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1. Introduction
In RAN1#83, relaxation to CSI reporting were discussed for Rel-13 Class A and Class B configuration with a large number of CSI-RS ports.  The following agreements on CRI updating have been reached [1]
Agreements:
· Note: It was agreed that CRI is always reported with CSI in the same subframe.

· A-CSI feedback without CRI for class B K>1 is not supported.

· For UE configured with a CSI process with Class B K>1 and Ntot>=16, UE is not expected to update CRI for the CSI process more than once within 5ms.

· Note: Ntot = sum(Nk) within the CSI process.

In this contribution, we give some further considerations and corrections on the above agreements on CRI updating.  We also discuss on other aspects on CSI processing relaxation, e.g. relaxation to CSI processing timeline.
2. CRI updating

For Class B CSI reporting, if a large total number of CSI-RS ports is configured, triggering A-CSI on PUSCH frequently require UE to complete heavy calculation tasks on channel measurement and CSI(including CRI/RI/PMI/CQI) quantization in a short period of time, which will bring instantaneous CSI processing burden to UE.  Since the selected CSI-RS resource index may not be changed in a short time in general, some basic agreements on CRI updating restriction are reached to reduce the processing pressure of UE.  However, there are some remaining issues on CRI updating which need to be clarified or discussed.
2.1 Inconsistent description between specification and agreement
In current specification, the following description is used to capture the agreements [1] on CRI updating: 
”For a UE configured in transmission mode 9 or 10, and for a CSI process, if a UE is configured with parameter CSI-Reporting-Type configured by higher layers, and CSI-Reporting-Type is set to ‘CLASS B’ and the number of configured CSI-RS resources is more than one, and the total number of antenna ports across all configured CSI-RS resources is more than 15, the UE on reception of an aperiodic CSI report request triggering a CSI report in uplink subframe n is not expected to update CRI corresponding to the CSI process if CRI for the CSI process has been reported on or after subframe n-5”. 
According to above wording, if the network triggers the UE to report aperiodic CSI frequently e.g. in every 4ms as shown in Figure 1, CRI would never be updated.  This requires the network to trigger aperiodic less frequently which limit the flexibility of network implementation and leads to extra CSI delay.  Moreover, it is not consistent with the RAN1 agreement. 
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            Figure 1 CRI updating behavior according to current specification
According to the RAN1 agreement, UE is not expected to update CRI for the CSI process more than once within 5ms for the UE configured with a CSI process with Class B K>1 and Ntot>=16.  Thus the condition of updating restriction should be "UE configured with a CSI process with Class B K>1 and Ntot>=16, and CRI has been updated within 5ms"  in our understanding.  Since "reported" is not equivalent to "updated", the UE may report the CRI without updating it.  To correct this, we propose to 

change the condition to "if CRI for the CSI process has been reported and updated on or after subframe n-5".  With this correction, the UE behavior as shown in figure 2 for frequent A-CSI triggering is consistent with the RAN1 agreement.  This has been captured in the draft CR in [4].
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            Figure 2 CRI updating behavior according to the RAN1 agreement

Proposal 1：The condition of CRI updating restriction is based on "if CRI for the CSI process has been reported and updated on or after subframe n-5".
2.2 Potential performance degradation in special cases
Although there should be no significant performance loss with the restriction in general cases, it may bring in some extra CSI delay in some special cases.  The following two cases are identified and analyzed.
CRI reporting for multiple subframe sets
When two subframe sets is configured for CSI measurement and reporting, the CSIs corresponding to different subframe sets are belonged to one CSI process.  Therefore, if the two A-CSI triggers corresponding to two subframe sets are done within 5ms, CRI is not updated according to the current agreement. However, the CSI has different interference in two subframe sets.  CRI can be different in different subframe sets even within the short period of time.  With this restriction, the network has to wait for at least 5ms to trigger CSI for another subframe set after triggering the CSI for one subframe set.  Since A-CSI has to be triggered in the occurrence of the subframe set and one of the subframe sets may not happen frequently, it imposes high limitation on the A-CSI triggering for two subframe sets and performance may be degraded with extra CSI delay.   Therefore, it is more reasonable to impose such restriction within the same subframe set.
Proposal 1：For UE configured with a CSI process with Class B K>1 and Ntot>=16, UE is not expected to update CRI for the same subframe set in a CSI process more than once within 5ms.
CRI reporting with measurement restriction
Measurement restriction(MR) is introduced in Rel-13, the channel and interference used for CSI computation can be estimated from only one subframe.  When MR is ON, if network can trigger multiple A-CSIs in a short period of time with different virtualization weights or interference conditions which means the CRI can be completely different from one subframe to another subframe.  If CRI can’t be updated within 5ms, this reduces the flexibility of MR.  If the complexity is an issue for frequent update of CRI, we should allow UE with higher capability to support more frequent update of CRI when MR is on.
Proposal 2：CRI updating restriction should depend on UE capability. 
2.3 CSI processing timeline 
Relaxations to processing timeline can effectively alleviate computational complexity. In Rel-11, if multiple CSI processes are configured for CoMP, the UE complexity can be significantly increased.  Hence timeline parameter nCQI_ref is extended for FDD and some TDD cases.  Now we are facing the similar situation in EFB/FD-MIMO when class A or class B is configured with a large number of CSI-RS ports.  It is reasonable to extend nCQI_ref  even though there is only one process. 

For Class A CSI reporting, number of codewords is significantly increased for the new codebook with multiple configurations.  The complexity for PMI selection is highly increased.  It should be considered to extend nCQI_ref  to 5 for class A codebook.  
For Class B CSI reporting, multiple beamformed CSI-RS resources with different IMR can be configured.  Compared to the current UE implementation, the complexity of CSI processing with a large K can be significantly increased.  However, considering TDD relies more on Class B CSI reporting and extending nCQI_ref  may bring much more extra delay as analyzed in [3], we should consider FDD and TDD differently for the extension of nCQI_ref  like what we did in CoMP.  For FDD, we can extend nCQI_ref  to 5 if K>4.  For TDD, we can have the same extension nCQI_ref  only if K>8.
Proposal 3：For Class A and class B with K>4, nCQI_ref is equal to 5 for FDD.  For Class B with K>8, nCQI_ref is equal to 5 for TDD.  
3. Conclusion

In this contribution, some issues related to CSI reporting relaxation are discussed.  Proposals are summarized as follows:
Proposal 1: For UE configured with a CSI process with Class B K>1 and Ntot>=16, UE is not expected to update CRI for the same subframe set in a CSI process more than once within 5ms.
Proposal 2: CRI updating restriction should depend on UE capability. 
Proposal 3: For Class A and class B with K>4, nCQI_ref is equal to 5 for FDD.  For Class B with K>8, nCQI_ref is equal to 5 for TDD.
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