spatial resolution for elevation beamforming over the beamformed CSI-RS based schems. 
· Precoding flexibility – For non-precoded CSI-RS-based schemes, the elevation beamforming vector may be selected from DFT based precoders, however, for beamformed CSI-RS-based schemes the CSI-RS beamforming is implementation specific and transparent to UE. Not only the DFT based precoders but also other types of precoders such as non-constant modulus precoder can be used. This provides sufficient flexibility to support any antenna array configuration with different number of vertical antenna elements and spacing configuration.
· Sensitivity to channel estimation error – Non-precoded CSI-RS-based schemes may be more sensitive to channel estimation error, since there’s no beamforming gain on CSI-RS. Although the SINR on CSI-RS can be improved by power boosting, there’s a max 6dB restriction as per RAN4’s suggestion [3]. Beamformed CSI-RS-based approach, on the other hand, may be more robust to channel estimation error due to the beamforming gain over multiplex TXRUs. 
· CSI feedback – For beamformed CSI-RS based schemes, UE may be configured with one or multiple beamformed CSI-RS resources. The beam index selection can be based on either long-term CSI-RSRP or short-term spectrum efficiency associated with the selected codebook. For non-precoded CSI-RS, the vertical beam/codebook is jointly selected with the horizontal beam/codebook based on the spectrum efficiency. For a large codebook size of W1 and W2, this will greatly increase UE complexity for PMI determination. In addition, for beamformed CSI-RS based schemes, the horizontal GoB, , for wideband precoding can be different for each selected CSI-RS resource, but for non-precoded CSI-RS a single  is used due to KP type W1 design. It needs to be investigated whether this constraint would have an impact on the precoding performance in some scenarios, e.g. with large ESD. 
Observation 1: Non-precoded CSI-RS-based scheme and beamformed CSI-RS-based scheme are equivalent in terms of effective precoded channel.
Observation 2: Beamformed CSI-RS based schemes may be limited by the vertical beamforming granularity due to available CSI-RS resources.
Observation 3: Beamformed CSI-RS based schemes offer more flexibility for vertical precoding and CSI feedback and moderate UE complexity than non-precoded CSI-RS based schemes, and also less sensitive to channel estimation error. 
CSI-RS enhancements for beamformed- and non-precoded CSI-RS-based schemes
Both beamformed and non-precoded CSI-RS based schemes may need some CSI-RS enhancements, such as increasing the maximum number of NZP CSI-RS ports (>8) per CSI process. In Figure 1, the existing Rel-10/11/12 CSI-RS patterns are depicted where max 40 ports per RB pair per subframe can be configured. Therefore, for non-precoded CSI-RS design multiplexing 64 CSI-RS ports per one RB pair within a single subframe cannot be supported with existing CSI-RS pattern. As discussed in several contributions, one possible solution is to time spread of CSI-RS ports into multiple subframes each with max 32 CSI-RS ports. However, there is phasing drifting between CSI-RS ports in different subframes. If the phase offset cannot be estimated and compensated by the UE, the reported PMI could be wrong resulting in a certain performance loss. In addition, for 16 and 32 CSI-RS port multiplexing in one RB pair, if max 6 dB power boosting is considered then CSI-RS ports may not be transmitted with full power utilization and there are 3dB and 6dB power loss respectively. It is noted also there is phase drifting issue for 16 and 32-ports CSI-RS configuration in one RB pair. To minimize the impact of phase drifting, it is preferred to map the CSI-RS ports to continuous OFDM symbols but this is not supported by the existing CSI-RS patterns. [image: ]
Figure 1. Rel-10/11/12 CSI-RS patterns in a RB pair
For beamformed CSI-RS design, it is feasible to support 32 and 64 or more CSI-RS ports configuration by dividing the CSI-RS ports into a couple of port groups each with max 8 ports. Different port groups can be transmitted in same or different subframes. Full power utilization can be applied if the number of CSI-RS ports in each group is limited to 8. In addition, due to CSI-RS beamforming the received SINR can also be greatly improved compared to the non-precoded CSI-RS. The phase drifting between different port groups does not need to consider since joint transmission over multiple precoded CSI-RS resources or CSI-RS port groups is typically not required for beamformed CSI-RS based schemes. 
[bookmark: _Ref378529477]Observation 4: Beamformed CSI-RS can support 16, 32 and 64 or more NZP CSI-RS ports per CSI process by reusing the existing CSI-RS pattern. 
Conclusions
In summary, we discuss general aspects of CSI-RS and CSI feedback enhancements for beamformed and non-precoded CSI-RS based schemes. We observe that
Observation 1: Non-precoded CSI-RS-based scheme and beamformed CSI-RS-based scheme are equivalent in terms of effective precoded channel.
Observation 2: Beamformed CSI-RS based schemes may be limited by the vertical beamforming granularity due to available CSI-RS resources.
Observation 3: Beamformed CSI-RS based schemes offer more flexibility for vertical precoding and CSI feedback and moderate UE complexity than non-precoded CSI-RS based schemes, and also less sensitive to channel estimation error. 
Observation 4: Beamformed CSI-RS can support 16, 32 and 64 or more NZP CSI-RS ports per CSI process by reusing the existing CSI-RS pattern. 
Based on the above observations we make the following proposal
Proposal 1: Beamformed CSI-RS based schemes can be prioritized for CSI feedback enhancements for FD-MIMO. 
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