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1 Introduction

At the RAN1#91 meeting, the following agreements and working assumption were made with regard to UCI piggybacked on PUSCH [1]:

Agreements:

· 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.

Agreements:

· Modulated HARQ-ACK symbols are mapped starting on the first available non-DMRS symbol after the first DMRS symbol(s), regardless of number of DMRS symbols in PUSCH transmission.

· Modulated CSI part 1 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 1 is not mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH

· CSI part 1 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· Modulated CSI part 2 symbols are mapped starting on the first available non-DMRS symbol, regardless of number of DMRS symbols in PUSCH transmission.

· CSI part 2 can be mapped on the reserved HARQ-ACK REs in case of HARQ-ACK puncturing PUSCH.

· CSI part 2 is not mapped on the HARQ-ACK REs in case of HARQ-ACK rate-matching PUSCH.

· CSI part 2 is not mapped on the CSI part 1 REs.

Working assumption:

· UCI mapping in frequency domain follows the rules below:

· Given a UCI type, on i-th OFDM symbol, modulated UCI symbols are mapped to REs in a distributed manner with distance d determined as following:

· d =1, if the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i is larger or equal to the number of available REs in this OFDM symbol.

· d = floor(number available REs on i-th OFDM symbol/the number of unmapped modulated symbols for that UCI at the beginning of OFDM symbol i) 

Further, at the RAN1 AH 1801 meeting, the following agreements and working assumption were made regarding UCI multiplexing on PUSCH [2]:

Agreements:

· It is clarified that based on previous agreements, when UCI is piggybacked on PUSCH, UCI is not FDMed with DMRS

· This applies to the case regardless of whether UL-SCH is present on PUSCH or not

Agreements:

· 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

Agreements:

· Clarify in 38.212 that modulated HARQ-ACK symbols are not mapped to non-DMRS symbol before the first DMRS symbol(s) 

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.

Agreements:

· In step 5 in the pseudo codes to do “Data and control multiplexing” in Section 6.2.7 of 38.212, ACK puncture REs over set [image: image1.png]
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Agreements

· When piggybacked on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK denoted as 
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, CSI part 1 transmission denoted as 
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, and CSI part 2 transmission denoted as 
[image: image5.wmf]CSI-part2

Q

¢

, are determined based on following equations:
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where

· 
[image: image9.wmf]a

 ={0.5, 0.65, 0.8, 1} is a new RRC configured parameter of two bits, which is configured per UE (per CC)

· FFS whether or not 
[image: image10.wmf]a

is applicable to the case when there is no UL-SCH

· 
[image: image11.wmf]0
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is the symbol index of first available non-DMRS symbol after the first DMRS symbol(s). 

In the contribution, we discuss some remaining aspects on UCI multiplexing on PUSCH and provides the draft text proposal to complete the specifications accordingly. 
2 Number of modulated symbols with frequency hopping
At the RAN1#91 meeting [1], it was agreed that in case of frequency hopping, roughly equal split for UCI symbols in each frequency hop is employed, with the motivation of exploiting the benefit of frequency diversity for UCI transmission. Note that depending on the number of symbols allocated for PUSCH, the number of symbols for PUSCH and hence the number of available REs in two frequency hops can be different. 
In this case, when UCI is transmitted on PUSCH without UL-SCH, equal split of UCI symbols in each hop may lead to unoccupied REs in some symbols or UCI symbols may need to be dropped due to the fact that the number of REs allocated for UCI may not be sufficient. This may not be desirable in terms of spectrum efficiency and degraded UCI decoding performance. 

Figure 1 illustrates one example of UCI mapping on PUSCH in case when different available REs are allocated in two frequency hops. In the example, 1 and 2 symbols, correspondingly 12 and 24 REs are allocated for UCI in the 1st and 2nd frequency hops, respectively. Assuming HARQ-ACK (10 symbols) and CSI part 1 (26 symbols) are transmitted on PUSCH without UL-SCH, with equal split of UCI symbols in each hop, 5 HARQ-ACK symbols are transmitted in the first and second hops, respectively. However, the remaining REs in the first hop is only 7, which is not sufficient for the transmission of CSI part 1. In this case, UE may need to drop a part of CSI part 1 in the first hop. Additionally, the remaining REs in the second hop is 19, which indicates that some REs in the last symbol of second hop may be unoccupied. 
[image: image12.png]B DM-RS symbol
UCIREs





Figure 1. Different available REs for UCI mapping in two frequency hops
To address this issue, one straightforward solution is to equally split the UCI symbols for some UCI type(s) in case of frequency hopping, while the remaining REs can be allocated directly for the other UCI type. For instance, if HARQ-ACK and CSI part 1 are transmitted on PUSCH without UL-SCH, the number of modulated symbols for HARQ-ACK can be equally split in each frequency hop, while the remaining REs in each hop are allocated for CSI part 1. Similar mechanisms can be applied for other cases, e.g., when HARQ-ACK, CSI part 1 and CSI part 2 are transmitted on PUSCH without UL-SCH, or when CSI part 1 and CSI part 2 are transmitted on PUSCH without UL-SCH. 

Based on the discussion, the draft text proposal with one example is provided as follows:

=== Start of text proposal for 38.212 Subclause 6.2.7===
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if HARQ-ACK is present for transmission on the PUSCH, let [image: image13.wmf](
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if CSI is present for transmission on the PUSCH with UL-SCH, let [image: image15.wmf](

)

ë

û

m

L

m

L

Q

N

G

Q

N

G

×

×

×

×

=

2

/

)

1

(

part1

-

CSI

part1

-

CSI

, [image: image16.wmf](

)

é

ù

m

L

m

L

Q

N

G

Q

N

G

×

×

×

×

=

2

/

)

2

(

part1

-

CSI

part1

-

CSI

, [image: image17.wmf](

)

ë

û

m

L

m

L

Q

N

G

Q

N

G

×

×

×

×

=

2

/

)

1

(

part2

-

CSI

part2

-

CSI

, and [image: image18.wmf](

)

é

ù

m

L

m

L

Q

N

G

Q

N

G

×

×

×

×

=

2

/

)

2

(

part2

-

CSI

part2

-

CSI

;
-
if HARQ-ACK and CSI part 1 are present for transmission on PUSCH without UL-SCH, let [image: image19.wmf](
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=== end of text proposal for 38.212 Subclause 6.2.7===

Proposal 1
· If UCI is transmitted on PUSCH without UL-SCH, the number of modulated symbols is (roughly) equally split for some UCI type(s) onto each frequency hop, while the remaining REs in each frequency hop are allocated for the other UCI type.
3 Rate-matching for UCI on PUSCH
At the RAN1 AH 1801 meeting [2], method to calculate the amount of resources used for UCI transmission on PUSCH with UL-SCH is agreed. In Section 6.3.2.4 in 38.212 [3], calculation on the amount of resource used for each UCI type in case when HARQ-ACK, CSI part 1 and CSI part 2 are transmitted on PUSCH without UL-SCH is missing, which needs to be addressed accordingly. To calculate the amount of resources for each UCI type, various options can be considered as follows:
· Option 1: the amount of resources used for HARQ-ACK and CSI part 1 can be determined based on a reference MCS or spectrum efficiency of CSI part 2 and relative beta offset between HARQ-ACK, CSI part 1 and CSI part 2, respectively. Further, the remaining resources can be allocated for the transmission of CSI part 2. Similar to LTE, the reference payload size of CSI part 2 can be the payload size assuming rank equals 1 for all serving cells for which one or multiple aperiodic CSI report(s) are reported. 
· Option 2: the amount of resources used for HARQ-ACK can be determined based on the MCS or spectrum efficiency of CSI part 1 and relative beta offset between HARQ-ACK and CSI part 1. Further, the amount of resources used for CSI part 1 and CSI part 2 can be calculated similar to Option 1. 
· Option 3: the amount of resources used for HARQ-ACK can be determined based on the MCS or spectrum efficiency of both CSI part 1 and reference CSI part 2 and relative beta offset between HARQ-ACK and weighted average of both CSI part 1 and CSI part 2. Further, the amount of resources used for CSI part 1 and CSI part 2 can be calculated similar to Option 1.
As evident from the above options, Option 1 may provide a unified solution to determine the amount of resources for each UCI type in case when CSI part 1 and CSI part 2 with and without HARQ-ACK are transmitted on PUSCH without UL-SCH. In our view, Option 1 is slightly preferred in order to simplify the design and minimize implementation effort. 
Proposal 2
· If HARQ-ACK, CSI part 1 and 2 are transmitted on PUSCH without UL-SCH, the amount of resources used for HARQ-ACK and CSI part 1 are determined based on a reference MCS of CSI part 2 and relative beta offset between HARQ-ACK, CSI part 1 and CSI part 2, respectively. 
· The remaining resources are allocated for CSI part 2.
Based on the discussions above, the draft text proposal with one example is described as follows:

=== Start of text proposal for 38.212 Subclause 6.3.2.4 ===

…

For HARQ-ACK and CSI part 1 transmission with CSI part 2 on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK and CSI part 1, denoted as 
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and 
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, respectively, is determined as follows:
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Where
-
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 is the number of HARQ-ACK and CSI part 1 bits, respectively;
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is the number of CRC bits for the HARQ-ACK and CSI part 1 bits, respectively;
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For CSI part 2 transmission with HARQ-ACK and CSI part 1 on PUSCH without UL-SCH, the number of coded modulation symbols per layer for CSI part 2 transmission
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=== end of text proposal for 38.212 Subclause 6.3.2.4 ===

4 Unoccupied reserved REs for HARQ-ACK
As agreed in the RAN1 AH 1801 meeting [2], 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. 
According to the agreements, in case when HARQ-ACK and CSI part 1 are transmitted on PUSCH without UL-SCH, and the number of reserved HARQ-ACK REs can be greater than actually transmitted HARQ-ACK REs, e.g., in case of 0 or 1 HARQ-ACK bits, given the fact that CSI part 1 is rate-matched around the reserved HARQ-ACK REs, some of the resource within reserved HARQ-ACK REs may be unoccupied. 
Figure 2 illustrates one example of unused REs within reserved REs for HARQ-ACK. In the example, only CSI part 1 is transmitted on PUSCH and the whole reserved REs are unoccupied, which is not desirable in term of spectrum efficiency loss and UE implementation including potential power adjustment issue. 
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Figure 2. Unused REs within reserved REs for HARQ-ACK
In this regards, it is more desirable to fill up the unused REs within reserved REs for HARQ-ACK to avoid certain holes in the middle of PUSCH transmission. In particular, some portion of CSI part 1 can be repeated and mapped on the unused REs within reserved REs for HARQ-ACK. This may also help to improve the decoding performance for CSI part 1. 
Proposal 3
· Repeat certain portion of CSI part 1 and map on un-used REs within reserved REs for HARQ-ACK. 
5 A-CSI on PUSCH without UL-SCH
As specified in LTE, only QPSK is employed for A-CSI on PUSCH. In addition, an implicit rule based on the number of PRBs is defined to trigger A-CSI on PUSCH without UL-SCH. It should be noted that for NR, it was agreed that for A-CSI on PUSCH triggered by an UL grant without UL-SCH data, the modulation order for PUSCH is handled the same way as the case when PUSCH is with UL-SCH data [1]. This indicates that higher order modulation, e.g., 16QAM and 64QAM can also be applied for the transmission of A-CSI on PUSCH without UL-SCH. 
In NR, mechanisms as defined in LTE can be extended on triggering A-CSI on PUSCH without UL-SCH. More specifically, MCS index of 29, 30 and 31 can be employed to indicate that the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM and 64QAM, respectively. Further, due to the fact that transmission duration of PUSCH can be very flexible in NR, it may not be desirable to simply reuse the number of PRBs to indicate whether A-CSI is transmitted on PUSCH without UL-SCH. To address this issue, the total number of allocated REs, which includes the allocated resource in both time and frequency domain can be considered as a criterion to determine whether A-CSI is transmitted on PUSCH without UL-SCH.
Towards this end, thresholds on the total number of allocated REs may be defined in the specification. In particular, reference threshold(s) can be defined based on a reference modulation order, e.g., QPSK. In case when higher modulation orders are used for A-CSI on PUSCH without UL-SCH, the threshold(s) can be scaled appropriately based on the modulation order and reference threshold(s). 
Proposal 4
· MCS index of 29, 30 and 31 is employed to indicate that the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM and 64QAM, respectively.
· An implicit rule based on the total number of allocated REs for PUSCH transmission can be used to determine whether A-CSI is transmitted on PUSCH without UL-SCH.
6 HARQ-ACK on configured grant uplink transmission 

At the RAN1 AH 1801 meeting, it was agreed that UCI on PUSCH with configured grant is supported [2]. Note that in DCI format 0_1, UL DAI is included to indicate the number of HARQ-ACK feedback bits on PUSCH, with the main motivation of avoiding ambiguity between gNB and UE, e.g., on whether PUSCH is rate-matched with or punctured by HARQ-ACK. This mechanism, however, may not be available for configured grant uplink transmission, which may result in misalignment between gNB and UE on the number of HARQ-ACK bits. In case when HARQ-ACK feedback bits are multiplexed on PUSCH with configured grant, gNB may not be able to decode the data successfully. For URLLC application using configured grant transmission, this would result in undesirable latency.
For Type 2 configured grant uplink transmission, DCI carrying activation of UL grant free transmission may include the UL DAI, which can be used to indicate the number of HARQ-ACK feedback bits at least for initial transmission. For other transmissions, including Type 1 configured grant uplink transmission and Type 2 configured grant uplink subsequent transmission after initial transmission, certain mechanisms may need to be defined.

To ensure alignment between gNB and UE on the number of HARQ-ACK feedback bits, one straightforward approach is to always apply rate-matching for HARQ-ACK on PUSCH regardless of the number of actually transmitted HARQ-ACK bits. Further, certain reserved REs for HARQ-ACK may be defined, which can follow the design principle for less than 3 HARQ-ACK bits multiplexed on PUSCH. The size of reserved REs can be determined according to a configured HARQ-ACK payload size and configured/indicated beta offset. 
Proposal 5
· For Type 2 configured grant uplink initial transmission, the number of HARQ-ACK bits is determined by UL DAI in activation of Type 2 configured grant uplink transmission.
· For Type 1 and Type 2 (subsequent transmissions after initial transmission) configured grant transmission, PUSCH is always rate-matched around HARQ-ACK. Further, reserved REs can be defined assuming a configured HARQ-ACK payload size and beta offset.
7 Conclusions

In this contribution, we discussed some remaining aspects on UCI multiplexing on PUSCH. Further, we summarize the proposals as follows:
Proposal 1
· If UCI is transmitted on PUSCH without UL-SCH, the number of modulated symbols is (roughly) equally split for some UCI type(s) onto each frequency hop, while the remaining REs in each frequency hop are allocated for the other UCI type.
Proposal 2
· If HARQ-ACK, CSI part 1 and 2 are transmitted on PUSCH without UL-SCH, the amount of resources used for HARQ-ACK and CSI part 1 are determined based on a reference MCS of CSI part 2 and relative beta offset between HARQ-ACK, CSI part 1 and CSI part 2, respectively. 
· The remaining resources are allocated for CSI part 2.
Proposal 3
· Repeat certain portion of CSI part 1 and map on un-used REs within reserved REs for HARQ-ACK. 
Proposal 4
· MCS index of 29, 30 and 31 is employed to indicate that the modulation order for CSI on PUSCH without UL-SCH data is QPSK, 16QAM and 64QAM, respectively.
· An implicit rule based on the total number of allocated REs for PUSCH transmission can be used to determine whether A-CSI is transmitted on PUSCH without UL-SCH.

Proposal 5
· For Type 2 configured grant uplink initial transmission, the number of HARQ-ACK bits is determined by UL DAI in activation of Type 2 configured grant uplink transmission.
· For Type 1 and Type 2 (subsequent transmissions after initial transmission) configured grant transmission, PUSCH is always rate-matched around HARQ-ACK. Further, reserved REs can be defined assuming a configured HARQ-ACK payload size and beta offset.
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