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1 Introduction

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

a) Indication of modulation and coding scheme (MCS) for a PUSCH transmission without UL-SCH
b) 
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 values for UCI-only PUSCH
c) CSI part 2 omitting rule

d) Miscellaneous aspects
2 Discussion 
Determination of modulation order and number of coded modulation symbols for UCI-only PUSCH 
The following have been agreed:
	Agreement (RAN1#91):

· The modulation order of UCI follows the modulation order of UL-SCH.

Note: modulation order for HARQ-ACK follow the agreement in channel coding session, if any.
· For aperiodic 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
Agreement (RAN1#92):

For UCI-only multiplexed on PUSCH without UL-SCH

· Modulation order and code rate are signalled in DCI.

· Resource determination following the same principle as UCI multiplexing on PUSCH with UL-SCH.  

· FFS: A-CSI only without UL-SCH on PUSCH is triggered explicitly based on adding one bit in DCI or triggered implicitly based on a special combination of certain existing fields in DCI.

· FFS: how modulation and code rate are signalled.
Agreement (RAN1#92bis):

For HARQ-ACK, CSI part 1, and CSI part 2 (if exists) transmission on PUSCH without UL-SCH, the number of coded modulation symbols per layer for HARQ-ACK, CSI part 1, and CSI part 2 (exists), are determined as follows:
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· SE is the spectrum efficiency which is code rate * modulation order

· FFS: UE is not expected to transmit A-CSI on PUSCH without UL-SCH, if the actual coding rate for CSI-part 1 is smaller than T_m for a modulation order m. 

· When A-CSI is dropped, HARQ-ACK if exists is transmitted on PUCCH resource.

· FFS the value of T_m for each modulation order m


The outstanding issue for UCI-only multiplexing in a PUSCH is how to indicate the MCS, 
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, for a UE to determine the modulation scheme and the coding rate. The agreement from RAN1#91 that “For aperiodic 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” implies that the UL grant indicates the 
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 for the aperiodic CSI. 

Two basic approaches were considered over the last few meetings. An explicit approach where the UL grant includes a 1-bit flag to indicate whether or not the PUSCH includes an UL-SCH or an implicit approach, in various flavors, relying on specific combinations of values for a number of fields. The explicit approach is preferred because:
a) The cost for the 1 additional bit for typical DCI payloads (including CRC) is negligible (e.g. around 0.07 dB for DCI payload of 60 bits by applying an approximation of 10log10(61/60)) and becomes practically immaterial considering that an UL DCI format size is typically expected to be smaller than a corresponding DL DCI format size.
b) Implicit approaches rely on toggling the NDI bit in an UL DCI format triggering UCI-only PUSCH for a UE relative to a value of the NDI bit in a last UL DCI format transmitted to the UE. This has the well known error case when the UE fails to detect the last UL DCI format. An assumption that the gNB can accurately perform PUSCH DTX detection is generally incorrect. Base stations do not rely on PUSCH DTX detection because it can be inaccurate (this would also introduce a miss probability for an actually transmitted PUSCH). Instead, when actual PUSCH is not received, the base station receives noise/interference and relies on HARQ retransmissions to correctly detect a data TB. It has also been incorrectly suggested that since an eNB can do DTX detection for LTE PUCCH format 1a/1b, a gNB can also do so for a PUSCH. This fails to realize that PUCCH format 1a/1b has 6 full-density DMRS (or an equivalent of 14 DMRS if the eNB does a hypothesis testing for the HARQ-ACK bit), and not 1 DMRS as it is expected to be typical for PUSCH in NR (and with smaller frequency density than in LTE). Basically, PUSCH DTX detection in NR is similar to SR detection in LTE with the SINR being worse by at least ~11.5 dB.   
c) Implicit approaches tie the use of certain values for fields serving different functionalities to the indication of a UCI-only PUSCH. Such designs, using a field introduced for one purpose to serve for another purpose, have been universally avoided in NR where each functionality is uniquely served by a corresponding DCI field.

d) An explicit approach offers simpler specification and gNB/UE implementation. 
Proposal 1: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit to indicate whether or not UL-SCH exists in a corresponding PUSCH. 


[image: image7.wmf]PUSCH

offset

b

 values for UCI-only PUSCH 

Based on the MCS indication, 
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, by a corresponding UL DCI format, a UE computes 
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. This is equivalent to the UE computing a reference UCI payload 
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. Then, for example for HARQ-ACK (similar for CSI part 1 and CSI part 2),
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Therefore, same 
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 values apply for determining a number of coded modulation symbols for each UCI type in a PUSCH regardless of whether or not UL-SCH exists in the PUSCH (i.e. 
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 for HARQ-ACK, 
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 for CSI part 2 regardless of whether or not UL-SCH exists in the PUSCH). 
Proposal 2: For each UCI type, same determination of a corresponding 
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 value applies regardless of whether or not UL-SCH is multiplexed in a corresponding PUSCH.

CSI part 2 omitting rule in the PUSCH 

The following was agreed in RAN1#92:
	Agreement (RAN1#92):

· When CSI part 2 piggybacked on PUSCH without UL-SCH, lower priority information bits are omitted until CSI Part 2 UCI code rate is below 
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· FFS: (CSI-1 is based on code rate calculated at UE or signalled by gNB in DCI. 
· Note: if C_T is larger than 1, UE consider it is an error case.


In [1], the following is currently stated for the 
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 is based on the code rate calculated at UE or signaled in DCI]”. Based on the previous discussion, 
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 is the same as the code rate R indicated by 
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Proposal 3: For omission of lower priority information bits for CSI part 2, 
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 is the indicated code rate. 

UCI multiplexing in case of frequency hopping is not configured 

From the email reflector discussion [92-NR-03] after RAN1#92, if HARQ-ACK and CSI are multiplexed on a PUSCH without UL-SCH and frequency hopping is enabled, it was agreed to split HARQ-ACK and CSI (part 1 and, if any, part 2) encoded bits between the two PUSCH hops. Therefore, when a UL-SCH is not scheduled for a PUSCH, all resources for PUSCH can be allocated to multiplex UCIs such as HARQ-ACK/CSI part1/CSI part2. A same principle can also apply for a PUSCH without UL-SCH if frequency hopping is not enabled and the following TP is proposed for this case.
	6.2.7
Data and control multiplexing

…..
If frequency hopping is not 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;

-
denote 
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 as the OFDM symbol index of the first OFDM symbol that does not carry DMRS;

-
if HARQ-ACK is present for transmission on the PUSCH, let 
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-
if CSI is present for transmission on the PUSCH with UL-SCH, let 
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-     if only HARQ-ACK and CSI part 1 are present for transmission on the PUSCH without UL-SCH, let

    - 
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;

-   if HARQ-ACK, CSI part 1 and CSI part 2 are present for transmission on the PUSCH without UL-SCH, let

   - 
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 if the number of HARQ-ACK information bits is no more than 2, and 
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 otherwise

-
let 
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Proposal 4: Adopt the proposed TP for HARQ-ACK and CSI multiplexing on a PUSCH without UL-SCH when frequency hopping is not enabled.

Miscellaneous
UCI payload ranges for the applicability of the 3 
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The different 
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 values intend to capture the different coding rates corresponding to different coding schemes (repetition, Reed-Muller, polar) and 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 2 and 11 bits, the coding gains are in the order of 2 dB and increase approximately linearly with the payload. Therefore, there is a ~6 dB range in coding gains and the following can be additionally considered in capturing them through the use of different 
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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 5: 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-layer PUSCH transmission
UCI multiplexing for multi-layer PUSCH transmission is captured in [3] but there is no corresponding RAN1 agreement. It is proposed to confirm the description in [3] that UCI is multiplexing is repeated on each layer. 
Proposal 6: Confirm the UCI multiplexing for multi-layer PUSCH transmission as described in [3]. 
3 Conclusions

This contribution considered remaining aspects for UCI multiplexing in a PUSCH and proposes the following. 
Proposal 1: DCI format 0_1 includes an ‘UL-SCH indicator’ field of 1 bit to indicate whether or not UL-SCH exists in a corresponding PUSCH. 

Proposal 2: For each UCI type, same determination of a corresponding 
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 value applies regardless of whether or not UL-SCH is multiplexed in a corresponding PUSCH.

Proposal 3: For omission of lower priority information bits for CSI part 2, 
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 is the indicated code rate. 

Proposal 4: Adopt the proposed TP for HARQ-ACK and CSI multiplexing on a PUSCH without UL-SCH when frequency hopping is not enabled.

Proposal 5: 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 6: Confirm the UCI multiplexing for multi-layer PUSCH transmission as described in [3]. 
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