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Background
In Rel-13 PUCCH format 4 and 5 were introduced to support higher payloads of UCI. In order to cope with large variations in the payload, rules were defined to drop part of the UCI and meet a coderate constraint. The following agreements were reached during the WI phase:· For a UE configured with two PUCCH format 4 resources with different number of PRBs for periodic CSI only, 
· Denote X = NRE x 2 x r, where NRE is the number of REs available for data from the PUCCH format 4 resource with the smaller number of PRBs and r is the configured maximum code rate for PUCCH format 4. 
· If the total number of CSI feedback bits before any potential dropping is less than or equal to X, the PUCCH format 4 resource with the smaller number of PRBs is used for the CSI transmission. 
· Otherwise, the PUCCH format 4 resource with the larger number of PRBs is used for the CSI transmission.
· For a UE that transmits periodic CSI on a PUCCH format 4/5 resource in a subframe, 
· Denote X = NRE x 2 x r for PUCCH format 4 resource and X = NRE x r for PUCCH format 5 resource, where NRE is the number of REs available for data from the PUCCH format 4/5 resource and r is the configured maximum code rate for PUCCH format 4/5. 
· If the total number of CSI feedback bits before any potential dropping is larger than X, the CSI reports to be transmitted on PUCCH are selected from the highest to lower priority until X is reached, where FFS on the priority of a CSI report and the ordering between multiple CSI reports



Which define how the resources are selected and UCI dropping rules. Moreover, the following agreements were reached regarding UCI on PUSCH:· For a UE configured to transmit more than 15 RI bits on PUSCH,
· If the number of RI bits is 16-22, dual RM coding is applied
· If the number of RI bits is more than 22, 8-bit CRC is added and Rel-8 TBCC is applied

· The UCI data-to-RE mapping on PUSCH follows the existing legacy behaviour
· For the transmission of up to 22 HARQ-ACK bits on PUSCH,
· No CRC is included in the HARQ-ACK transmission as in Rel-12
· Single or dual RM and rate-matching are used as in Rel-12 
· For a Rel-13 UE configured with two beta offsets for HARQ-ACK transmission on PUSCH, 
· One beta offset (i.e. the existing RRC parameter) is applied when up to 22 HARQ-ACK bits are transmitted on PUSCH   
· The other beta offset (i.e. a new RRC parameter) is applied when more than 22 HARQ-ACK bits are transmitted on PUSCH




Additionally, the following agreement was made during RAN1#88b in the context of eCA:
•	The procedure to determine the UCI payload for transmission in PUSCH follows the procedure to transmit it in PUCCH.



Issue
With the agreements above, it is not clear how the UE would determine the UCI payload for transmission over PUCCH. For example, the UCI dropping procedure follows the number of resources to be used for PUCCH, but in the case of PUSCH this may lead to unnecessary dropping (in the case of large PUSCH allocations) or to less than necessary dropping (in the case of small PUSCH allocations).

Observation 1: The dropping rules for UCI over PUSCH are not specified in the context of eCA.

An additional problem is a difference on how the coding is performed on PUSCH vs PUCCH: on PUCCH fmt4/5, the CSI and HARQ-ACK information is jointly encoded, but on PUSCH RI and ACK are separately encoded, and the rest of the UCI are jointly encoded. Therefore, the maximum code rate constraint imposed over transmission in PUCCH may have to be modified.

Possible solutions
Option 1: Dropping of UCI follows the procedure over PUCCH (i.e., based on PUCCH resources)

The simplest solution for the dropping would be to follow the same procedure as PUCCH, i.e., assume the transmission is made over PUCCH (including the resource selection in case of multiple resources), dropping UCI to meet the code rate, and then transmit the final set of UCI over PUSCH.


Option 2: Dropping of UCI follows a single code rate limit taking into account the resources used over PUSCH

One issue with option 1 is that it neglects the amount of resources that are available for PUSCH. In some cases, it may result in dropping that is not optimum, failing in the direction of excessive or insufficient dropping. 
The number of coded bits for CQI/PMI, RI/CRI are obtained following the procedures in TS 36.212 as ,with L denoting the number of CRC bits for each case. Now, we can impose the coding rate constraint as
 


And the UE drops CSI reports until such constraint is met.

Option 3: Dropping of UCI follows two code rate limits taking into account the resources used over PUSCH

Since RI and CQI are separately encoded, it may not make sense to impose an overall rate constraint on the complete transmission, but rather two independent rate constraints as


In this case, the dropping procedure is a bit more complicated, since the first rate constraint (the one for RI bits) will likely include the higher priority reports:
· If the RI constraint is not met, drop CSI reports containing RI by priority until the first rate constraint is met.
· After the first dropping is performed, and if the rate constraint for CQI is not met, drop CSI reports by priority until the second rate constraint is met.

Proposal: Adopt one of the 3 options for dropping of UCI over PUSCH:
· Option 1: Follow PUCCH procedure
· Option 2: Based on PUSCH resources and single code rate constraint
· Option 3: Based on PUSCH resources and dual code rate constraint (one for RI/CRI, one for PMI/CQI)

Summary of proposals
Observation 1: The dropping rules for UCI over PUSCH are not specified in the context of eCA.

Proposal: Adopt one of the 3 options for dropping of UCI over PUSCH:
· Option 1: Follow PUCCH procedure
· Option 2: Based on PUSCH resources and single code rate constraint
· Option 3: Based on PUSCH resources and dual code rate constraint (one for RI/CRI, one for PMI/CQI)
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