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1. Introduction
In RAN1#86bis, we discussed some remaining issues on hybrid CSI [1]. In the email discussion [86b-15] [2], the following agreement is achieved on hybrid CSI-RS.
For mechanism 1: 

· A UE can be simultaneously configured with both A-CSI and P-CSI 

· For both A-CSI and P-CSI reporting, UE calculates CSI for only one eMIMO-Type of a pair at a time 

· 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 

· CSI configuration does not apply to the content of the 1st eMIMO-Type

· Details about triggering to be decided in RAN1#87 (discussed in Youngwoo’s [86b-14])

· 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.
For the triggering of A-CSI report, the following consensus is achieved through email discussion [86b-14] [3]
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 

 In this contribution, we discuss the remaining details for the utilization of hybrid CSI.
2. Discussion on hybrid CSI
As the number of CSI-RS ports increases to 32 for eFD-MIMO, the beam formed by Class A codebook becomes narrow, which causes the issue of robustness reduction. Moreover, the overhead of RS resource increases along with the increase of CSI-RS ports. For legacy Class B, the precoding matrices for BF CSI-RS are acquired by implementation approaches. However, the precoding matrices are difficult to be acquired by implementation-only approaches when channel reciprocity is not available, e.g., in FDD systems. Hence hybrid CSI schemes are proposed to provide solutions to the problems of robustness enhancement and precoding acquisition for BF CSI-RS. 
In RAN1#86, hybrid CSI mechanism 1 has been agreed to be introduced: hybrid CSI is realized by with one CSI process, support at least Class A for the 1st eMIMO-Type and Class B with K=1 CSI-RS resource for the 2nd eMIMO-Type. In RAN1#86bis and email discussion [86b-15], P-CSI and A-CSI reporting modes for mechanism 1 have been discussed. Some remaining details with A-CSI involved reporting configuration and triggering are not decided yet. We discuss these remaining issues in this section. 
2.1 CSI reporting configuration for two eMIMO-Types
For the 1st eMIMO-Type, UE only need to calculate i1(1) and x-bit RI(1), whereas RI(2) ,i1(2), CQI and i2(2) are reported for the 2nd eMIMO-type. UE can use P-CSI or A-CSI to report these two eMIMO-Types. Then at most 4 combinations of P-CSI and A-CSI can be identified to report CSI, in which P+P and A+A are already supported based on RAN1#86 and email discussion [86b-15].  The undecided combinations the following combinations where CSI reporting modes for 1st and 2nd eMIMO-Types are independently configured
· Combination 1: P-CSI for the 1st eMIMO-Type and A-CSI for the 2nd eMIMO-Type
· Combination 2: A-CSI for the 1st eMIMO-Type and P-CSI for the 2nd eMIMO-Type
· Combination 3: P-CSI and /or A-CSI for the 1st eMIMO-Type and P-CSI and/or A-CSI  for the 2nd eMIMO-Type
In [5], the benefit of having combination 1, i.e., P+A, is discussed. For the feedback of the 1st eMIMO-Type, long-term information is reported. Hence the CSI reported in P-CSI (based on PUCCH) can achieve better reliability as the MCS used in P-CSI is more robust than A-CSI (based on PUSCH). As the periodicity of the 1st eMIMO-Type is usually large, and the corresponding long-term CSI is essential to eNB, it requires more robust transmission. On the other hand, since the 2nd eMIMO-Type is BF CSI-RS, the UEs with different non-orthogonal beams usually do not share the same CSI-RS resource in one TTI when MR is on. If P-CSI is used for the 2nd eMIMO-Type report, i2/CQI/RI should be divided into 2-3 report types and fed back in different TTI. Moreover, as CQI/i2 is computed based on RI, the beam should not change during the period of RI, which may harm the flexibility of UE scheduling. If the 2nd eMIMO-Type report is fed back in A-CSI, the whole report can be done within one TTI. Hence the beam used for BF CSI-RS can be different in different TTI, and the overall CSI reporting latency is also lower. This is beneficial to have better dynamic beam change, and it endows UE scheduling and beam refinement more flexibility. Moreover, as only one eMIMO-Type requires aperiodic CSI reporting, UE complexity of combination 1 is also quite low. Therefore we prefer to support combination 1.
Proposal 1: Combination 1 should be supported for hybrid mechanism 1.
In order to support combination 1, two options can be used for the CSI reporting configuration 

· Option-1: Use legacy CSI reporting configuration for the 1st  eMIMO-Type 

· Option-2: Both the A-CSI and P-CSI parameters are configured for the 2nd eMIMO-Type, and UE only reports A-CSI. 
As discussed in [2], for A-CSI (PUSCH-based) reporting for both 1st and 2nd  eMIMO-Types, 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. To cooperate with the P-CSI configuration of the 1st eMIMO-Type, it is natural to support P+A. For Option 1, P+A can be supported in a more simple way. Specifically, eNB do not need to configure joint configuration of P+P, and P+A can be supported with the legacy P-CSI configuration. This option is more simple with lower UE complexity. For Option 2, eNB needs to configure joint configuration of P+P and A-CSI mode of the 2nd eMIMO-Type, which brings higher UE complexity. 
Proposal 2: Utilization of legacy CSI reporting configuration for the 1st  eMIMO-Type should be supported for combination 1.
2.2 Triggering for A-CSI
For the combination of A+A, the legacy CSI reporting mechanisms can be reused with some refinements. Specifically, two options on A-CSI feedback are proposed [3]. 
Alt 1: Either one of CSI for 1st eMIMO-Type (i.e., 1st CSI) and CSI for 2nd eMIMO-Type  (i.e., 2nd CSI) is triggered for aperiodic CSI reporting
Alt 2: Report both eMIMO-Types, but the UE is only required to update one of the two eMIMO-Types
As we discussed in [5], the CSI of the 1st eMIMO-Type is used to acquire the beams used in for the BF CSI-RS for the 2nd eMIMO-Type, whereas the 2nd eMIMO-Type is used to acquire finer CSI. Alt 1 enables flexible CSI reporting based on eNB’s requirement. However, Alt 2 lets UE decide which of the two eMIMO-Types should be updated, so it may not fulfill the demand of eNB. Moreover, Alt 1 has smaller spec impact as the legacy CSI encoding/mapping mechanisms can be reused. However, Alt 2 requires new encoding/mapping mechanisms for the CSI of both eMIMO-Types, e.g., two types of RI are contained in one CSI report. Therefore, we prefer Alt 1 for A-CSI triggering.
Proposal 3: Either one of CSI for 1st eMIMO-Type and CSI for 2nd eMIMO-Type is triggered for aperiodic CSI reporting.
3.   Conclusion
In this contribution, we discuss some remaining details to support hybrid CSI. Base on the discussion, we have the following proposals. 
Proposal 1: Combination 1 should be supported for hybrid mechanism 1.
Proposal 2: Utilization of legacy CSI reporting configuration for the 1st  eMIMO-Type should be supported for combination 1.
Proposal 3: Either one of CSI for 1st eMIMO-Type and CSI for 2nd eMIMO-Type is triggered for aperiodic CSI reporting.
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