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1 Introduction
In RAN#83 plenary meeting, the WID on physical layer enhancements for NR URLLC [1] and the WID on support of NR industrial internet of things (IoT) [2] were approved. Regarding UCI enhancements, the following scope is defined in [1]
· Specification of UCI enhancements [RAN1]
· More than one PUCCH for HARQ-ACK transmission within a slot
· At least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
In this contribution, we discuss remaining issues to support multiple PUCCHs with HARQ-ACK information within a slot and two HARQ-ACK codebooks.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Remaining issues on HARQ-ACK Codebook
[bookmark: OLE_LINK69]Issue 1: Dynamic HARQ-ACK codebook
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 adopt. In this case, Rel-15 HARQ-ACK codebook construction is applied in the unit of sub-slot at least for dynamic HARQ-ACK codebook. 
The basic rule of Rel-15 dynamic HARQ-ACK 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 field, when the last PDCCH is not missed. Further, the total-DAI field 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 field can be excluded from the DCI format for Rel-16 DCI format. However, the counter-DAI field is essential to generate a dynamic HARQ-ACK codebook. If the counter-DAI field is excluded from the DCI format for the 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 field 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 field 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 v16.0.0, the DCI format 0_2 and 1_2 are newly introduced. In the DCI format 1_2, the bit-size of DAI field can be configurable as follows: 
-	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 field in the DCI format 1_2 can be 0, or 1 or 2 bits. However, the bit-size of counter-DAI field in DCI format 1_0 and 1_1 is fixed to 2 bits. 
· Observation 2: The bit-size of counter-DAI field 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 field in DCI format 1_2
Consider the 1-bit counter-DAI field is configured in DCI format 1_2 but 2-bit counter-DAI field is included in DCI format 1_0/1_1. The value of the 1-bit counter-DAI field can be 1 or 2, while the value of the 2-bit counter-DAI field can be 1 or 2 or 3 or 4. Consider the case where a UE receive PDSCHs scheduling 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 scheduled 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 is 1 or 2). The problem is 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 is 1 or 2 or 3 or 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 field in DCI format 1_0/1_1 and then to re-use Rel-15 pseudo-code. Given 2-bit counter-DAI fields in DCI formats, a UE can identify at most 3 consecutive PDCCH miss-detections. In other words, if there are 3 PDCCHs are miss-detected, 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 field 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 field in DCI format 1_0/1_1 if 1-bit counter-DAI field is configured in DCI format 1_2.
· Proposal 2: Adopt the following text proposal 1 for TS38.213.
	Text proposal 1
----------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 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 field is used. ‘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 field 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 proposed to 
· Proposal 3: Further consider using 2-bit counter-DAI field in DCI format 1_0/1_1 and 1-bit counter-DAI field in DCI format 1_2 to address consecutive DTX events.

0-bit counter-DAI field
As discussed above, the counter-DAI field 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 field, 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 the counter-DAI field. Several options can be considered to determine HARQ-ACK bit position in a dynamic HARQ-ACK codebook without the counter-DAI field, 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 scheduling PDCCH. For example, the HARQ process number 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 a UE complexing. 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 field is excluded from the DCI formation scheduling 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

Correction on dynamic HARQ-ACK codebook multiplexing
A dynamic HARQ-ACK codebook can be multiplexed into PUSCH scheduled by DCI format 0_2. The current TS38.213 v16.0.0 description only allows the dynamic HARQ-ACK codebook is multiplexed into a PUSCH transmission scheduled by DCI format 0_0 or DCI format 0_1. To correct this, we propose
· Proposal 5: Adopt the following text proposal 2 for TS38.213
	Text proposal 2
[bookmark: _Toc12021474][bookmark: _Toc20311586][bookmark: _Toc26719411][bookmark: _Toc29894844][bookmark: _Toc29899143][bookmark: _Toc29899561][bookmark: _Toc29917298]9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DAI field, then
-	if the UE has not received any PDCCH within the monitoring occasions for DCI formats scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: ] and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format 0_1 that includes a DAI field, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, with the following modifications:
-	For the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, after the completion of the [image: ] and [image: ] loops, the UE sets [image: ] where [image: ] is the value of the DAI field in the DCI format 0_1 according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, the DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 with DAI field value [image: ] and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: ] and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 with first DAI field value [image: ] or with second DAI field value [image: ] and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 that does not support CBG-based PDSCH reception or with DCI format 1_1that supports CBG-based PDSCH reception, respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: ] and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
Table 9.1.3-2: Value of DAI in DCI format 0_1
	DAI
MSB, LSB
	[image: ] 
	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, denoted as [image: ] and [image: ]

	0,0
	1
	[image: ]

	0,1
	2
	[image: ]

	1,0
	3
	[image: ]

	1,1
	4
	[image: ]






Issue 2: Semi-static HARQ-ACK codebook
In the RAN1#96bis meeting, RAN1 discussed whether or not to support semi-static HARQ-ACK codebook for Rel-16 URLLC. The concerns are i) higher UCI overhead and ii) more specification works. Regarding the higher UCI overhead, since the URLLC traffic is bursty and event-driven, it is highly inefficient to make a HARQ-ACK codebook in a semi-static way. However, size of the semi-static HARQ-ACK codebook depends on the number of configured K1 values and TDRA table so that the size can be controlled by gNB. Regarding the more specification works, RAN1 already supports the sub-slot-level K1 granularity and thus, the semi-static HARQ-ACK codebook can be constructed based on the unit of sub-slots. By replacing slot with sub-slot, we can reuse pseudo-code in Section 9.1.2.1 TS38.213. Additionally, the semi-static HARQ-ACK codebook is robust to DTX case. For example, a UE misses to detect a PDCCH scheduling a PDSCH reception, the UE may construct a dynamic HARQ-ACK codebook with wrong HARQ-ACK bit positions. Note that if the counter-DAI field is included in the DCI format, such a misunderstanding can be avoided. However, as mentioned above, it would increase the DCI overhead and have a negative impact on the PDCCH coverage. However, the UE can correctly construct the semi-static HARA-ACK codebook without a help of the counter-DAI field. Basically, if the DL coverage is limited, then, it would be better to use the semi-static HARQ-ACK codebook and if the UL coverage is limited, then, it would be better to use the dynamic HARQ-ACK codebook. The network may choose one of codebook types depending on the wireless channel environments. Based on the observations, we propose:
· Proposal 6: Support semi-static HARQ-ACK codebook for Rel-16 URLLC at least for slot-based HARQ-ACK operation.

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 field in DCI format 1_0/1_1 if 1-bit counter-DAI field is configured in DCI format 1_2.
· Proposal 2: Adopt the following text proposal 1 for TS38.213.
	Text proposal 1
----------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 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 field in DCI format 1_0/1_1 and 1-bit counter-DAI field 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: Adopt the following text proposal 2 for TS38.213
	Text proposal 2
9.1.3.2	Type-2 HARQ-ACK codebook in physical uplink shared channel
If a UE would multiplex HARQ-ACK information in a PUSCH transmission that is not scheduled by a DCI format or is scheduled by a DCI format that does not include a DAI field, then
-	if the UE has not received any PDCCH within the monitoring occasions for DCI formats scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: ] and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission;
-	else, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, except that harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE multiplexes HARQ-ACK information in a PUSCH transmission that is scheduled by a DCI format 0_1 that includes a DAI field, the UE generates the HARQ-ACK codebook as described in Clause 9.1.3.1, with the following modifications:
-	For the pseudo-code for the HARQ-ACK codebook generation in Clause 9.1.3.1, after the completion of the [image: ] and [image: ] loops, the UE sets [image: ] where [image: ] is the value of the DAI field in the DCI format 0_1 according to Table 9.1.3-2
-	For the case of first and second HARQ-ACK sub-codebooks, the DCI format 0_1 includes a first DAI field corresponding to the first HARQ-ACK sub-codebook and a second DAI field corresponding to the second HARQ-ACK sub-codebook
-	harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUSCH.
If a UE is not provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 with DAI field value [image: ] and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 or DCI format 1_1 for scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: ] and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information in the PUSCH transmission. 
If a UE is provided PDSCH-CodeBlockGroupTransmission and the UE is scheduled for a PUSCH transmission by DCI format 0_1 with first DAI field value [image: ] or with second DAI field value [image: ] and the UE has not received any PDCCH within the monitoring occasions for PDCCH with DCI format 1_0 that does not support CBG-based PDSCH reception or with DCI format 1_1that supports CBG-based PDSCH reception, respectively, for scheduling PDSCH receptions or SPS PDSCH release on any serving cell [image: ] and the UE does not have HARQ-ACK information in response to a SPS PDSCH reception to multiplex in the PUSCH, as described in Clause 9.1.3.1, the UE does not multiplex HARQ-ACK information for the first sub-codebook or for the second sub-codebook, respectively, in the PUSCH transmission.
Table 9.1.3-2: Value of DAI in DCI format 0_1
	DAI
MSB, LSB
	[image: ] 
	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, denoted as [image: ] and [image: ]

	0,0
	1
	[image: ]

	0,1
	2
	[image: ]

	1,0
	3
	[image: ]

	1,1
	4
	[image: ]





· Proposal 6: Support semi-static HARQ-ACK codebook for Rel-16 URLLC at least for slot-based HARQ-ACK operation.
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