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1 Introduction

In RAN1#82 meeting, it was agreed to have two types of CSI reporting classes, e.g. CSI reporting class A and B for CSI reporting with PMI [1]. CSI reporting class B is associated with beamformed CSI-RS, and UE could report the CSI assuming one of the four alternatives below. 
· Class B: UE reports L port CSI assuming one of the four alternatives below

· Alt.1: Indicator for beam selection and L-port CQI/PMI/RI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.2: L-port precoder from a codebook reflecting both beam selection(s) and co-phasing across two polarizations jointly. Total configured number of ports in the CSI process is L.

· Alt.3: Codebook reflecting beam selection and L-port CSI for the selected beam. Total configured number of ports across all CSI-RS resources in the CSI process is larger than L.

· Alt.4: L-port CQI/PMI/RI. Total configured number of ports in the CSI process is L. (if CSI measurement restriction is supported, it is always configured)

· Note: A “beam selection” (whenever applicable) constitutes either a selection of a subset of antenna ports within a single CSI-RS resource or a selection of a CSI-RS resource from a set of resources

· Note: The reported CSI may be an extension of Rel.12 L-port CSI

· Details such as possible values of L are FFS

· Further down-selection/merging of the four alternatives is FFS

In this contribution, we present our views on CSI feedback for CSI reporting class B and the potential specification impact. 
2 Discussion
For Alt 1, 2 and 3 of CSI reporting class B, it is assumed that K CSI-RS resources/configurations, with Nk ports for the kth CSI-RS resource, associated with a CSI process. UE may select one of the CSI-RS resources or a subset of antenna ports within a single CSI-RS resource for CSI reporting. The difference is how UE feedback beam selection, e.g., via explicit BI or implicitly by codebook or PMI. For Alt. 4 of CSI reporting class B, there is only one CSI-RS resource associated with a CSI process, which is dynamically shared among multiple UEs. Therefore UE reports CSI by applying measurement restriction. The reported CSI may also be different for each alternative, e.g., either reusing or extending the existing 2-, 4- or 8-ports CSI. In the following sections, we will discuss CSI feedback details for each alternative and the required specification change.
For Alt. 1, both cell specific and UE specific beamformed CSI-RS can be supported. The number of CSI-RS ports within a single CSI-RS resource can be 1, 2, 4 or 8. The configuration of 8-port CSI-RS is mainly used for cell specific beamformed CSI-RS where each beam is corresponding to one vertical sector. For UE specific beamformed CSI-RS, the number of CSI-RS ports can be 1, 2 or 4. The reported CSI for Alt. 1 can be same as the existing CSI, which means UE may report CSI according to W=W1W2 codebook for 8-port CSI-RS. In addition, UE may also report beam selection indicator (BI), which can be separately or jointly feedback with CQI/PMI//RI. Therefore, additional BI feedback shall be supported by Alt. 1.
For cell specific beamformed CSI-RS, the beam selection is generally wideband and long-term. So for CSI feedback on PUCCH, new reporting type for BI feedback can be considered. One possibility to have independent BI reporting with a long period. But this approach may have a few disadvantages. Firstly, there is potential rank mismatch during two BI reports, e.g. last reported RI not consistent with the latest BI. Secondly, the impact of BI report error is substantial since the CQI/PMI/RI are dependent on the reported RI. Therefore, it is preferable to multiplex BI with RI in the same report. Potential extension of PUCCH mode 1-1 and 2-1 with BI feedback are shown in Figure 1 and 2 below. Considering the impact on PUCCH performance, the size of BI is limited to 1 bit for BI feedback on PUCCH.
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Figure 1. Example of extension of PUCCH Mode 1-1 for BI feedback for cell specific BF CSI-RS
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Figure 2. Example of extension of PUCCH Mode 2-1 for BI feedback for cell specific BF CSI-RS
For UE specific beamformed CSI-RS, the beam selection can be wideband but with short period since UE specific beam is typically very narrow. Therefore, BI feedback is rather different from cell specific beamformed CSI-RS. For CSI feedback on PUCCH, we propose to have same reporting periodicity as PMI/CQI for BI reporting, and BI feedback is time multiplexed with wideband CQI/PMI. Subband BI feedback may also be considered for CSI feedback on PUSCH. 

Figure 3 and 4 show an example of extension of PUCCH mode 1-1 and 2-1 for supporting UE specific BF CSI-RS. In such case, the maximum size of BI can be more than 1, e.g., 2 bits or 3 bits. It is also possible to configure multiple PUCCH cyclic shift resources corresponding to different beam selection. The selection of PUCCH resources can be based on the reported beam selection indicator. In such case, the same PUCCH reporting types and modes for 2-port and 4-port CSI-RS can be reused for UE specific BF CSI-RS.
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Figure 3. Example of extension of PUCCH Mode 1-1 for BI feedback for UE specific BF CSI-RS
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Figure 4. Example of extension of PUCCH Mode 2-1 for BI feedback for UE specific BF CSI-RS

Another issue for Alt. 1 is support of higher rank. Since the reported CSI is based on the selected CSI-RS resource, the reported rank is then limited by the number of CSI-RS ports in the CSI-RS resource. For example, for supporting rank 3 and 4 CSI reporting, at least one 4-ports CSI-RS resource shall be configured and associated to the CSI process. But if the existing 4-port codebook, e.g., Rel-8 4Tx codebook or Rel-12 enhanced 4Tx codebook is used for the selected CSI-RS resource, the precoder for rank 1 and 2 will use all the 4-ports for jointly precoding. To enable port selection for rank 1-2 CSI reporting, new codebook design for 4-port CSI-RS may be considered. In such way, the same beam selection and cross polarization co-phasing approach is applied to rank 1-2 CSI reporting for both 2-port and 4-port CSI-RS resource configuration. 
Observation 1: Alt. 1 can support both cell specific and UE specific beamformed CSI-RS. BI feedback in terms of feedback granularity could be different for two beamformed CSI-RS schemes. 

Observation 2: New codebook design for 4-port CSI-RS can be considered to enable port selection for rank 1-2 CSI reporting. 

For Alt 2, according to [2], N pair beamformed CSI-RS is defined where each port pair is beamformed with different weights. The 2N beamformed CSI-RS ports correspond to N different beams. The beam selection and co-phasing across two polarizations are supported via a codebook design. One possibility is to apply the legacy codebook framework with proper replacement of W1 codebook, e.g., assuming W = W2 for PMI feedback. The advantage of this approach is that specification change could be minimized by reusing the existing CSI reporting modes and types. Another advantage is that multiple beam selection out of N different beams for high rank can be supported without several folder increase on feedback overhead. 
It is noted that for Alt. 2 the beam selection is equivalent to port pair selection. Co-phasing is only applied across the selected port pair. Therefore Alt. 2 is specifically designed for 2N-port beamformed CSI-RS. For other configurations, such as 4N-port or 8N-port beamformed CSI-RS, it seems difficult to apply W2 codebook for beam selection and co-phasing across the selected 4-port or 8-port CSI-RS. In other words, Alt. 2 may not efficiently support cell specific beamformed CSI-RS. Secondly, to support any number of N, e.g., 1, 2, 3, or 4, different W1 and W2 matrix needs to be defined due to different number of antenna ports. For example, for N=4, e.g., 8 beamformed CSI-RS ports, W1 is identity matrix and W2 can be same as Rel-10 8Tx. And for N=2 and 4 beamformed CSI-RS ports, proper replacement of W1 and W2 may be needed according to [2]. Alternatively, using 8Tx W1 and W2 codebook with codebook subset selection might be applied to support any number of beamformed CSI-RS ports less than 8 ports. However, for more than 8-ports beamformed CSI-RS, e.g., N=8, the codebook design for beam selection and co-phasing could be more challenging. Lastly, as discussed in [3], higher rank, e.g., rank 3-8 codebook design for beamformed CSI-RS may be needed for Alt. 2. The specification efforts shall be also considered. 
Observation 3: Alt. 2 is designed only for N-pair beamformed CSI-RS where N is equal to or less than 4, and it may not efficiently support cell specific beamformed CSI-RS such as N beams each with 8-ports. 

Observation 4: For supporting any number of N, multiple W1/W2 matrix need to be defined. Alternatively, codebook subset selection for W2 can be considered. Additional specification efforts for rank 3-8 codebook design are also needed for Alt. 2. 

Alt. 3 is similar to Alt. 1 except that beam selection indicator is reported via a newly defined codebook instead of an explicit beam index indicator. In other words, UE may report 1st PMI for indicating beam selection and a second PMI for the selected beam. The advantage of this approach is that the CSI feedback for 8-port CSI-RS, e.g., PUCCH Mode 1 Submode 1 and 2 as well as Mode 2-1, may be reused for 1st and 2nd PMI reporting on PUCCH, and thus the specification efforts for CSI feedback can be minimized. However, it is noted that for support of any number of N multiple W1 matrices may need to be defined. In addition, the long-term feedback of the beam selection is not preferable for UE specific BF CSI-RS.
Observation 5: Alt. 3 is similar to Alt. 1 except that beam selection indicator is reported via a newly defined codebook instead of an explicit beam index indicator. The short-term feedback of beam selection is not supported with Alt. 3.

For Alt. 4, the reported CSI is based on all the configured CSI-RS ports. Since there is only beam associated with the CSI process, no beam selection indicator is reported. Therefore, no further specification change on CSI feedback modes and types is needed.
Observation 6: Alt. 4 is compatible with the existing specification at least for CSI reporting.

Based on the above discussion, it can be seen that only Alt. 1 can support cell specific BF CSI-RS, e.g., N beams each with up to 8 CSI-RS ports. According to [4] cell specific BF CSI-RS provides a simple but efficient implementation of EB/FD-MIMO. Although it can be implemented via standard transparent way such as virtual sectorization with multiple CSI processes, necessary CSI feedback enhancements such as BI feedback can greatly improve the performance without a big increase of UE processing complexity. Therefore, in our view CSI feedback enhancements for cell specific BF CSI-RS shall be supported in Rel-13. Alt. 1 can be adopted at least for cell specific BF CSI-RS.
To support UE specific BF CSI-RS, the above four alternatives can be considered. Each alternative has both pros and cons. One of the major differences is feedback granularity for beam selection. In our view, the beam selection for UE specific BF CSI-RS shall have the same reporting periodicity as PMI considering beamforming robustness. A long-term feedback of the beam selection is not preferred. Therefore, either Alt. 1 or Alt. 2 can be considered to CSI reporting for UE specific BF CSI-RS.
Therefore, we propose

Proposal 1: Adopt Alt. 1 as CSI reporting for cell specific BF CSI-RS. Down-selection or merging of Alt. 1 and 2 can be considered for UE specific BF CSI-RS.
Proposal 2: Different feedback granularity, e.g., frequency and time for BI reporting can be supported based on the type of BF CSI-RS, e.g., cell specific or UE specific BF CSI-RS and also PUSCH/PUCCH.
3
Conclusion

In this contribution, we present our views on CSI feedback for CSI reporting class B. We have the following observations and proposals:

Observation 1: Alt. 1 can support both cell specific and UE specific beamformed CSI-RS. BI feedback in terms of feedback granularity could be different for two beamformed CSI-RS schemes. 

Observation 2: New codebook design for 4-port CSI-RS can be considered to enable port selection for rank 1-2 CSI reporting. 

Observation 3: Alt. 2 is designed only for N-pair beamformed CSI-RS where N is equal to or less than 4, and it may not efficiently support cell specific beamformed CSI-RS such as N beams each with 8-ports. 

Observation 4: For supporting any number of N, multiple W1/W2 matrix need to be defined. Alternatively, codebook subset selection for W2 can be considered. Additional specification efforts for rank 3-8 codebook design are also needed for Alt. 2. 

Observation 5: Alt. 3 is similar to Alt. 1 except that beam selection indicator is reported via a newly defined codebook instead of an explicit beam index indicator. The short-term feedback of beam selection is not supported with Alt. 3.

Observation 6: Alt. 4 is compatible with the existing specification at least for CSI reporting.

Proposal 1: Adopt Alt. 1 as CSI reporting for cell specific BF CSI-RS. Down-selection or merging of Alt. 1 and 2 can be considered for UE specific BF CSI-RS.

Proposal 2: Different feedback granularity, e.g., frequency and time for BI reporting can be supported based on the type of BF CSI-RS, e.g., cell specific or UE specific BF CSI-RS and also PUSCH/PUCCH.
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