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1 Introduction
Regarding to “encoding for long PUCCH-based CSI reporting”, it was agreed in NR AH#3 (R1-1716901),

· For wideband or partial-band reporting, use the same solution as short PUCCH
· The same payload irrespective of RI/CRI
· For subband reporting
· Use solution as for PUSCH (two-part encoding): slide 4 of R1-1715288
· Note: CRI/RI can be decoded first to determine the payload of PMI/CQI

Unlike LTE PUCCH format 3/4/5, where all UCI bits are collected and encoded together for format 3/4/5,  separate UCI encoding is introduced in NR for subband reporting. There is no detailed discussion on this aspect yet. This contribution shares our design consideration. 

2 Separate UCI encoding for long-PUCCH
Table 1 summaries the CSI reporting types and the physical channels carrying them. When CSI is carried by short-PUCCH, there is no CSI splitting; however, when CSI is carried in PUSCH, it is always split into CSIpart1 and CSIpart2. Regarding to CSI transmitted in long-PUCCH, there is no CSI splitting for wideband or partial-band reporting, but CSI is split for subband reporting. From the agreed R1-1716901, the splitting follows solution as for PUSCH.

Regarding to separate CSI encoding for long-PUCCH, at least two questions have to be examined.

•
Question 1 : What if there are other types of UCI? (HARQ-ACK, SR)

•
Question 2 : How to calculate resource for each portion and how to allocate them
These two questions are to be discussed in the following sub-sections.

Table 1. CSI reporting vs PUCCH/PUSCH
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2.1 Discussion on HARQ-ACK and SR in addition to CSI
Besides CSI, there are still two different types of UCI : HARQ-ACK and SR. LTE supports simultaneous HARQ-ACK and periodic CSI reporting. There is no issued raised in LTE, so NR shall also support such feature. SP-CSI (semi-persistent CSI) is similar to periodic CSI, and therefore simultaneous HARQ-ACK and semi-persistent CSI reporting shall also be supported. 
Proposal #1: In case of separate CSI encoding in long-PUCCH, simultaneous transmission of HARQ-ACK and CSI is supported.

If simultaneous transmission of HARQ-ACK and CSI is supported, the following question is whether HARQ-ACK and CSI is separately or jointly encoded.
· CSI no splitting : the use cases are wideband or partial-band reporting in either short or long PUCCH
· Alt1 : joint encoding of HARQ-ACK and CSI
Joint encoding also provides larger coding gain especially for polar code. There is no ambiguity of payload sizes of HARQ-ACK and CSI in the use cases. Therefore, joint encoding is preferred 
· Alt2 : separate encoding of HARQ-ACK and CSI
From the argument we have in “Alt1 : joint encoding of HARQ-ACK and CSI”, Alt2 is not preferred.

Proposal #2: In case of “simultaneous transmission of HARQ-ACK and CSI” & “CSI no splitting”, HARQ-ACK and CSI are jointly encoded.

· CSI split into part 1 and part 2 : the use case is subband reporting in long-PUCCH

· Alt1 : separate encoding of HARQ-ACK and CSI
One great advantage of separate encoding of HARQ-ACK and CSI is that the mechanism to calculate resource for each portion (HARQ-ACK, CSIpart1, and CSIpart2) may follow that in UCI on PUSCH. It is noted that those beta_offset can also be applied, for example, to use the semi-static beta_offset values. 
· Alt2 : joint encoding of HARQ-ACK and “CSIpart1 or CSIpart2”
Since we do see the benefit of “Alt1 : separate encoding of HARQ-ACK and CSI”, there is no strong reason to choose Alt2.
Proposal #3: In case of “simultaneous transmission of HARQ-ACK and CSI” & “CSI partitioned into two parts”, HARQ-ACK, CSI part 1, and CSI part 2 are separately encoded.

SR is also analysed as the following

· CSI no splitting : the use cases are wideband or partial-band reporting in either short or long PUCCH
To support simultaneous SR, SR can be jointly or separately encoded with other UCIs. There is no much effort to perform the joint encoding and LTE has already supported such joint encoding. Therefore, we think NR shall also support such mechanism.

Proposal #4: In case of “simultaneous transmission of SR and CSI” & “CSI no splitting”, SR and CSI are jointly encoded.

· CSI split into part 1 and part 2 : the use case is subband reporting in long-PUCCH

· Alt1 : separate encoding of SR and other UCI
From our proposal#3, we prefer to support “HARQ-ACK, CSI part 1, and CSI part 2 are separately encoded”. With such assumption, if SR is introduced also by separate encoding, it makes the whole mechanism quite complicated. For example, if UCI on PUSCH like mechanism is to be used, one more beta_offset for SR is required. The way how to allocate SR into PUCCH has to be designed further. Therefore, we prefer the following Alt2 or Alt3.
· Alt2 : joint encoding of SR with either “HARQ-ACK”, “CSIpart1” or “CSIpart2”
If Alt2 is adopted, the whole mechanism of “UCI on PUSCH” can be applied in separate UCI encoding in long-PUCCH, which simplifies the whole NR spec

· Alt3 : SR not to be simultaneously transmitted
Alt3 is another reasonable solution because NW may avoid the collision of periodic SR and SP-CSI reporting with appropriate scheduling. Even if they collide occasionally, skipping one SR chance shall be fine.
Proposal #5: In case of “simultaneous transmission of SR and CSI” & “CSI partitioned into two parts”, down-select the below two options

· Option1 : joint encoding of SR with either “HARQ-ACK”, “CSIpart1” or “CSIpart2”

· Option2 : SR not to be simultaneously transmitted (i.e. to be dropped)

Table 2 summarizes our view on joint or separate encoding of HARQ-ACK, SR and CSI for different cases of PUCCH.

Table 2. Joint or separate encoding of HARQ-ACK and CSI
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2.2 Resource calculation and allocation
From Section 2.1, we propose to have three different portions in case CSI is split into two parts. One great advantage is to re-use related mechanism of UCI on PUSCH, so that simplifies NR specification.

Proposal #6: When separate UCI encoding is applied, the calculation of resource for each UCI portion follows the mechanism of UCI on PUSCH of “UCI only” and “HARQ-ACK rate-matching”. The beta_offset value refer to those of semi-static beta_offset indication
Regarding to resource allocation, there are three potential methods

· Alt1 : follow that of UCI on PUSCH of “UCI only” and “HARQ-ACK rate-matching”
The advantage is to have one unified solution for both UCI on PUSCH and UCI on PUCCH.
· Alt2 : LTE PUCCH format 4 like (virtual-time-first, and then OFDM-symbol by OFDM-symbol), portion by portion (HARQ-ACK, CSIpart1, CSIpart2)
NR PUSCH of CP-OFDM and NR PUSCH of DFT-S-OFDM without hopping are also have the same RE allocation as LTE PUCCH format 4. The advantage of Alt2 is to have similar RE allocation as NR PUSCH.

· Alt3 : LTE PUSCH like (time-first), portion by portion (HARQ-ACK, CSIpart1, CSIpart2)
It is noted that time-first RE allocation provides each portion additional freq diversity due to hopping. Therefore, better BLER performance is obtained. That is also the main reason why LTE PUSCH adopts time-first RE allocation. Considering buffer and hard real time, NR PUSCH has ruled out time-first RE allocation despite of its better BLER in case of PUSCH with hopping. However, there is no buffer and hard real time concern for PUCCH. Hence, Alt3 shall be adopted for NR PUCCH. It is noted for unification such RE allocation shall always be applied for NR PUCCH format 3 and 4. Figure 1 shows the example of time-first RE allocation.
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Figure 1. Time-first RE allocation for NR PUCCH format 3 and 4

Proposal #7: Time-first RE allocation shall be adopted in NR PUCCH format 3 and 4

3 Conclusion

Table 3 summarizes the proposed principles to handle joint or separate UCI encoding in PUCCH considering CSI reporting.

Table 3. Joint or separate encoding in PUCCH considering CSI
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In addition, we have the below proposals :

Proposal #1: In case of separate CSI encoding in long-PUCCH, simultaneous transmission of HARQ-ACK and CSI is supported.

Proposal #2: In case of “simultaneous transmission of HARQ-ACK and CSI” & “CSI no splitting”, HARQ-ACK and CSI are jointly encoded.

Proposal #3: In case of “simultaneous transmission of HARQ-ACK and CSI” & “CSI partitioned into two parts”, HARQ-ACK, CSI part 1, and CSI part 2 are separately encoded.

Proposal #4: In case of “simultaneous transmission of SR and CSI” & “CSI no splitting”, SR and CSI are jointly encoded.

Proposal #5: In case of “simultaneous transmission of SR and CSI” & “CSI partitioned into two parts”, down-select the below two options

· Option1 : joint encoding of SR with either “HARQ-ACK”, “CSIpart1” or “CSIpart2”

· Option2 : SR not to be simultaneously transmitted (i.e. to be dropped)
Proposal #6: When separate UCI encoding is applied, the calculation of resource for each UCI portion follows the mechanism of UCI on PUSCH of “UCI only” and “HARQ-ACK rate-matching”. The beta_offset value refer to those of semi-static beta_offset indication

Proposal #7: Time-first RE allocation shall be adopted in NR PUCCH format 3 and 4
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