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1 Introduction

In 3GPP RAN1#86bis meeting, the following agreements were made for CSI reporting for hybrid CSI-RS [1]:
Agreements:
· Confirm working assumption for mechanism 1: 

· No inter-dependence between CSI calculations across two eMIMO-Types
· Note: ZTE has a concern on this.
In this contribution, we further discuss the remaining issues on hybrid CSI reporting for eFD-MIMO.
2 Discussion
PUSCH CSI reporting for hybrid CSI mechanism 1
According to email discussion [86b-14], the following conclusion was made for PUSCH CSI reporting for hybrid CSI mechanism 1:

· Two alternatives to be down-selected in RAN1#87:
· Alt1. Proposal in R1-1610731

· Alt2. Report both eMIMO-Types, but the UE is only required to update one of the two eMIMO-Types 

It is noted that both Alternatives require UE to calculate and update CSI at one time to alleviate CSI measurement complexity. The difference is to report two CSIs or only one of the two CSIs. For Alt. 1, DCI is used to dynamically indicate the CSI to be reported, which can be either the 1st eMIMO-Type or the 2nd eMIMO-Type. Compared to Alt. 2, there is a benefit for eNB to decide which CSI is to be updated taking into account of the purpose and usefulness. However, this kind of benefit on the flexibility is questionable since the CSI-RS of the 1st eMIMO-Type has a very long term transmission period. It does not make sense to frequently update the CSI in a short period if there is no new CSI-RS of the 1st eMIMO-Type is transmitted. 
Another issue with Alt. 1 is the potential increase of DCI overhead when both eCA and hybrid CSI are supported since there is a need to indicate the eMIMO-Type for each CC configured with hybrid CSI. Therefore independent A-CSI trigger for the two eMIMO-Types is probably overkill. 

For Alt. 2, the UE will report the CSI for both eMIMO-Types but is only required to update one of the two eMIMO-Types. Therefore a certain rule may be defined so that both UE and eNB have the same understanding which CSI is updated in the report. The existing Rel-13 CRI relaxation can be reused for A-CSI reporting for the 1st eMIMO-Type. Saying a predetermined time T for CSI update for the first eMIMO-Type, for A-CSI report on subframe n, if CSI for the 1st eMIMO-Type has been reported on or after subframe n-T, then UE will update the CSI for the 2nd eMIMO-Type. Otherwise UE will update the CSI for the 1st eMIMO-Type. The value of the timer T can be configured by higher layer signalling same as the CSI-RS transmission periodicity of the 1st eMIMO-Type or integer multiple of the periodicity. 
Figure 1 shows an example for A-CSI reporting. In subframe 4, UE reports an updated CSI for 1st eMIMO-Type and then in the following subsequent A-CSI reporting the CSI of the 1st eMIMO-Type will not be calculated and updated until an interval is larger than the predefined minimum update period, e.g., 40ms in this example. 
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Figure 1. PUSCH-based A-CSI reporting for hybrid CSI mechanism 1

Proposal 1: For PUSCH-based A-CSI reporting, UE reports the CSI for both eMIMO-Types but is only required to update one of the two eMIMO-Types. A method analogous to Rel-13 CRI relaxation is reused for CSI update for 1st eMIMO-Type. 

Independent configuration of CSI reporting mode for two eMIMO-Types
Based on [86b-15] email discussion, the following conclusions were made for CSI reporting for mechanism 1. 
· Support A-CSI (PUSCH-based) reporting for both 1st and 2nd eMIMO-Types based on the following joint configuration approach 

· Only the A-CSI reporting mode of the 2nd eMIMO-Type is configured, whereas the reporting content of the 1st eMIMO-Type (i1 and RI) is fixed 

· A-CSI configuration does not apply to the content of the 1st eMIMO-Type
· In RAN1#87, decide the need for supporting (and, if supported, the details of) at least one of the following combinations where CSI reporting modes for 1st and 2nd eMIMO-Types are independently configured. 
· ‘P’ and ‘A’ refers to periodic and aperiodic CSI reporting for an eMIMO-Type. 

	Combination 
	1 
	2 
	3 

	1st eMIMO-Type 
	P 
	A 
	P and/or A 

	2nd eMIMO-Type 
	A 
	P 
	P and/or A


· If combination 1 is supported, down-select from the following options 
· Opt-1: Use legacy CSI reporting configuration for the 1st eMIMO-Type 
· Opt-2: Both the A-CSI and P-CSI parameters are configured for the 2nd eMIMO-Type, and UE only reports A-CSI.
It can be observed that PUSCH-based A-CSI reporting and PUCCH-based P-CSI reporting can be supported for both 1st eMIMO-Type and 2nd eMIMO-Type. And the remaining issue is whether to support independent configuration of CSI reporting for two eMIMO-Types, e.g., one eMIMO-Types configured with either A-CSI or P-CSI but not both. In our view, the benefits to support this independent configuration is not clear. For PUCCH based P-CSI reporting the reliability is lower due to potential CSI collision. Therefore it is not feasible to support P-CSI only for each of the two eMIMO-Types and the combination 1 and 2 shall be excluded. For combination 3, both eMMO-Types will be configured with A-CSI reporting but only one of the eMIMO-Types is configured with P-CSI reporting. Considering the 2nd eMIMO-Type is used for CQI reporting, it is preferred that P-CSI reporting is supported for the 2nd eMIMO-Type. Based on this, the combination 3 can be reformulate not to configure P-CSI reporting for the 1st eMIMO-Type.  Since the P-CSI for the 1st eMIMO-Type has a very long periodicity, there is no overhead saving benefits from not reporting CSI for the 1st eMIMO-Type. Therefore, we prefer not to have independent configurations of CSI reporting for two eMIMO-Types. 
Proposal 2: Each of two eMIMO-Types shall be configured with both A-CSI and P-CSI reporting modes.

Priority handling for periodic CSI reporting
For P-CSI reporting, there is a potential collision between CSI reporting for the 1st eMIMO-Type and 2nd eMIMO-Type. Since the reporting periodicity of the 1st eMIMO-Type is typically longer than that of the 2nd eMIMO-Type, the importance of the CSI of the 1st eMIMO-Type is higher than that of the 2nd eMIMO-Type. Therefore, it is preferred to drop the CSI of the 2nd eMIMO-Type in case of collision. However, it shall be discussed also whether the priority rule can also be extended to multiple CSI processes and multiple CCs. In the current specification, the priority rule for collision handling among multiple CSI processes and multiple CCs is firstly based on CSI type and for the same CSI type the CC index and CSI process index will be used to determine the priority. If the same priority rule is reused for hybrid CSI mechanism 1, there is a concern that the CSI of the 1st eMIMO-Type of the non-lowest index CC or CSI process will be dropped in case of collision with the CSI of the lowest index CC or CSI process. Therefore it is proposed that the CSI of the 1st eMIMO-Type shall be assigned with the highest priority than the CSI of the 2nd eMIMO-Type irrespective of the CC index and CSI process index. That is the priority rule is updated according to the order: eMIMO-Type > CSI reporting type > CC index > CSI process index. However, the argument for assigning higher priority for 1st eMIMO-Type is based on the assumption that the longer reporting periodicity is used for the 1st eMIMO-Type. However, this may not be a valid assumption since the reporting periodicity for each CC and CSI process is dependently configured. It is hard to say that the CSI reporting periodicity of the 1st eMIMO-Type is always larger than the CSI of the non-hybrid CSI in other CSI processes and CCs. Additionally, in case the CSI of the 1st eMIMO-Type is dropped due to collision, the network can get a valid CSI by triggering the A-CSI on PUSCH. Therefore, the loss from the CSI collision is not so big if the existing priority rule for collision handling among multiple CSI processes and CCs is extended to hybrid CSI. 
Proposal 3: For collision handling among multiple CSI processes and/or multiple CCs, the existing rule is extended to hybrid CSI with mechanism 1. 

Hybrid CSI with mechanism 2
Another remaining issue with hybrid CSI is to support mechanism 2 for hybrid Class B K>1 and Class B K=1 operation. Based on email discussion on [86b-13], the performance benefits for mechanism 2 is not fully convinced. It is noted that mechanism 2 is quite similar to Rel-13 Class B K>1 except that UE is not requested to update the CRI frequently, e.g., every 5ms. There is a reduction on computational efforts for CRI calculation but there is no change on the peak CSI measurement complexity. The potential benefits for the proposed mechanism 2 is CSI-RS overhead reduction since the K CSI-RS of the 1st eMIMO-Type can be transmitted with a long periodicity instead of every 5ms. Therefore, the overhead reduction by increasing the CSI-RS periodicity of the first eMIMO-Type 2 is questionable. Firstly, as long as there is Rel-13 UE not supporting hybrid CSI mechanism 2, the network has to transmit the cell specific K CSI-RS resources for CRI reporting every 5ms. In such case there is not overhead reduction benefit. Secondly, assuming the periodicity of the K CSI-RS of the first eMIMO-Type is changed from 5ms to 80ms, the overhead reduction is only improved by 7.14% for 10MHz and K=8. When considering other overhead reduction techniques for beamformed CSI-RS in Rel-14, such as aperiodic CSI-RS and low CSI-RS density, the overhead reduction gain from mechanism 2 will be further reduced. 
Proposal 4: Hybrid CSI with mechanism 2 for hybrid Class B K>1 and Class B K=1 is not supported. 

3
Conclusion

In this contribution, we discuss the remaining issues for the CSI reporting for hybrid CSI-RS and we propose:
Proposal 1: For PUSCH-based A-CSI reporting, UE reports the CSI for both eMIMO-Types but is only required to update one of the two eMIMO-Types. A method analogous to Rel-13 CRI relaxation is reused for CSI update for 1st eMIMO-Type. 

Proposal 2: Each of two eMIMO-Types shall be configured with both A-CSI and P-CSI reporting modes.

Proposal 3: For collision handling among multiple CSI processes and/or multiple CCs, the existing rule is extended to hybrid CSI with mechanism 1. 

Proposal 4: Hybrid CSI with mechanism 2 for hybrid Class B K>1 and Class B K=1 is not supported. 
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