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1 Introduction
In RAN1#91, most of the design of UCI on PUSCH is completed. However, there are still few remaining issues to be resolved/clarified.

· Whether UCI can be mapped on DMRS-OFDM symbol or not

· UCI mapping in frequency domain
· Reservation of HARQ-ACK resource in case of puncturing

· Whether HARQ-ACK resource can wrap around to the first OFDM symbol or not

· UCI partition in case of frequency hopping
This contribution clarifies/discusses these aspects.

2 Whether UCI mapped on DMRS-OFDM symbol or not
To simplify the UCI allocation rule/mechanism, it is preferred UCI not mapped on DMRS symbol to unify the rule between different UL waveform (DFT-S-OFDM vs CP-OFDM). In addition, the previous agreements/conclusions also provide the same message, as listed in the below, where the key part is highlight in yellow. 
Agreements: (@RAN1#90)
· For frequency first mapping, UCI resource mapping principles (e.g., around RS) are common for PUSCH with DFT-s-OFDM waveform and CP-OFDM waveform
Conclusion: (@RAN1#90bis)
· Discuss further offline to support a single or two mapping mechanisms when ACK is piggybacked on PUSCH, including the possibility of configurability of two mechanisms are supported

· E.g., map ACK to REs across as many symbols (excluding DMRS symbol) as possible, map ACK to localized REs in time-domain around DMRS, frequency-first-time-second vs. time-first-frequency-second, impact of PUSCH hopping (if any), etc.

Conclusion: (@RAN1#90bis)
· Discuss further offline to support a single or two mapping mechanisms when CSI is piggybacked on PUSCH, including the possibility of configurability of two mechanisms are supported

· E.g., map CSI to REs across as many symbols (excluding DMRS symbol) as possible, map CSI to localized REs in time-domain around DMRS, frequency-first-time-second vs. time-first-frequency-second, impact of PUSCH hopping (if any), etc.
Agreements: (@RAN1#91)
· 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.

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

Figure 1 shows the example of UCI on PUSCH. To unify the mapping rule of UCI, UCI is not mapped on OFDM symbols, which include DMRS. The rule is applicable to cases with/without UL-SCH. Therefore, it is proposed that :
Proposal #1: Regarding to UCI on PUSCH, UCI is not mapped on OFDM symbols, which include DMRS.
Please refer to Section 9.1 for text proposal we provide to reflect such modification, where the revision happens in Section 6.2.7 and Section 6.3.2.4.1.1 of 38.212.
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Figure 1. Example of UCI on PUSCH
3 UCI mapping in frequency domain
Regarding to UCI mapping in frequency domain, it was agreed as working assumption that
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) 

The working assumption was made rather than agreement is because there is different view on the “d” in case number available REs > the number of unmapped modulated symbols for that UCI. Two mechanisms are listed as Alt1 (working assumption) and Alt2, where the examples are also shown in Figure 2.
· Alt1(working assumption) : d = floor( M / N )

· M = number of available REs; N = the number of unmapped modulated UCI symbols; d = RE distance for UCI mapping

· Alt2 : position_n = floor( M / N * (n+1) ) - 1, where n = 0,…N-1

· position_n : RE index among available REs for n-th UCI symbol to map

To benefit from potential additional frequency diversity, Alt2 is much more complicated in calculating the RE distance between adjacent mapped UCI symbols. However, from our simulation check, the BLER benefit is quite limited. Therefore, it is proposed to confirm the working assumption. 
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Figure 2. Two alternatives for UCI mapping in frequency domain
Proposal #2: To confirm the 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:

o
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.

o
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) 
4 Reservation of HARQ-ACK resource in case of puncturing
It was agreed in RAN1#91 that in case of HARQ-ACK puncturing, HARQ-ACK REs are reserved to prevent puncturing CSI part 1.
Agreements: (@RAN1#91)
· Detail UCI mapping rule on PUSCH is as follows:

· Map HARQ-ACK to REs around DMRS symbol(s)

· If PUSCH punctured by HARQ-ACK,

· Map CSI part 1 starting after certain amount of reserved HARQ-ACK REs. 

· FFS reserved HARQ-ACK REs 

· PUSCH can be mapped to reserved REs
How to reserve HARQ-ACK resource in this case is still a remaining issue to address. Three alternatives are discussed in this contribution.
· Alt1 : Reservation of HARQ-ACK resource is based on UE’s understanding of HARQ-ACK bits

· Alt2 : One whole OFDM symbol is reserved in such case

· Alt3 : UE always reserves HARQ-ACK resource based on 2 bits HARQ-ACK bits

Alt1 is not preferred since there is potential mis-understanding between gNB and UE. If that happens, CSI part 1 is almost not decodable, in additionally resulting in failure decoding of CSI part 2 and UL-SCH. As shown in Figure 3, misunderstanding between gNB and UE happens if UE misses DL assignment @ slot #(n-5) and UL grant @ slot #(n-4) uses DCI_format_0_0, which does not include DAI. UE thinks there is only one PDSCH reception @ slot #(n-4), but gNB in fact schedules two PDSCH transmission. Figure 4 shows an example of how UCI mapped on PUSCH by assuming one-bit or two-bit HARQ-ACK. If UE generates PUSCH according to one-bit HARQ-ACK (for one PDSCH reception), as shown in the upper part in Figure 4, gNB can not decode CSI part 1 successfully according to two-bit HARQ-ACK assumption. Therefore, Alt1 shall not be considered.
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Figure 3. Example of mis-understanding on HARQ-ACK bit number between gNB and UE
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Figure 4. Reservation of HARQ-ACK resource by Alt1
The issue resulting from misunderstanding between gNB and UE can be handled by either Alt2 or Alt3. As shown in Figure 5, it is noted that even if there is misunderstanding between gNB and UE, the mapping of CSI part 1 is always the same, and therefore CSI part 1 is still decodable. Both Alt2 and Alt3 seem good solutions to deal with the issue. However, Alt3 is slightly preferred compared to Alt2 since additional exception rule has to be specified for Alt2 in case that the required resources for HARQ-ACK are more than one OFDM symbol. Either required resources for HARQ-ACK are limited by one OFDM symbol or CSI part 1 is allowed to be punctured in that case needs to be specified for completion. To sum up, Alt3 is preferred.

Proposal #3: In case of HARQ-ACK puncturing PUSCH for UCI on PUSCH, HARQ-ACK resources are reserved based on 2-bit HARQ-ACK.
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Figure 5. Reservation of HARQ-ACK resource by Alt2 and Alt3
5 Whether HARQ-ACK resource can wrap around to the first OFDM symbol or not
From the below agreements
Agreements: (@RAN1#91)
· 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.

Per our understanding, HARQ-ACK symbols are always mapped to symbols after the first DMRS symbol. This is no strong motivation to allow HARQ-ACK mapped to OFDM symbols before the first DMRS symbol if resource after the first DMRS symbol is not enough for HARQ-ACK. The case only happens if 

1. number of HARQ-ACK bits is quite large

2. beta of HARQ-ACK is quite large

3. number of other information bits (including CSI and UL-SCH) is small

the above three conditions hold. If allowing the behaviour of HARQ-ACK wrapping around to the first OFDM symbol to address such rare scenario, it would seriously increase implementation complexity. Therefore, when calculating the available resource for HARQ-ACK in Section 6.3.2.4.1.1 of 38.212, we shall stick on “HARQ-ACK symbols are always mapped to symbols after the first DMRS symbol”. Please refer to Section 9.4 for text proposal we provide to reflect such restriction.
6 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 6, 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 6. One example of UCI on PUSCH (UCI only with different number of OFDM symbol per hop)

One simple rule to handle such scenario is : 

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.
2. assuming R1 and R2 are available number of modulated symbols of concerned UCI in the first and the second hop respectively. If M1 > R1, let M1 = R1 and M2 = m - R1. Elseif M2 > R2, let M2 = R2 and M1 = m – R2.

Please refer to Section 9.5 for text proposal we provide to reflect such modification.
7 Conclusion

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

Proposal #1: Regarding to UCI on PUSCH, UCI is not mapped on OFDM symbols, which include DMRS.

Proposal #2: To confirm the 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:

o
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.

o
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) 
Proposal #3: In case of HARQ-ACK puncturing PUSCH for UCI on PUSCH, HARQ-ACK resources are reserved based on 2-bit HARQ-ACK.
In addition, some related text proposals are provided in Section 9 as reference.
8 Reference

9 Text proposal

9.1 UCI not mapped on DMRS-OFDM symbol 

The below provides the text proposal to reflect that “UCI not mapped on DMRS OFDM symbol”
****************************************** TEXT START *****************************************
6.2.7
Data and control multiplexing

Denote the coded bits for UL-SCH as 
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Denote the coded bits for HARQ-ACK, if any, as 
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Denote the coded bits for CSI part 1, if any, as 
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Denote the coded bits for CSI part 2, if any, as 
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Denote the multiplexed data and control coded bit sequence as 
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Denote 
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 as the OFDM symbol index of the scheduled PUSCH, starting from 0 to 
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Denote 
[image: image17.wmf]k

 as the subcarrier index of the scheduled PUSCH, starting from 0 to 
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Denote 
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 as the set of resource elements, in ascending order of indices 
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Denote 
[image: image29.wmf]dmrs
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 as the set of OFDM symbol(s) carrying DMRS.
If frequency hopping is configured for the PUSCH, 

· denote 
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the first hop;

· denote 
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 as the OFDM symbol index of the first OFDM symbol after the first set of consecutive OFDM symbol(s) carrying DMRS in the second hop. 

· denote 
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the first hop;
· denote 
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS in the second hop;

· if HARQ-ACK is present for transmission on the PUSCH, let 
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· if CSI is present for transmission on the PUSCH, let 
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· let 
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· 
[image: image43.wmf]L

N

 is the number of transmission layers of the PUSCH;

· 
[image: image44.wmf]m

Q

 is the modulation order of the PUSCH.

If frequency hopping is not configured for the PUSCH, 

· denote 
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· if HARQ-ACK is present for transmission on the PUSCH, let 
[image: image47.wmf]ACK

ACK

)

1

(

G

G

=

;

· if CSI is present for transmission on the PUSCH, let 
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The multiplexed data and control coded bit sequence 
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 is obtained according to the following:

Step 1:
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if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more than 2

denote 
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end if

Step 2:

if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is more than 2, 
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Step 5:

if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more than 2, 
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****************************************** TEXT START *****************************************
6.3.2.4.1.1
HARQ-ACK

For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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, is determined as follows:


[image: image208.wmf](

)

(

)

ï

ï

þ

ï

ï

ý

ü

ï

ï

î

ï

ï

í

ì

ú

ú

ú

ú

ú

ù

ê

ê

ê

ê

ê

é

×

×

×

+

=

¢

å

å

-

=

F

-

=

-

1

0

sc

1

0

PUSCH

offset

PUSCH

symb

PUSCH

sc

ACK

ACK

PUSCH

all

symb,

UCI

SCH

UL

,

min

N

l

C

r

r

l

M

K

N

M

L

O

Q

b


where

-

[image: image209.wmf]ACK

O

 is the number of HARQ-ACK bits;
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For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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 is the number of HARQ-ACK bits;
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******************************************* TEXT END ******************************************
9.2 UCI mapping in frequency domain 

It is proposed to confirm working assumption. Text proposal is not necessary.
9.3 Reservation of HARQ-ACK resource in case of puncturing 
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if HARQ-ACK is present for transmission on the PUSCH and the number of HARQ-ACK information bits is no more than 2
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9.4 HARQ-ACK resource not wrapping around to the first OFDM symbol 

****************************************** TEXT START *****************************************
6.3.2.4.1.1
HARQ-ACK

For HARQ-ACK transmission on PUSCH with UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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 or if OFDM symbol l is before the first set of consecutive OFDM symbol(s) carrying DMRS in each hop.
For HARQ-ACK transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK transmission, denoted as 
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 is the number of HARQ-ACK bits;
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******************************************* TEXT END ******************************************
9.5 UCI partition in case of frequency hopping 

****************************************** TEXT START *****************************************
6.2.7
Data and control multiplexing

Denote the coded bits for UL-SCH as 
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Denote the coded bits for HARQ-ACK, if any, as 
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Denote the coded bits for CSI part 1, if any, as 
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Denote the coded bits for CSI part 2, if any, as 
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Denote the multiplexed data and control coded bit sequence as 
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Denote 
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 as the OFDM symbol index of the scheduled PUSCH, starting from 0 to 
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If frequency hopping is configured for the PUSCH, 
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· if HARQ-ACK is present for transmission on the PUSCH, let 
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· if CSI is present for transmission on the PUSCH, let 
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