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Discussion
1. Introduction
For Rel-17 enhanced IIoT and URLLC WI, it was endorsed in RAN#94 [1]:
“RAN1 is tasked to complete the remaining normative work for Rel-17 Enhanced IIoT & URLLC by Q1 of 2022.”
In addition, regarding the intra-UE multiplexing and prioritization of traffic with different priority objective, RAN#94 also endorsed:
"RAN to guide RAN1 to focus on the discussions on Capabilility#1 only in Q1 2022 for Rel-17 intra-UE multiplexing framework."
In the last RAN1 #107bis-e meeting, there was a good discussion on remaining open issues for Rel-17 intra-UE multiplexing and prioritization with much agreements achieved as in [2].
In this contribution, we focus on the LP HARQ-ACK size ambiguity issue due to DCI mis-detection and provide our views.
2. Discussion
For the scenario where a PUCCH carrying HP HARQ-ACK overlaps with another PUCCH carrying LP HARQ-ACK and the total payload size is 2 bits, the mapping order of the two bits has not been determined. It is straightforward the order of the multiplexed two bits could be [HP HARQ-ACK bit, LP HARQ-ACK bit].
Proposal 1: For the scenario where a PUCCH carrying HP HARQ-ACK overlaps with another PUCCH carrying LP HARQ-ACK and the total payload size is 2 bits, the order of the multiplexed two bits could be [HP HARQ-ACK bit, LP HARQ-ACK bit].
For multiplexing LP HARQ-ACK with HP HARQ-ACK or HP PUSCH, to deal with the problem of ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection, the following proposal was discussed in the last RAN1 #107bis-e meeting [3]:
	For the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection, a new T-DAI field can be RRC configured:

· For multiplexing HP HARQ-ACK and Type-2/Type-1 LP HARQ-ACK codebook,

· A T-DAI field in a DL DCI format associated with HP HARQ-ACK to indicate the T-DAI of LP HARQ-ACK.

· At most 2 bits are added to the DL DCI format associated with HP HARQ-ACK for the T-DAI of LP HARQ-ACK, compared to Rel-16.

· For multiplexing a LP Type-2/Type-1 HARQ-ACK codebook in a HP PUSCH,

· A T-DAI field in a UL DCI format scheduling the HP PUSCH to indicate the T-DAI of LP HARQ-ACK.

· At most 2 bits are added to the UL DCI format scheduling the HP PUSCH for the T-DAI of LP HARQ-ACK, compared to Rel-16.

· Note: If the new T-DAI field is not RRC configured, the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection is handled by gNB implementation.
· FFS whether/how to multiplex LP HARQ-ACK sub-codebook for CBG-based PDSCH on HP PUCCH or HP PUSCH with single new T-DAI field.


However, no consensus was reached about the proposal. The main concern from some companies is the permanent overhead for the additional T-DAI field in HP DCI, as well as LP DCI for size alignment. Since the ambiguity on LP HARQ-ACK type-1 codebook existence or LP HARQ-ACK type-2 codebook size due to DCI mis-detection can be handled by gNB implementation, the additional DCI overhead is not worthwhile.

Our concern about the gNB implementation way is the DTX to ACK error for total 2 LP and HP HARQ-ACK bits number case when LP DCI missing happens, which is discussed below for PUCCH format 0 and 1 respectively.
· Total LP HARQ-ACK and HP HARQ-ACK bit number is 2, and are multiplexed on PUCCH format 0

When 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK are to be multiplexed in PF0, gNB detection uses CS 0, 3, 6, 9 which are interpreted as (HP HARQ-ACK, LP HARQ-ACK) = (NACK, NACK), (NACK, ACK), (ACK, ACK), (ACK, NACK), respectively. If the LP DCI is missed by the UE, the UE transmission of 1 bit HP HARQ-ACK uses CS0 for HP HARQ-ACK = NACK or CS6 for HP HARQ-ACK = ACK. As the reliability of HP transmission is high, most of the case the UE transmits with CS6 for HP HARQ-ACK=ACK. But the gNB detects CS6 as (HP HARQ-ACK, LP HARQ-ACK)=(ACK, ACK). Thus DTX-to-ACK error occurs for LP HARQ-ACK and the missed LP PDSCH will not be retransmitted, which is even worse than in Rel-16 as in Rel-16 without UCI multiplexing the missed LP PDSCH can be retransmitted.
The issue can be solved without additional DCI overhead. Changing the HARQ-ACK bits to CS mapping for UCI multiplexing on HP PUCCH resource can solve the problem. Based on Rel-15 CS values for 2bits HARQ-ACK, CS=0, 3, 6, 9 could be mapped to (HP HARQ-ACK, LP HARQ-ACK)=(NACK, NACK), (NACK, ACK), (ACK, NACK), (ACK,ACK), so that the not transmitted LP HARQ-ACK would be regarded as NACK by gNB.
· Total LP HARQ-ACK and HP HARQ-ACK bit number is 2, and are multiplexed on PUCCH format 1
When 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK are to be multiplexed in PF1, gNB detection interprets the QPSK modulated symbols to HARQ-ACK bits according to the left of the below Figure 1. If the LP DCI is missed by the UE, the UE transmission of 1 bit HP HARQ-ACK uses BPSK modulation according to the right of the below Figure 1. Most of the case the HP HARQ-ACK is ACK, the BPSK modulated symbol is 
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. However, the gNB will interpret the symbol as (HP HARQ-ACK, LP HARQ-ACK)=(ACK, ACK). DTX-to-ACK error occurs for LP HARQ-ACK similar as the case on PUCCH format 0 and the missed LP PDSCH will not be retransmitted.
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Figure 1 DTX-to-ACK error occurs when LP DCI is missing using Rel-15 bit to modulated symbol mapping

The way to solve the problem without additional DCI overhead is adjusting the bits to modulated symbol mapping for UCI multiplexing on HP PUCCH resource. (HP HARQ-ACK, LP HARQ-ACK)=(NACK, NACK), (ACK, NACK) can be QPSK modulated to the same symbols as the 1 bit HP HARQ-ACK only BPSK modulated symbols. Thus the not transmitted LP HARQ-ACK would be detected as NACK by gNB. An example is shown in Figure 2.
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Figure 2 Bits to modulated symbol mapping for HP+LP 2bit UCI transmission with PUCCH format 1 to avoid the LP DCI missing problem
Observation 1: Ambiguity on LP HARQ-ACK existence due to DCI missing when the total LP HARQ-ACK and HP HARQ-ACK bit number is 2 would cause DTX-to-ACK error for LP HARQ-ACK and LP PDSCH missing, which case is even not enhancement comparing Rel-16 LP HARQ-ACK dropping. Additional overhead in HP DCI is not the mandatory way to solve this problem.
The consequence of LP DCI missing for the total 2 LP and HP HARQ-ACK bits number case is unlike the larger than 2 total bits case, as it would not cause DTX-to-ACK error for the latter case. gNB blind detecting also does not work for the total 2 bits case. Companies may think gNB could use reliable LP DCI, the probability of LP DCI missing is low. But when it happens, almost all of the time the HP HARQ feedback is ACK, LP HARQ feedback would be regarded as ACK. This is even worse than Rel-16 as PDSCH can not be retransmitted. 

The solution is simply adjusting the HP and LP HARQ-ACK bits to the CS or modulated symbol mapping to avoid the DTX to ACK error. With this approach, gNB may not always increase the reliability of last DCI associated with LP HARQ-ACK for every PUCCH format.
Proposal 2: For the problem of ambiguity on LP HARQ-ACK existence,

· for 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK multiplexed in PF0, CS=0, 3, 6, 9 is mapped to (HP HARQ-ACK, LP HARQ-ACK)=(NACK, NACK), (NACK, ACK), (ACK, NACK), (ACK,ACK);

· for 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK multiplexed in PF1, (HP HARQ-ACK, LP HARQ-ACK) is QPSK modulated using 
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3. Conclusion
In this contribution, we have following observation and proposals on intra-UE multiplexing:
Observation 1: Ambiguity on LP HARQ-ACK existence due to DCI missing when the total LP HARQ-ACK and HP HARQ-ACK bit number is 2 would cause DTX-to-ACK error for LP HARQ-ACK and LP PDSCH missing, which case is even not enhancement comparing Rel-16 LP HARQ-ACK dropping. Additional overhead in HP DCI is not the mandatory way to solve this problem.
Proposal 1: For the scenario where a PUCCH carrying HP HARQ-ACK overlaps with another PUCCH carrying LP HARQ-ACK and the total payload size is 2 bits, the order of the multiplexed two bits could be [HP HARQ-ACK bit, LP HARQ-ACK bit].
Proposal 2: For the problem of ambiguity on LP HARQ-ACK existence,

· for 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK multiplexed in PF0, CS=0, 3, 6, 9 is mapped to (HP HARQ-ACK, LP HARQ-ACK)=(NACK, NACK), (NACK, ACK), (ACK, NACK), (ACK,ACK);

· for 1-bit LP HARQ-ACK and 1-bit HP HARQ-ACK multiplexed in PF1, (HP HARQ-ACK, LP HARQ-ACK) is QPSK modulated using 
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