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1 Introduction

This contribution considers corrections and residual aspects regarding UCI multiplexing in PUSCH, including:

a) Correction on the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2
b) Confirmation by RAN1 agreements of current text in TS 38.212 for: CSI part 2 mapping, UCI mapping for multi-layer PUSCH, reserved REs for CSI part 1 multiplexing.

c) UCI payload ranges 
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d) UCI multiplexing for multi-slot PUSCH transmission

e) Determination of modulation order in case of UCI-only PUSCH (no data)

f) Determination of number of coded modulation symbols per layer for transmission on PUSCH without UL-SCH
a. FFS from RAN1#91 is whether or not to set 
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 to the number of bits for CSI part 1 assuming rank 1 and whether or not to confirm the WA for the determination of number of coded modulation symbols
g) Determination of whether physical resource elements for UCI mapping are in PRB domain or VRB domain
2 Discussion 
Number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2
For brevity, the following consider only HARQ-ACK but the same conclusions apply for CSI part 1 and CSI part 2. 

The number of coded modulation symbols per layer for HARQ-ACK is provided below with the terms defined in [1]
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The above equation includes the sum of all code block sizes in the denominator through the term [image: image9.wmf]å
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, or equivalently the length of the data TB with TB-CRC. However, for CBG-based retransmission, only few CBs may be retransmitted and the HARQ-ACK coding rate can be larger than 1 despite the use of “beta_offset”.  
A numerical example can be as follows (several other examples can be trivially constructed – the problem may be reduced but nevertheless it generally remains) 

· Initial transmission: MCS24 (64QAM, CR 0.754), 10 PRBs, 5 symbols for data/UCI in PUSCH, 8 CBGs, 2 layers

· TBS = 65,568 (8 CBs)

· 1 CB per CBG

· Retransmission of 1 CBG: MCS22 (64QAM, CR 0.650), 10 PRBs, 5 symbols for data/UCI in PUSCH, 16 HARQ-ACKs bits multiplexed in PUSCH. 

For the initial transmission of the data TB 
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According to the beta offset, 
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 and  HARQ-ACK coding rate are as follows. It can be observed that even for dynamically indicated beta_offset values, a suitable HARQ-ACK coding rate cannot be provided. 
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	Coding rate of HARQ-ACK

	1
	1
	22.00

	2
	1
	22.00

	2.5
	1
	22.00

	3.125
	1
	22.00

	4
	1
	22.00

	5
	2
	11.00

	6.25
	2
	11.00

	8
	2
	11.00

	10
	3
	7.33

	12.625
	4
	7.33

	15.875
	4
	5.50

	20
	5
	4.40

	31
	8
	3.14

	50
	13
	2.00

	80
	20
	1.29

	126
	31
	0.85


In the above, 
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 may be understood as the 
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-th code block of the "currently transmitted PUSCH". However, for this understanding, the current text in [1] "
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 is the 
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-th code block size for UL-SCH of the PUSCH transmission" is incorrect. This is because "UL-SCH" is a transport channel, equivalent to a MAC PDU or a data TB. In this sense, the "UL-SCH of the PUSCH transmission" is same for initial transmission and retransmissions and corresponds to the whole data TB. A possible revision of the above text in [1] as "
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 is the 
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-th code block size in the transmitted PUSCH" is also problematic as “code block” is defined for a data TB and not for a PUSCH.

To address the above, instead of using [image: image23.wmf]å
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 in the denominator, using the sum of the scheduled code blocks sizes provides the intended functionality and the text in [1] can be modified as follows.
	if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the 
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-th code block, 
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 is the 
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-th code block size for UL-SCH of the PUSCH transmission.


By using the above definition for 
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, and for the previous example where a single CB is retransmitted (total size is 8199 bits), [image: image30.wmf]ACK
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 can be derived as
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According to the beta offset, [image: image33.wmf]ACK
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 and the coding rate of HARQ-ACK can be calculated as follows.
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	Coding rate of UCI

	1
	2
	11.00

	2
	4
	5.50

	2.5
	5
	4.40

	3.125
	7
	3.67

	4
	8
	3.14

	5
	10
	2.44

	6.25
	13
	2.00

	8
	16
	1.69

	10
	20
	1.29

	12.625
	25
	1.05

	15.875
	31
	0.85

	20
	39
	0.67

	31
	60
	0.44

	50
	97
	0.27

	80
	155
	0.17

	126
	244
	0.11


Proposal 1: Adopt the following text proposal for [1].
	-----------------------------------------------------------   Text Proposal Start ------------------------------------------------------
< Unchanged parts are omitted >

6.3.2.4.1.1
HARQ-ACK
…

-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the 
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 is the 
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-th code block size for UL-SCH of the PUSCH transmission.
…
6.3.2.4.1.2
CSI part 1
…

-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the 
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-th code block, 
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 is the 
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-th code block size for UL-SCH of the PUSCH transmission.
…
6.3.2.4.1.3
CSI part 2
…

-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the 
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-th code block, 
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=0; else, 
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 is the 
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-th code block size for UL-SCH of the PUSCH transmission.
…

< Unchanged parts are omitted >

-----------------------------------------------------------   Text Proposal End  ------------------------------------------------------


Confirmation with agreements for text in [1] 

Several specification aspects in [1] are not currently supported by RAN1 agreements or are based on working assumptions. 

CSI part 2 is mapped on the first available non-DMRS symbol but it is FFS whether this is after CSI part 1 is mapped (option 1) or after UL-SCH is mapped (option 2). In [1], the mapping is after CSI part 1 (option 1). Although there can be tradeoffs between the two options, they are not essential and the current text in [1] can be confirmed.
For a multi-layer PUSCH transmission, the current text in [1] maps UCI uniformly on each layer. It is also proposed to confirm the respective text in [1] with a RAN1 agreement.

For the reserved PUSCH REs corresponding to 0/1/2 HARQ-ACK bits, it is a working assumption that the locations of the reserved REs are determined following the same rule as for mapping modulated HARQ-ACK symbols to REs. It is proposed that the working assumption is confirmed. A minor correction is the following for subclause 6.3.2.4.1.2 (the corrected text exists in subclause 6.2.7).
	-----------------------------------------------------------   Text Proposal Start ------------------------------------------------------
< Unchanged parts are omitted >

6.3.2.4.1.2
CSI part 1

…

-     
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 is the number of coded modulation symbols per layer for HARQ-ACK transmitted on the PUSCH if number of HARQ-ACK information bits is more than 2, and 
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 if the number of HARQ-ACK information bits is 0, 1 or 2 bits, …

< Unchanged parts are omitted >

-----------------------------------------------------------   Text Proposal End  ------------------------------------------------------


Proposal 2: Confirm the current text in [1] for the following and include 0 for the number of HARQ-ACK bits for reserved REs in subclause 6.3.2.4.1.2:

a) mapping of CSI part 2 (CSI part 2 is mapped after CSI part 1), 
b) UCI multiplexing in a multi-layer PUSCH transmission (UCI is uniformly mapped on each layer), and
c) locations of reserved REs for 0-2 HARQ-ACK bits (same location as for modulated HARQ-ACK symbols).
UCI payload ranges for the applicability of the 3 
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 values
The different 
[image: image51.wmf]PUSCH

offset

b

 values intend to capture the different coding rates corresponding not only to the different coding schemes (repetition, Reed-Muller, polar) but also to the different UCI payloads. For polar codes with applicable range above 11 bits, most coding gain variations with increased payload occur from 12 to about 50 bits and are in the order of 3 dB (coding gains saturate and are limited to about 1 dB for payloads above 50 bits) [5]. For Reed-Muller codes with applicable range between 3 and 11 bits, the coding gains are in the order of 2 dB and increase approximately linearly with the payload. 

Additionally, to better capture the range of ~6 dB in coding gains, the following are considered 

a) Repetition coding does not offer any coding gains

b) Reed Muller codes and polar codes have similar performance at 11 bits

c) Smaller HARQ-ACK payloads (in the range of a few tens of bits) are expected to be more likely and need to have better granularity as the coding gains are also steeper.  

Then, the first 
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 can correspond to payloads of up to 6 bits, the second 
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 can correspond to payloads from 7 to 20 bits, and the third 
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 can correspond to payloads above 20 bits. 

Proposal 3: The first, second, and third 
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 values correspond to payloads of up to 6 bits, from 7 to 20 bits, and above 20 bits. 

UCI multiplexing for multi-slot PUSCH transmission
UCI multiplexing in a PUSCH is implicitly assuming that the PUSCH transmission is within one slot. There is no RAN1 agreement for UCI multiplexing in a multi-slot PUSCH and clarifications are needed to statements in [1], such as the following in subclause 6.2.7, to avoid “the scheduled PUSCH” being interpreted as the one for multi-slot transmission and 
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 being the total number of PUSCH symbols beyond one slot.   

	“Denote 
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 as the OFDM symbol index of the scheduled PUSCH, starting from 0 to 
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 is the total number of OFDM symbols of the PUSCH, including all OFDM symbols used for DMRS.”


For a multi-slot PUSCH transmission, HARQ-ACK/CSI should be multiplexed in PUSCH only within one slot and different UE/gNB transmitter/receiver functionalities should be avoided in case of multi-slot PUSCH transmissions. Consequently, all formulas in [1] should be interpreted relative to PUSCH transmission within one slot (as determined by the HARQ-ACK/CSI transmission timing). Multi-slot UCI transmission on PUCCH is considered in [2] and in such case the PUCCH transmission can be prioritized at least in case of HARQ-ACK. 
Proposal 4: UCI is multiplexed only within a single slot, determined by the UCI transmission timing, in case of a multi-slot PUSCH transmission.

Modulation order for UCI-only PUSCH 

It is 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 when PUSCH is with UL-SCH data”. 
Therefore, the A-CSI modulation scheme is indicated by the DCI format scheduling the PUSCH transmission in the same way as when PUSCH is with UL-SCH data. Essentially, there is no reason for different treatment of A-CSI only PUSCH scheduling than of A-CSI and data scheduling or of data PUSCH scheduling. The simplest way is for a DCI format 0_1 to indicate that a PUSCH transmission does not contain UL-SCH through a corresponding 1-bit field. The TBS for A-CSI can then also be directly determined and can be considered for determining the number of coded modulation symbols as is subsequently discussed. The additional 1 bit in DCI format 0_1 does not have any material impact in terms of BLER or, typically, in terms of potential padding for matching the size of DCI format 0_1 with the size of DCI format 1_1.     
Proposal 5: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit. The modulation scheme for UCI in a UCI-only PUSCH transmission is determined as for data in a PUSCH transmission with UL-SCH.
Determination of UCI coded modulation symbols in case of PUSCH without UL-SCH
This issue indirectly relates to the indication of the A-CSI modulation order in a PUSCH without UL-SCH. Assuming that the A-CSI MCS is indicated by DCI format 0_1, through a ‘UL-SCH indicator’ field, a UE can determine the A-CSI TBS to obtain the number of HARQ-ACK coded modulation symbols (as for a PUSCH transmission with UL-SCH). Compared to using 
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 corresponding to CSI part 1 with rank 1 that is only around 10 bits, using the indicated A-CSI TBS avoids over-dimensioning, potentially by more than an order of magnitude, the number of HARQ-ACK coded modulation symbols. It also avoids introducing an approximate reference A-CSI payload (A-CSI payload for determining the number of HARQ-ACK coded modulation symbols needs to be known to gNB and cannot be the one for CSI part 2).
However, a simpler and more functional alternative is to treat the PUSCH without UL-SCH as a PUCCH and apply the same HARQ-ACK and CSI multiplexing based on the configured maximum code rate. This alternative is preferable for its simplicity and proper and consistent functionality. Although not necessary, joint coding for HARQ-ACK and CSI part 1 can be considered to avoid any additional specifications relative to PUCCH format 3 or 4. In this manner, UCI multiplexing on PUSCH without UL-SCH and on PUCCH can have same specifications and same Tx/Rx structures since there is no fundamental difference. 
Proposal 6: UCI resources on a PUSCH without UL-SCH are determined according to one of the following
a) Determine 
[image: image61.wmf]CSI
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 from the A-CSI TBS indicated by DCI format 0_1.
b) Use the same approach as for HARQ-ACK and CSI multiplexing in PUCCH.

Determination of whether physical resource elements for UCI mapping are in PRB domain or VRB domain
This issue was discussed in RAN1 NR AH1801 without conclusion. When physical REs for UCI mapping are in the PRB domain instead of the VRB domain, the UCI mapping can provide UCI REs that are equally distributed in the frequency domain. However, this complicates the UCI mapping procedure because data is mapped in the VRB domain while UCI is mapped after VRB-to-PRB interleaving. This also requires changing the UCI mapping procedure described in [1]. Considering the impact on UE/gNB implementation and the required specification changes at this stage, it is preferred that UCI mapping is in the VRB domain as captured in [1]. 

Proposal 7: UCI is mapped in the VRB domain as in [1]. 
3 Conclusions

This contribution considered aspects for UCI multiplexing in an UL data channel and proposes the following. 
Proposal 1: Adopt the following for the code blocks used in the determination of coded modulated UCI symbols
-     if the DCI format scheduling the PUSCH transmission includes a CBGI field indicating that the UE shall not transmit the 
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-th code block, 
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 is the 
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-th code block size for UL-SCH of the PUSCH transmission.
Proposal 2: Confirm the current text in [1] for the following and include 0 for the number of HARQ-ACK bits for reserved REs in subclause 6.3.2.4.1.2:

a) mapping of CSI part 2 (CSI part 2 is mapped after CSI part 1), 
b) UCI multiplexing in a multi-layer PUSCH transmission (UCI is uniformly mapped on each layer), and
c) locations of reserved REs for 0-2 HARQ-ACK bits (same location as for modulated HARQ-ACK symbols).
Proposal 3: The first, second, and third 
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 values correspond to payloads of up to 6 bits, from 7 to 20 bits, and above 20 bits. 

Proposal 4: UCI is multiplexed only within a single slot, determined by the UCI transmission timing, in case of a multi-slot PUSCH transmission.

Proposal 5: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit. The modulation scheme for UCI in a UCI-only PUSCH transmission is determined as for data in a PUSCH transmission with UL-SCH.
Proposal 6: UCI resources on a PUSCH without UL-SCH are determined according to one of the following
a) Determine 
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 from the A-CSI TBS indicated by DCI format 0_1.
b) Use the same approach as for HARQ-ACK and CSI multiplexing in PUCCH.
Proposal 7: UCI is mapped in the VRB domain as in [1]. 
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