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1 Introduction
In [100b-e-NR-L1enh_URLLC-UCI_Enh-02][1], RAN1 discussed PUCCH configuration related to DCI format/bitfield. In this contribution, we discuss HARQ-ACK codebook construction with different DAI bit-width. 

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Different DAI bit-width for Type-2 HARQ-ACK Codebook
[bookmark: OLE_LINK69]In Rel-16, URLLC supports more than one HARQ-ACK codebooks for different service types and at least dynamic HARQ-ACK codebook can be used. To support multiple PUCCHs with HARQ-ACK information within a slot, sub-slot based K1 granularity is adopted. In this case, Rel-15 HARQ-ACK codebook construction can be applied in the unit of sub-slot at least for dynamic HARQ-ACK codebook for Rel-16 URLLC. 
The basic rule of Rel-15 dynamic HARQ-ACK codebook is to use counter-DAI and total-DAI of which the functionalities are summarized as follows:
1) Use counter-DAI to find HARQ-ACK bit position (or order) in a dynamic HARQ-ACK codebook
2) Use total-DAI to determine the size of a dynamic HARQ-ACK codebook
The dynamic HARQ-ACK codebook can be correctly generated without the total-DAI, when the last PDCCH is not missed. Further, the total-DAI is not included in the Rel-15 fallback DCI format 1_0 and the pseudo-code in TS38.213 Section 9.1.3.1 can be directly reused without modifications [3]. That is, the total-DAI can be excluded from the DCI format for Rel-16 URLLC. However, the counter-DAI is essential to generate a dynamic HARQ-ACK codebook. If the counter-DAI is excluded from the DCI format for Re1-16 URLLC, a UE may not find correct HARQ-ACK bit position (or order) in a dynamic HARQ-ACK codebook by using the pseudo-code in TS38.213. 
· Observation 1: 
· Even if the total-DAI is not included in the DCI format for Rel-16 URLLC, the pseudo-code for dynamic HARQ-ACK codebook in Rel-15 can be reused without modification. 
· However, if the counter-DAI is not included or its bit-size is reduced in the DCI format 1_2 for Rel-16 URLLC, the pseudo-code dynamic HARQ-ACK codebook in Rel-15 should be modified to find correct HARQ-ACK bit positions.

In TS38.212 v16.1.0, the DCI format 0_2 and 1_2 are newly introduced. In the DCI format 1_2, the bit-size of DAI can be configurable as follows: 
	[bookmark: _Toc29326613][bookmark: _Toc29327763][bookmark: _Toc36045953][bookmark: _Toc36046213][bookmark: _Toc36046359]7.3.1.2.3	Format 1_2
DCI format 1_2 is used for the scheduling of PDSCH in one cell. 
The following information is transmitted by means of the DCI format 1_2 with CRC scrambled by C-RNTI or CS-RNTI or MCS-C-RNTI: 
...
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 is not configured;
-	1, 2 or 4 bits determined by higher layer parameter Downlinkassignmentindex-ForDCIFormat1_2 otherwise,
-	4 bits if more than one serving cell are configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI
-	1 or 2 bits if only one serving cell is configured in the DL and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, where the 1 bit or 2 bits are the counter DAI.



From the specification, the bit-size of counter-DAI in the DCI format 1_2 can be 0, 1, or 2 bits. However, the bit-size of counter-DAI in DCI format 1_0 and 1_1 is fixed to 2 bits.
· Observation 2: The bit-size of counter-DAI is 
· 2 bits in DCI format 1_0 and DCI format 1_1 or
· 0, 1, or 2 bits in DCI format 1_2.

1-bit counter-DAI in DCI format 1_2
Considering the 1-bit counter-DAI is configured in DCI format 1_2 but 2-bit counter-DAI is included in DCI format 1_0/1_1. The value of the 1-bit counter-DAI can be 1 or 2, while the value of the 2-bit counter-DAI can be 1 or 2 or 3 or 4. Considering the case where a UE receives PDSCHs scheduled respectively by two DCI formats with 1-bit counter-DAI and 2-bit counter-DAI, which is illustrated in Figure 1. 

[image: ]
Figure 1. Use 1-bit counter-DAI and 2-bit counter-DAI
By definition, the counter-DAI indicates the number of PDCCHs scheduling PDSCH reception so far. For example, the DCI format 1_2 in slot #1 is the 2nd PDCCH scheduling PDSCH reception so that its counter-DAI represents 2. The DCI format 1_2 in slot #2 is the 3rd PDCCH scheduling PDSCH reception so that its counter-DAI represents 1 (since the range of 1-bit counter-DAI configured in DCI format 1_2 is 1 or 2). The problem occurs when DCI format 1_1 is received in slot #3. Since the DCI format 1_1 in slot #3 is the 4th PDCCH scheduling PDSCH reception, the counter-DAI represents 4 (since the range of 2-bit counter-DAI in DCI format 1_1 is from 1 to 4). Based on the definition of counter-DAI, the UE determines two DCI formats corresponding the counter-DAI value of 2 and 3 are missed, which results in different dynamic HARQ-ACK codebook size between the UE and gNB. 
A simple solution is to use only 1-bit (e.g. LSB) of 2-bit counter-DAI in DCI format 1_0/1_1 and then to reuse Rel-15 pseudo-code. Given 2-bit counter-DAI in DCI formats, a UE can identify at most 3 consecutive PDCCH miss-detections. In other words, if there are 3 miss-detected PDCCHs, then there is no ambiguity of dynamic HARQ-ACK codebook size between UE and gNB. If counter-DAI bit-size is reduced to 1-bit, then only one PDCCH miss-detection can be identified and any two consecutive PDCCH miss-detections are not able to be identified. At the expense of this degradation, however, the use of only 1-bit of 2-bit counter-DAI in DCI format 1_0/1_1 is a simple and clear solution. Therefore, we propose
· Proposal 1: Use only 1-bit (e.g. LSB) of 2-bit counter-DAI in DCI format 1_0/1_1 if 1-bit counter-DAI is configured in DCI format 1_2.
· Proposal 2: Adopt the following text proposal for TS38.213.
	[bookmark: _Ref500250940][bookmark: _Toc12021473][bookmark: _Toc20311585][bookmark: _Toc26719410][bookmark: _Toc29894843][bookmark: _Toc29899142][bookmark: _Toc29899560][bookmark: _Toc29917297][bookmark: _Toc36498171]9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
----------Unchanged part is omitted----------
Denote by  the minimum number of bits for the counter DAI among the monitored DCI formats and set . If  is less than the number of bits for counter DAI in a DCI format, the LSB  bits in the DCI format are used for counter DAI. Denote by [image: ] the value of the counter DAI in a DCI format scheduling PDSCH reception or SPS PDSCH release on serving cell [image: ] in PDCCH monitoring occasion [image: ] according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by [image: ] the value of the total DAI in a DCI format in PDCCH monitoring occasion [image: ] according to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats that include a total DAI field in PDCCH monitoring occasion [image: ].
----------Unchanged part is omitted----------



In Figure 2(a), only LSB 1-bit of the 2-bit counter-DAI is used. A ‘x’ denotes the ignored MSB bit. Even if a UE misses two consecutive DCI format 1_2 in slot #1 and slot #2, then the UE cannot detect such a missing case due to counter-DAI values are aligned in ascending order. 
· Observation 3: If 1-bit of 2-bit counter-DAI in DCI format 1_0/1_1 is used, two consecutive PDCCH miss-detections cannot be identified. 
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(a)                              (b)
Figure 2. Use 1-bit counter-DAI
If 2-bit counter DAI in DCI format 1_0/1_1 is used, such a miss-detection problem can be addressed. It is shown in figure 2(b) that 2-bit counter DAI in DCI format 1_0/1_1 is used and 1-bit counter-DAI in DCI format 1_2 is used. If a UE misses two consecutive DCI format 1_2 in slot#1 and slot #2, then the UE can detect two PDCCHs are missed based on the 2-bit counter-DAI value in DCI format 1_1 of slot #0 and slot #3. In more details, 2-bit counter-DAI in DCI format 1_1 of slot #0 is ‘1’ and 2-bit counter-DAI in DCI format 1_1 of slot #3 is ‘4’ which means that two DCI formats corresponding to counter-DAI value of ‘2’ and ‘3’ are missed. Based on this observation, we propose to 
· Proposal 3: Further consider using 2-bit counter-DAI in DCI format 1_0/1_1 and 1-bit counter-DAI in DCI format 1_2 to address consecutive DTX events.

0-bit counter-DAI
As discussed above, the counter-DAI may be removed from the DCI format 1_2 (i.e., 0 bit). In this case, the pseudo-code in TS38.213 Section 9.1.3.1 cannot be applicable. In this case, the UE does not expect to construct a dynamic HARQ-ACK codebook. That is, 0 bit is configured only if semi-static HARQ-ACK codebook is configured. 
However, without counter-DAI, dynamic HARQ-ACK codebook can be constructed. Since DCI decoding would be very reliable to support URLLC traffic, the DTX event is very rare. So, the dynamic HARQ-ACK codebook can be correctly constructed without use of the counter-DAI. Several options can be considered to determine HARQ-ACK bit position in a dynamic HARQ-ACK codebook without use of the counter-DAI, e.g., 
Option 1) Based on physical mapping information of PDCCH. e.g., cell index, CORESET index, or search space index where the PDCCHs are detected.
Option 2) Based on other DCI fields in a PDCCH. e.g., HARQ process number
The option 1 is to use the physical mapping information of PDCCH. If a UE detects a PDCCH, then the UE can identify the cell index, CORESET index, or search space index where the PDCCH is associated. Based on that information, the UE can determine HARQ-ACK bit positions in a dynamic HARQ-ACK codebook. For example, the HARQ-ACK bits can be arranged by first ascending order of cell index, second ascending order of CORESET index, and/or last ascending order of search space index.
The option 2 is to use other DCI fields in a PDCCH. For example, the HARQ process number (HPN) can be used to determine HARQ-ACK bit positions. Since there are no more than two PDSCHs with the same HPN in a multiplexing window, the UE can arrange PDSCHs according to ascending order of the HPN. This option is quite simple, but it would increase the UE’s complexity. If the later PDSCH may have the lower HPN, the UE should re-order HARQ-ACK bits according to the HPN. Therefore, we slightly prefer to use option 1 in case that the counter-DAI is excluded from the DCI contents scheduling PDSCH reception for Rel-16 URLLC.
· Proposal 4: If 0-bit counter-DAI is configured in DCI format 1_2, then bit order in dynamic HARQ-ACK codebook is determined by 
· Option 1) Based on physical mapping information of PDCCH. e.g. cell index, CORESET index, or search space index where the PDCCHs are detected.
· Option 2) Based on other DCI fields in a PDCCH. e.g., HARQ process number

2-bit total-DAI and 2-bit UL DAI
There exists 2-bit UL DAI for dynamic HARQ-ACK codebook in DCI format 0_1 and 0_2 and similarly, there are 2-bit total DAI field for dynamic HARQ-ACK codebook in DCI format 1_1 and 1_2. The possible value range of the 2-bit total DAI and UL DAI can be from 1 to 4. The total DAI and UL DAI can be used to determine HARQ-ACK codebook size. For example, by definition of UL DAI, the value of UL DAI, denoted by , is determined by , where  is the number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating SPS PDSCH release is present. In other words, if a UE detects a DCI format with , then the possible HARQ-ACK codebook size will be , where  is non-negative integer. 
Consider the case where a UE receives 3 DCI formats having 1-bit counter-DAI among 3 monitoring occasions as shown in figure 3. The counter-DAI value is 1, 2, and 1 in DCI formats detected in MO#0, MO#1, and MO#2, respectively. In this case, 2-bit UL DAI in DCI format scheduling PUSCH indicates the UL-DAI = 3. 

[image: ]
Figure 3. 2-bit UL DAI and 1-bit counter-DAI

Based on the current pseudo-code for Type-2 HARQ-ACK codebook, the HARQ-ACK codebook size is determine by . And in this example, TD=2, j=1, Vtemp2=3 so that , which results in incorrect HARQ-ACK codebook size. To address this issue, the HARQ-ACK codebook size should be . The same way can be also applied to the 2-bit total DAI case.
· Proposal 5: To support 2-bit UL DAI, 2-bit total-DAI and 1-bit counter-DAI, the HARQ-ACK codebook size should be determined by .

3 Conclusion
In this contribution, remaining issues on multiple PUCCHs with HARQ-ACK information within a slot and two HARQ-ACK codebooks were discussed, and the following was proposed
· Proposal 1: Use only 1-bit (e.g. LSB) of 2-bit counter-DAI in DCI format 1_0/1_1 if 1-bit counter-DAI is configured in DCI format 1_2.
· Proposal 2: Adopt the following text proposal for TS38.213.
	9.1.3.1	Type-2 HARQ-ACK codebook in physical uplink control channel
----------Unchanged part is omitted----------
Denote by  the minimum number of bits for the counter DAI among the monitored DCI formats and set . If  is less than the number of bits for counter DAI in a DCI format, the LSB  bits in the DCI format are used for counter DAI. Denote by [image: ] the value of the counter DAI in a DCI format scheduling PDSCH reception or SPS PDSCH release on serving cell [image: ] in PDCCH monitoring occasion [image: ] according to Table 9.1.3-1 or Table 9.1.3-1A. Denote by [image: ] the value of the total DAI in a DCI format in PDCCH monitoring occasion [image: ] according to Table 9.1.3-1. The UE assumes a same value of total DAI in all DCI formats that include a total DAI field in PDCCH monitoring occasion [image: ].
----------Unchanged part is omitted----------


· Proposal 3: Further consider using 2-bit counter-DAI in DCI format 1_0/1_1 and 1-bit counter-DAI in DCI format 1_2 to address consecutive DTX events.
· Proposal 4: If 0-bit counter-DAI is configured in DCI format 1_2, then bit order in dynamic HARQ-ACK codebook is determined by 
· Option 1) Based on physical mapping information of PDCCH. e.g. cell index, CORESET index, or search space index where the PDCCHs are detected.
· Option 2) Based on other DCI fields in a PDCCH. e.g., HARQ process number
· Proposal 5: To support 2-bit UL DAI, 2-bit total-DAI and 1-bit counter-DAI, the HARQ-ACK codebook size should be determined by .
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