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The following agreement on mechanism 1 of hybrid CSI was made in RAN1#86 [1]:
	Agreement
· Confirm the working assumption of hybrid CSI
· Further details on Mechanism 1 
· Reporting content
· For the 1st eMIMO-Type (CLASS A), i1(1) and x-bit RI(1) are reported, while CQI(1) and i2(1) are not reported
· If UE supports up to 2 layers, x=0
· If UE supports up to 8 layer, x=1 where RI(1)={1, 3}
· For the 2nd eMIMO-Type (CLASS B K=1), CQI(2), PMI(2), RI(2) are reported 
· Note: Superscript (y) represents the y-th eMIMO-Type, where y=1,2. 
· FFS: Option for one eMIMO-Type to inherit RI reporting from another eMIMO-Type
· Working assumption: No inter-dependence between CSI calculations across two eMIMO-Types
· Reuse legacy CSI reporting mechanisms with the following refinement
· For PUCCH-based P-CSI
· Report i1(1) and RI(1)  in one subframe
· FFS: Using either PUCCH format 2 or 3
· Periodicity of the CSI of 1st eMIMO-Type is an integer multiple of RI(2) periodicity of the 2nd eMIMO-Type. 
· Subframe offset of the 1st eMIMO-Type is defined relative to RI(2) subframe offset of the 2nd eMIMO-Type. 
· FFS: Whether subframe offset of the 1st eMIMO-Type can be fixed to 0
· Priority rule for collision handling is FFS. 
· For PUSCH-based A-CSI
· FFS: what CSI(s) will be reported from UE when aperiodic CSI reporting is triggered
· Option 1: UE reports both CSI of 1st eMIMO-type and CSI of 2nd eMIMO-type.
· Option 2: UE reports either one of the 2 eMIMO-types.
· CSI encoding/mapping mechanisms is FFS.




This contribution focuses on how to resolve the highlighted FFS points in order to complete the specification of mechanism 1 hybrid CSI. 

Open issues and solutions
The above three open issues are discussed in this section.

1.1 CSI calculation inter-dependence between 1st and 2nd eMIMO-Types
Based on the agreements in RAN1#86, the only motivation for CSI calculation inter-dependence between the 1st and the 2nd eMIMO-Types is the possibility of rank inheritance between the two eMIMO-Types. Since RI(1) for the 1st eMIMO-Type can only take value from {1, 3} (and is fixed to 1 for UEs supporting up to 2 layers), the only possible rank inheritance is from the 1st eMIMO-Type to the 2nd eMIMO-Type (that is, RI(2) is set to RI(1)). 
Enabling such inheritance, however, is problematic at least for the following reason. Restricting RI(2) to take value from {1, 3} (or fixed to 1 for UEs supporting up to 2 layers) is too constraining for the 2nd eMIMO-Type. Since the use case of the 2nd eMIMO-Type (CLASS B K=1 NZP CSI-RS resource) is aimed for UE-specific beamformed CSI-RS, there is no reason to restrict RI(2) as such. Unlike RI(2), the sole purpose of RI(1) is not for enabling rank adaptation, but for enabling the eNB to beamform CSI-RS along orthogonal beams when the MIMO channel exhibits certain characteristics (e.g. wide angular spread, multi-cluster). In light of the stark difference in purposes between RI(1) and RI(2), setting the value of RI(2) to RI(1) would result in performance degradation.  

Proposal: Confirm the working assumption of no interdependence between CSI calculations across two eMIMO-Types.

1.2 PUCCH format used for 1st eMIMO-Type
For PUCCH-based P-CSI, the 1st eMIMO-Type only requires one-subframe wideband CSI reporting which consists of i1(1) and RI(1). Based on the current CLASS A codebooks (and their potential extensions in Rel.14 to accommodate 20, 24, 28, and 32-port CSI-RS), it is expected that the payload of i1(1) ranges from [6 to 11] bits. Together with RI(1), the total CSI reporting payload for the 1st eMIMO-Type ranges from [7 to 12] bits. This is illustrated in Table 1. This table is constructed assuming that similar to Rel. 13, the oversampling factor (O1,O2) = (8,8) is supported for Rel. 14 antenna port layouts with N1 < N2.  
[bookmark: _Ref462161211]Table 1 Payload size for 1st eMIMO-Type: i1(1)
	
	Range of i1(1) payload size for different (N1,N2) and (O1,O2)

	
	8, 12 & 16 ports (Rel.13)
	20, 24, 28, 32 ports (Rel.14)

	i1(1) for RI=1
	6-9
	7-10

	i1(1) for RI=3
	8-10
	9-11



In light of the payload size, PUCCH format 3 is a better alternative for reporting i1(1)+RI(1) of the 1st eMIMO-Type at least for the following reasons:
· Since i1(1)+RI(1) of the 1st eMIMO-Type is mostly reported less often than the CSI of the 2nd eMIMO-Type, a loss in i1(1)+RI(1) report causes a more severe impact on the system performance. Therefore, i1(1)+RI(1) needs to be well-encoded and more protected. Since the maximum payload size for PUCCH format 2 is 11 bits, the decoding performance (related to the coverage) of i1(1)+RI(1) will be poor if PUCCH format 2 is used. 
· Although the number of resources for PUCCH format 3 is smaller than PUCCH format 2 (5 versus 6), the use of PUCCH format 3 for reporting i1(1)+RI(1) is not as often as the CSI for the 2nd eMIMO-Type. Therefore, the eNB can “multiple-book” the assignment of PUCCH format 3 resources (when the resource is not used in between reporting instances, the resource can be used by other UEs). 
· The specification impact pertaining to the use of PUCCH format 3 for reporting i1(1)+RI(1) is marginal. 
· Finally, using PUCCH format 3 allows some more additional bits for, e.g. HARQ-ACK (which can be multiplexed with i1(1)+RI(1)), future extension. 

Proposal: Use PUCCH format 3 to report i1(1)+RI(1) in one subframe for the 1st eMIMO-Type

1.3 PUSCH-based A-CSI
The following three alternatives are possible:
· Alt1. Report both the 1st and the 2nd eMIMO-Types (1 possibility)  
· Alt2. Report either only the 1st eMIMO-Type or the 2nd eMIMO-Type (2 possibilities) 
· Alt3. Report either only the 1st eMIMO-Type, the 2nd eMIMO-Type, or both (3 possibilities)
First, we consider triggering an A-CSI report associated with only one of the two eMIMO-Types. If there is no interdependence between CSI calculations across the two eMIMO-Types, such A-CSI triggering does not cause any additional complication (either specification impact or performance). 
That is, when an A-CSI reporting associated with the 1st eMIMO-Type (CLASS A with N(1) ports) is triggered, the reported i1(1)+RI(1) is intended to assist the eNB to perform UE-specific beamforming on CSI-RS. 
On the other hand, when an A-CSI reporting associated with the 2nd eMIMO-Type (CLASS B K=1 with N(2) ports) is triggered, the UE measures a previously beamformed CSI-RS resource and reports CQI+PMI+RI associated with the N(2)–port CSI-RS resource (N(1) >N(2)). Overall, the UE shall not assume that the measured CSI-RS is beamformed with the PMI reported in the 1st eMIMO-Type. 
Note that the feedback overhead associated with the 2nd eMIMO-Type can be much higher than that of the 1st eMIMO-Type. Therefore, supporting mechanism to trigger only A-CSI report for the 1st eMIMO-Type is clearly beneficial. Therefore, Alt1 is perhaps the least desirable alternative. 
Second, comparing Alt2 and Alt3 amounts to assessing whether reporting A-CSI for both eMIMO-Types within one reporting instance is beneficial. As discussed before, CSI calculation associated with the two eMIMO-Types are independent of each other (since they are targeted for different purposes). In addition, since the precoding information for the 1st eMIMO-Type (i1(1)+RI(1)) is intended to assist the eNB in beamforming the CSI-RS, adding this CSI to an A-CSI report for the 2nd eMIMO-Type does not seem to be beneficial – at least from network performance perspective.
[bookmark: _GoBack]One may argue that triggering A-CSI only for the 1st eMIMO-Type (at most 11 bits regardless of the A-CSI mode – since i1(1)+RI(1) is always wideband – which results in a total payload of 19 bits with an 8-bit CRC) is wasteful. Hence triggering it together with an A-CSI for the 2nd eMIMO-Type is more economical. This argument, however, is weak at least for the following reasons:
· The eNB can trigger this report together with a grant for UL transmission. Therefore, this A-CSI report is multiplexed with data transmission.
· When the eNB needs to acquire A-CSI for the purpose of beamforming CSI-RS, triggering an A-CSI report with a potentially much higher payload (for the 2nd eMIMO-Type) is unnecessary and indeed wasteful – especially if such additional A-CSI is of no use/need to the eNB.     
 Therefore, reporting A-CSI for both eMIMO-Types within one reporting instance does not seem beneficial.

Proposal: Support triggering A-CSI report of only one of the two eMIMO-Types 
· A third possibility of triggering A-CSI report containing both the eMIMO-Types is not supported

[bookmark: _Ref446598642]Conclusions
To complete the specification support for hybrid CSI in Rel.14, the following proposals are made:
· Confirm the working assumption of no interdependence between CSI calculations across two eMIMO-Types
· Use PUCCH format 3 to report i1(1)+RI(1) in one subframe for the 1st eMIMO-Type
· Support triggering A-CSI report of only one of the two eMIMO-Types 
· A third possibility of triggering A-CSI report containing both the eMIMO-Types is not supported 
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