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1. Introduction
In RAN1#89, CSR issues for advanced CSI are discussed with the following conclusion drawn [1].
Conclusion:
· Discuss further whether or not CBSR is supported for advanced CSI
· Companies are encouraged to perform evaluations
· Revisit in next RAN1 meeting
In this contribution, we provide our views on CSR for advanced CSI.
2. Discussion on CSR for advanced CSI
For LTE legacy codebook, codebook subset restriction (CSR) is an important feature to reduce inter-cell interference and avoid network’s undesirable beam direction. In Rel-13, a beam-based bitmap is introduced for CSR configuration to replace the codeword-based bitmap as the number of codewords in Rel-13 codebook increases a lot. For linear combination codebook, CSR issue hasn’t been addressed in LTE Rel-14 advanced CSI. 
As PMI overhead of advanced CSI can be even larger than Rel-13 codebook, using codeword based CSR bitmap is not realistic. Then using beam based bitmap configuration should be supported. 
The next question is how to define proper UE behavior if different CSI components in advanced CSI are restricted. Two different types of beams are reported in advanced CSI. Leading beam indicates the strongest beam to be combined, and the other beam in the combined beam group are denoted as weaker beam. 
During PMI calculation, if the searched leading beam is restricted by CSR, UE does not report this beam. UE can use the strongest beam which is not constrained as the leading beam. If the weaker beam is constrained by gNB, two options can be identified.
Option 1: UE does not report the restricted weaker beam
Option 2: UE reports the restricted weaker beam and set the associated relative power as 0
Take Fig. 2 as an example for the above two options. In Fig.2, a 2-beam combination is assumed. If no CSR is configured, beams {1, 2} are selected as lead beam and weaker beams. 


Fig. 2 CSR for Type II CSI
If Option 1 is adopted, beam 2 is not reported. Then two sub-options can be identified. The first one is UE just report beams 1. An alternative approach is that UE selects an unconstrained orthogonal beam, saying beam 3, for reporting. Then the reported combination is beam {1, 3} and associated coefficients. 
If Option 2 is adopted, beams {1, 2} are reported. Phase of beam 2 can be reported as usual, whereas the reported power of beam 2 is 0.
For Option 1, if beams {1,3} are reported, the performance cannot be ensured since the power of beam 3 can be much lower than beams {1,2}, which is harmful for the performance of linear combination. If the reported beam is just beam 1, same performance can be achieved as Option 2. However, Option 2 provides more information to gNB including beam 2 and associated phase. As impact of inter-cell interference can change quite dynamically and CSR is configured semi-statically, Option 2 gives gNB more flexibility to decide whether to use beam 2 or not. Therefore, Option 2 is more preferred.
Proposal: Support beam based bitmap for CSR configuration in advanced CSI.
· If leading beam is restricted by CSR, UE does not report this beam as leading beam.
· If weaker beam is restricted by CSR, UE reports the restricted weaker beam and set the associated relative power as 0.
3. Conclusions
In this contribution, we discuss remaining issues on CSR for advanced CSI. Based on the above discussion, we have the following proposal.
Proposal: Support beam based bitmap for CSR configuration in advanced CSI.
· If leading beam is restricted by CSR, UE does not report this beam as leading beam.
· If weaker beam is restricted by CSR, UE reports the restricted weaker beam and set the associated relative power as 0.
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