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1 Introduction
In RAN1 NR2018AH#1, most of the design of UCI on PUSCH is completed. However, there are still few remaining issues to be resolved/clarified.

· Remaining details of HARQ-ACK puncturing

· Remaining issue of CSI on PUSCH
· UCI partition in case of frequency hopping
This contribution clarifies/discusses these aspects.

2 Remaining details of HARQ-ACK puncturing
It was agreed in RAN1 NR2018AH#1 that in case of UE determining to transmit 0, 1, or 2 HARQ-ACK bits, reservation of HARQ-ACK REs is as follows:
Agreements: (@RAN1 NR2018AH#1)
· When UE determines to transmit 0, 1, or 2 HARQ-ACK bits, the amount of reserved REs for HARQ-ACK is calculated assuming 2-bits HARQ-ACK, along with the beta_offset determined for the particular transmission

· In case the number of HARQ-ACK bits determined at UE is less than 2, the modulated HARQ-ACK symbols are mapped to a subset of the reserved REs.

· FFS how to determine the subset

Working assumption:

· Locations of the reserved REs for HARQ-ACK are determined following the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs.

As shown in the Figure 1, based on current progress of UCI on PUSCH, when UE determines to transmit 0, 1, or 2 HARQ-ACK bits, we have 
· Step 1 : To reserve HARQ-ACK REs by assuming 2bits, and map the reserved REs following the same rule for mapping modulated UCI symbols

· Step 2 : To allocate REs for CSI part 1, with skipping reserved REs for HARQ-ACK

· Step 3 : To allocate REs for CSI part 2 and UL-SCH, without skipping reserved REs for HARQ-ACK

· Step 4 : HARQ-ACK REs are mapped to the reserved HARQ-ACK REs
· HARQ-ACK 0 bit: do nothing

· HARQ-ACK 1 bit: FFS

· HARQ-ACK 2 bits: mapped to all the reserved HARQ-ACK REs
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Figure 1. UCI on PUSCH for HARQ-ACK puncturing
There is only FFS part for scenario of 1 bit HARQ-ACK puncturing. There are at least two alternatives (as shown in Figure 2):

· Alt1 : d=1 always

· This is simpler, but it has worse frequency diversity

· Alt2 : d=floor(number available REs on i-th OFDM symbol / the number of unmapped modulated symbols for that UCI)
· This provides better frequency diversity. In addition, the rule follows the same one when UCI symbols are mapped. Therefore, there is no additional implementation complexity.
Hence, we have the below proposals
Proposal #1: When 1 bit HARQ-ACK is mapped into the reserved REs, it follows the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs. 

· Note : only the reserved REs are considered as the available REs
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Figure 2. UCI on PUSCH for 1 bit HARQ-ACK puncturing
3 Remaining issue of CSI on PUSCH
3.1 Reference payload size of CSI part 2

From the below paragraph, which is copied from 38.212, OCSI-2 is the number of bits for CSI part 2. 
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O, is the number of bits for CSI part 2;




Figure 3. Calculation of resource for CSI part 2

Actual number of bits for CSI part 2 depends on the rank. To ensure common understanding between NW and UE for resource reservation for CSI part 2, some reference payload size of CSI part 2 has to be defined. From the experience of UCI on PUSCH of LTE, when calculating the resource for CQI/PMI, rank 1 is assumed. The concept can also be applied in NR for both “UCI on PUSCH” and “PUCCH” as long as there are two parts CSI transmission. Therefore, we have the below proposal:
Proposal #2: 
· When calculating the resource for CSI part 2 on PUSCH, rank 1 is assumed as the reference payload size of CSI part 2. 

· Note : CSI-type related parameters follow higher layer configuration. E.g.

· Type I CSI : CodebookMode follows higher layer configuration

· Type II CSI : NumberOfBeams follows higher layer configuration
3.2 Remaining issue of CSI on PUSCH

It was agreed in RAN1 NR2018AH#1
------------------------------------------------------------------------
Agreement: (@ RAN1 NR 2018AH#1)
When CSI reports originally configured for PUCCH reporting is piggybacked on PUSCH,

· The CSI encoding scheme and omission follows that of PUCCH 

------------------------------------------------------------------------
When a periodic wideband CSI reporting by PUCCH collides with PUSCH, UCI on PUSCH is applied. The encoding scheme follows that of PUCCH, which means the wideband CSI reporting is still a non-split CSI, and there is no so called CSI part 1 and CSI part 2. When calculating resource for CSI, beta_offset is required. However, NR only defines beta_offset for CSI part 1 and for CSI part 2, not for non-split CSI. Since non-split CSI typically include RI and its payload size is not huge, the simplest solution is to use beta_offset for CSI part 1.
Proposal #3: For UCI on PUSCH, the similar procedure for CSI part 1 is applied to non-split CSI, i.e., to use CSI part 1’s beta_offset and to use the same resource mapping mechanism.

It is noted that there are two different categories of CSI reporting:

· Non-split-CSI : for wideband/partial-band reporting

· Split-CSI partitioned into CSIpart1 and CSIpart2 : for subband reporting

Therefore, for UCI on PUSCH, a PUSCH carrying multiple CSI reports may include 

· Case 1 : Multiple non-split-CSIs
· Case 2 : Multiple split-CSIs.

· Case 3 : Non-split-CSI and split-CSI.

How to joint encode in such scenario is not clear yet. 

· Case 1 : Multiple non-split-CSIs

· It is nature to jointly encode all these non-split-CSIs
· Case 2 : Multiple split-CSIs.
· All CSIpart1 are jointly encoded together and all CSIpart2 are jointly encoded together
· Case 3 : Non-split-CSI and split-CSI.
· Since the payload size of non-split-CSI is known in advance and it may also include RI information, therefore for simplicity it shall be jointly encoded with CSIpart1 of split-CSI

It is noted that the above proposal is also applicable to cases of PUCCH. Therefore, we have the below proposal :

Proposal #4: When PUSCH or PUCCH carries multiple CSI reports

· Case A : Multiple non-split-CSIs ( all non-split-CSIs are jointly encoded together

· Case B : Multiple split-CSIs ( All CSIpart1 are jointly encoded together and all CSIpart2 are jointly encoded together
· Case C : Both non-split-CSI and split-CSI ( non-split-CSI and all CSIpart1 of split-CSI are jointly encoded together. All CSIpart2 are jointly encoded together
4 UCI partition in case of frequency hopping
It was agreed (as shown in below) that if frequency hopping for PUSCH is enabled, modulation symbols of UCI are partitioned into two parts, where the first part has floor(N1/2) and the 2nd part ceiling(N1/2) modulation symbols.
Agreements: (@RAN1#91)
· If frequency hopping for PUSCH is enabled, the N1 modulation symbols of HARQ-ACK are partitioned into HARQ-ACK part A and HARQ-ACK part B, where part A has floor(N1/2) and part B has ceiling(N1/2) modulation symbols. HARQ-ACK part A is mapped to the first hop. HARQ-ACK part B is mapped to the second hop.
· If frequency hopping for PUSCH is enabled, the N2 modulation symbols of CSI part 1 are partitioned into CSI part 1A and CSI part 1B, where part 1A has floor(N2/2) and part 1B has ceiling(N2/2) modulation symbols. CSI part 1A is mapped to the first hop. CSI part 1B is mapped to the second hop.
· If frequency hopping for PUSCH is enabled, the N3 modulation symbols of CSI part 2 are partitioned into CSI part 2A and CSI part 2B, where part 2A has floor(N3/2) and part 2B has ceiling(N3/2) modulation symbols. CSI part 2A is mapped to the first hop. CSI part 2B is mapped to the second hop.
The general rule of UCI partition is simple and makes sense. However, additional exception rule has to be specified in case the equation is not applicable. As shown in Figure 3, this is the case of UCI only and there are different number of OFDM symbols per hop. In such case, the simple rule described in agreements may not work fine. To partition CSI-part2 into roughly equally two parts is not applicable
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Figure 4. One example of UCI on PUSCH (UCI only with different number of OFDM symbol per hop)

One simple rule to handle such scenario is : 

Step 1 : Assuming m is the number of modulated symbols of concerned UCI. 
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, where M1 and M2 are the number of modulated symbols in the first and the second hop respectively.
Step 2 : Assuming R1 and R2 are available number of modulated symbols of concerned UCI in the first and the second hop respectively. 
Step 3 : If M1 > R1, let M1 = R1 and M2 = m - R1. Elseif M2 > R2, let M2 = R2 and M1 = m – R2.

Proposal #5: In case one of number of modulated symbols for these two partitioned UCI parts being larger than the available number of symbols

· If M1 > R1, let M1 = R1 and M2 = m - R1. Elseif M2 > R2, let M2 = R2 and M1 = m – R2.

· Definition 1 : Assuming m is the number of modulated symbols of concerned UCI. 
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, where M1 and M2 are the number of modulated symbols in the first and the second hop respectively.

· Definition 2 : Assuming R1 and R2 are available number of modulated symbols of concerned UCI in the first and the second hop respectively. 

5 Conclusion

This contribution addresses some remaining issues of “UCI on PUSCH”, and we have the below proposals :

Proposal #1: When 1 bit HARQ-ACK is mapped into the reserved REs, it follows the same rule defined (in RAN1 #91) for mapping modulated HARQ-ACK symbols to REs. 

· Note : only the reserved REs are considered as the available REs
Proposal #2: 
· When calculating the resource for CSI part 2 on PUSCH, rank 1 is assumed as the reference payload size of CSI part 2. 

· Note : CSI-type related parameters follow higher layer configuration. E.g.

· Type I CSI : CodebookMode follows higher layer configuration

· Type II CSI : NumberOfBeams follows higher layer configuration
Proposal #3: For UCI on PUSCH, the similar procedure for CSI part 1 is applied to non-split CSI, i.e., to use CSI part 1’s beta_offset and to use the same resource mapping mechanism.

Proposal #4: When PUSCH or PUCCH carries multiple CSI reports

· Case A : Multiple non-split-CSIs ( all non-split-CSIs are jointly encoded together

· Case B : Multiple split-CSIs ( All CSIpart1 are jointly encoded together and all CSIpart2 are jointly encoded together
· Case C : Both non-split-CSI and split-CSI ( non-split-CSI and all CSIpart1 of split-CSI are jointly encoded together. All CSIpart2 are jointly encoded together
Proposal #5: In case one of number of modulated symbols for these two partitioned UCI parts being larger than the available number of symbols

· If M1 > R1, let M1 = R1 and M2 = m - R1. Elseif M2 > R2, let M2 = R2 and M1 = m – R2.

· Definition 1 : Assuming m is the number of modulated symbols of concerned UCI. 
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, where M1 and M2 are the number of modulated symbols in the first and the second hop respectively.

· Definition 2 : Assuming R1 and R2 are available number of modulated symbols of concerned UCI in the first and the second hop respectively. 
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