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1	Introduction
In this contribution, we summarize our input to the maintenance discussions on PDCCH enhancements on Rel-16 URLLC & IIoT enhancements. 
In this contribution, we discussed identified issues due to the introduction of DCI format 0_2 & 1_2 and related text proposals.	
[bookmark: _Toc415085486][bookmark: _Toc503902285]2	Identified issues of DCI formats 0_2 / 1_2 
[bookmark: _Hlk29917352]2.1 DCI size alignment for DCI formats 0_2 & 1_2 (Issue A-1 of RAN1#100-e DCI email discussion)
The issue of DCI size alignment (i.e. if specs supporting adding 0s DCI formats 0_2/1_2 to differentiate the DCI size, or if gNB should guarantee the size to be different) has been discussed in the RAN1#100-e email discussion thread [100e-NR-L1enh_URLLC_PDCCH-01]. 
Most companies in the email discussion preferred to add ‘0’s to differentiate the DCI sizes, but this could not be agreed.
Looking at Rel-15 operation (for DCI formats 0_1 & 1_1), we have the following behaviour: 
· In step 2, one zero bit is padded to DCI formats 0_1 & 1_1 if having the same size as the fallback DCIs 0_0 & 1_0 – i.e. gNB does not need to configure the sizes of the fallback and configurable DCI formats to be different
· In step 4 (i.e. DCI size alignment needed if DCI budget is exceeded), there is no zero padding – i.e. gNB would need to guarantee the DCI sizes of fallback and configurable DCI formats to be different. 
Some companies even suggested to not apply zero padding for the new DCI formats in steps ‘2’, although this is given for DCI formats 0_1 & 1_1 in Rel-15. Therefore, we think at least the zero padding in step 2A should be equally kept for the new DCI formats 0_2 & 1_2 by removing the brackets there in the current version of the specs – to have the same operation of DCI formats 0_2 & 1_2 as compared to 0_1 & 1_1.
The next question is, if in the steps 2.X we should also try to prevent the DCI size of 0_1/1_1 to be different compared to DCI format 0_2/1_2.  Similar as discussed above, in Rel-15 in case the DCI size budget is not exceeded the specifications will prevent to have same DCI sizes of different DCI formats. This should be extended also to Rel-16 and DCI formats 0_2/1_2, by zero padding DCI formats 0_1/1_1 if having the same size as DCI formats 0_2/1_2. This has been Question 2 of the feature lead summary in R1-2001404. Also here, we think that this should be supported. 
Looking at steps 4, the situation is not that clear anymore. As noted above, in Rel-15 zero padding is not applied anymore and, in this case, the gNB has to guarantee that the DCI sizes are different. Also introducing zero padding in the steps 4.X is not that easy, as basically the zero padding would need to be considered in each of the DCI size alignment steps of e.g. 4B and 4C. As a consequence, as otherwise this could become too complicate to formulate a real working solution, it may be better to follow the Rel-15 principle of not supporting zero padding to distinguish DCI sizes in case the DCI size budget is exceeded. 

As also noted in the FL proposal on the related TP in Sec. 2 of R1-20014004, the cases the UE is not required to be handling needs to be increased. We would like to point out here, that the description of cases of DCI formats 0_2/1_2 comparing with 0_1/1_1 needs to not just cover different search spaces, but should include the same search space as well as we now support the configuration of 0_1/1_1/0_2/1_2 in the same search space in Rel-16. 
To summarize this here, we basically propose to follow the Rel-15 principle of supporting zero padding in case the DCI size budget is not exceeded (i.e. in steps 2A, 2B) but do not support zero padding in case the DCI size budget is exceeded (i.e. in steps 4X).
Proposal 2.1: Follow the Rel-15 principle of supporting zero padding in case the DCI size budget is not exceeded (i.e. in steps 2A, 2B) and not supporting zero padding in case the DCI size budget is exceeded (i.e. in steps 4X), i.e. 
· For step 2A, one zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS, i.e. remove the brackets in step 2A of the DCI size alignment of Sec. 7.3.1.0 of TS 38.213. 
· For step 2B, one zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same or a different USS when having the same size after step 2A, i.e. support the intention of step 2B as outlined in the RAN1#100-e FL summary in R1-2001404 with a slight change to include the same or different search space. 
· For steps 4X, do not support zero padding to distinguish the DCI sizes as in case of Rel-15, i.e. no changes to steps 4A to 4C are seen as needed. 
Adopt the following related text proposal on DCI size alignment to Sec. 7.3.1.0 of TS 38.212 with changes marked in red taken from the FL proposal of Sec. 2 in R1-2001404 with additions in green (to also include the case of same search space configuration of DCI formats 0_1/1_1/0_2/1_2):
	TP for Sec. 7.3.1.0 of 38.212 v16.1.0 on DCI size alignment
<Unchanged text omitted>
Step 2:
-	Determine DCI format 0_1 monitored in a UE-specific search space according to clause 7.3.1.1.2.
-	Determine DCI format 1_1 monitored in a UE-specific search space according to clause 7.3.1.2.2.
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.
-	If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.
-	If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
Step 2A:
-	Determine DCI format 0_2 monitored in a UE-specific search space according to clause 7.3.1.1.3.
-	Determine DCI format 1_2 monitored in a UE-specific search space according to clause 7.3.1.2.3. 
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_2 for the SUL is not equal to the number of information bits in format 0_2 for the non-SUL, zeros shall be appended to smaller format 0_2 until the payload size equals that of the larger format 0_2.
-	[If the size of DCI format 0_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.]
-	[If the size of DCI format 1_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.]
Step 2B:
-	If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI format 0_2 monitored in the same or another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.
-	If the size of DCI format 0_1 equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1
-	If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI format 1_2 monitored in the same or another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
-	If the size of DCI format 1_1 equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
Step 3:
-	If both of the following conditions are fulfilled the size alignment procedure is complete
-	the total number of different DCI sizes configured to monitor is no more than 4 for the cell 
-	the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
Step 4:
-	Otherwise 
Step 4A:
-	Remove the padding bit (if any) introduced in step 2, and step 2A and step 2B above.

-	Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.

-	Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where  is the size of the initial UL bandwidth part. 
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 monitored in a UE-specific search space until the payload size equals that of the DCI format 1_0 monitored in a UE-specific search space.
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to truncation is larger than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0 monitored in a UE-specific search space equals the size of the DCI format 1_0 monitored in a UE-specific search space. 
Step 4B:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_2 prior to padding is less than the payload size of the DCI format 1_2 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_2 until the payload size equals that of the DCI format 1_2.
-	If the number of information bits in the DCI format 1_2 prior to padding is less than the payload size of the DCI format 0_2 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_2 until the payload size equals that of the DCI format 0_2.
Step 4C:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_1 prior to padding is less than the payload size of the DCI format 1_1 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_1 until the payload size equals that of the DCI format 1_1.
-	If the number of information bits in the DCI format 1_1 prior to padding is less than the payload size of the DCI format 0_1 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_1 until the payload size equals that of the DCI format 0_1.
The UE is not expected to handle a configuration that, after applying the above steps, results in
-	the total number of different DCI sizes configured to monitor is more than 4 for the cell; or
-	the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell; or
-	the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_1 in another UE-specific search space; or
-	the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_1 in another UE-specific search space; or
-	[the size of DCI format 0_0 in a UE-specific search space is equal to DCI format 0_2 in another UE-specific search space; or]
-	[the size of DCI format 1_0 in a UE-specific search space is equal to DCI format 1_2 in another UE-specific search space.]; or
-	the size of DCI format 0_2 in a UE-specific search space is equal to DCI format 0_1 in the same or another UE-specific search space; or
-	the size of DCI format 1_2 in a UE-specific search space is equal to DCI format 1_1 in the same or another UE-specific search space.
<Unchanged text omitted>



2.2 Completion of DMRS and PTRS reception procedure for PDSCH scheduled by DCI formats 1_2 (Sec. 7.3.1.2.3 in 38.212, Sec. 5.1.6.2 & 5.1.6.3 in 38.214)
At RAN1#100bis-e meeting, the DMRS and PTRS transmission procedures for PUSCH scheduled (or activated) by DCI format 0_2 has been agreed, by basically following the procedures for DCI format 0_1. 
We suggest here to simply follow the same logic for PDSCH with DCI format 1_2 as agreed for PUSCH with DCI format 0_2 by agreeing the following related TPs (which are the DL / PDSCH / DCI format 1_2 equivalent of the related TPs agreed as part of Email discussion [100b-e-NR-L1enh-URLLC-eCG-01] with the outcome reported in R1-2002804. 
The changes to DMRS/PTRS for DCI format 0_2 included the following components (TPs) as laid out in this FL summary / discussion outcome: 
1. Correction to DM-RS reception procedure: 
Please note this change is not required for DM-RS transmission procedure anymore, as the current specs already contain the related operation (in yellow below) – therefore no changes seen as needed for DM-RS reception procedure for PDSCH with DCI format 1_2
	5.1.6.2	DM-RS reception procedure
The DM-RS reception procedures for PDSCH scheduled by PDCCH with DCI format 1_1 described in this clause equally apply to PDSCH scheduled by PDCCH with DCI format 1_2, by applying the parameters of dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 instead of dmrs-DownlinkForPDSCH-MappingTypeA and dmrs-DownlinkForPDSCH-MappingTypeB.
When receiving PDSCH scheduled by DCI format 1_0 or receiving PDSCH before dedicated higher layer configuration of any of the parameters dmrs-AdditionalPosition, maxLength and dmrs-Type, the UE shall assume that the PDSCH is not present in any symbol carrying DM-RS except for PDSCH with allocation duration of 2 symbols with PDSCH mapping type B (described in clause 7.4.1.1.2 of [4, TS 38.211]), and a single symbol front-loaded DM-RS of configuration type 1 on DM-RS port 1000 is transmitted, and that all the remaining orthogonal antenna ports are not associated with transmission of PDSCH to another UE and in addition
<Unchanged text is omitted>


2. Correction to PT-RS reception procedure:
Similar changes as for PT-RS transmission procedure are seen as needed (TP 2-2a provided below)
3. Correction to Antenna port(s) value if configured to 0bit size 
Similar changes as for DCI format 0_2 also required for DCI format 1_2 (TP 2-2b provided below)
4. Correction to PTRS-DMRS association field description
As there is no dynamic indication for PDSCH (in contrast to PUSCH), there is no need for such need for changes here. 
Proposal 2.2: Adopt the following text proposals with changes marked in red for PTRS reception procedures with DCI format 1_2 (TP 2-2a) and the Antenna port(s) value definition for 0bit field size for DCI format 1_2 (TP 2-2b): 
TP2-2a: 
	TP 2-2a to TS 38.214, 5.1.6.2 & 5.1.6.3: PTRS procedure description for DCI format 1_2 
5.1.6.2	DM-RS reception procedure
<Unchanged text is omitted>
If a UE receiving PDSCH scheduled by DCI format 1_2 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 or dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 or a UE receiving PDSCH scheduled by DCI format 1_0 or DCI format 1_1 is configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB DMRS-DownlinkConfig, the UE may assume that the following configurations are not occurring simultaneously for the received PDSCH:
-	any DM-RS ports among 1004-1007 or 1006-1011 for DM-RS configurations type 1 and type 2, respectively are scheduled for the UE and the other UE(s) sharing the DM-RS REs on the same CDM group(s), and
-	PT-RS is transmitted to the UE.
<Unchanged text is omitted>
[bookmark: _Toc11352103][bookmark: _Toc20317993]5.1.6.3	PT-RS reception procedure
The procedures on PT-RS reception described in this clause apply to a UE receiving PDSCH scheduled by DCI format 1_2 configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 or dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 and to a UE receiving PDSCH scheduled by DCI format 1_0 or format 1_1 configured with the higher layer parameter phaseTrackingRS in dmrs-DownlinkForPDSCH-MappingTypeA or dmrs-DownlinkForPDSCH-MappingTypeB.  
A UE shall report the preferred MCS and bandwidth thresholds based on the UE capability at a given carrier frequency, for each subcarrier spacing applicable to data channel at this carrier frequency, assuming the MCS table with the maximum Modulation Order as it reported to support.
<Unchanged text is omitted>



TP 2-2b: 
	TP 2-2b to TS 38.212, 7.3.1.2.3: Antenna port(s) value if having 0bit field size 
[bookmark: _Toc36045953][bookmark: _Toc36046213][bookmark: _Toc36046359]7.3.1.2.3	Format 1_2
<Unchanged text is omitted>
-	Antenna port(s) – 0, 4, 5, or 6 bits 
-	0 bit if higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat1_2 is not configured;
-	Otherwise 4, 5 or 6 bits as defined by Tables 7.3.1.2.2-1/2/3/4, where the number of CDM groups without data of values 1, 2, and 3 refers to CDM groups {0}, {0,1}, and {0, 1,2} respectively. The antenna ports shall be determined according to the ordering of DMRS port(s) given by Tables 7.3.1.2.2-1/2/3/4. If a UE is configured with both dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2 and is configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat1_2, the bitwidth of this field equals, where  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and  is the "Antenna ports" bitwidth derived according to dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2. A number of  zeros are padded in the MSB of this field, if the mapping type of the PDSCH corresponds to the smaller value of  and .
If a UE is not configured with higher layer parameter AntennaPorts-FieldPresence-ForDCIFormat1_2 but configured with one or more of dmrs-DownlinkForPDSCH-MappingTypeA-ForDCIFormat1_2 and dmrs-DownlinkForPDSCH-MappingTypeB-ForDCIFormat1_2, antenna port(s) are defined assuming bit field index value 0 in Tables 7.3.1.2.2-1/2/3/4.
<Unchanged text is omitted>



2.3 Remove CBG PUSCH additions to DCI format 0_1 (38.212, Sec. 7.3.1.1.2)
A paragraph in brackets was added with respect to PUSCH CBG operation to DCI format 0_1 as shown below: 
	-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]



First of all, the CBG PUSCH operation has nothing to do with the operation of two PDSCH HARQ-Ack codebooks. Secondly, RAN1 did not agree to support separate CBG operation for PUSCH with respect to different PUSCH priorities (which somehow would be corresponding to different HARQ-Ack codebooks for PDSCH). And it does no really make sense to configure separately, as the DCI overhead would be given by the larger size of the CBGTI field for DCI format 0_1 – therefore, no advantage of allowing such separate configuration is identified which is very much in contrast to CBG of PDSCH for the two HARQ-Ack codebooks resulting in different codebook sizes. 
Therefore, the following TP should be agreed: 
Proposal 2.3: Remove the addition of CBG based PUSCH additions to DCI format 0_1 in Sec. 7.3.1.1.2 of TS 38.212 by agreeing to the following TP with changes in red:
	TP to TS 38.212, 7.3.1.1.2: Removal of CBGTI size alignment clause for DCI format 0_1
[bookmark: _Toc19798776][bookmark: _Toc26467247][bookmark: _Toc29326608][bookmark: _Toc29327758]7.3.1.1.2	Format 0_1
<Unchanged text is omitted>

-	CSI request – 0, 1, 2, 3, 4, 5, or 6 bits determined by higher layer parameter reportTriggerSize.
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
[When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 0_1 for the two HARQ-ACK codebooks are the same.]
-	PTRS-DMRS association – number of bits determined as follows
<Unchanged text is omitted>



2.4 Determination of DCI field sizes for the case of two HARQ-Ack codebooks (38.212, Sections 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3)
The following working assumption has been made in RAN1#99:
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
This was implemented in TS 38.212 as follows e.g. for DAI field in format 1_1 with the parts in yellow:
	-	Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	4 bits if one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, and the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, when the UE is not configured with CORESETPoolIndex or the value of CORESETPoolIndex is the same for all CORESETs if CORESETPoolIndex is provided or the UE is not configured with ACKNACKFeedbackMode = JointFeedback, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
When two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_1 for the two HARQ-ACK codebooks are the same.


However, the working assumption is supposed to cover the case when one DCI format can be used to dynamically indicate the HARQ-ACK priority when scheduling PDSCH. In this case, field size alignment would be necessary.  However, configuration of two HARQ-ACK codebooks does not necessarily mean that a particular DCI format can be used to schedule both HARQ-ACK priorities. A more precise condition is to check whether the priority indicator field is present in the format, i.e. if more than one priority is scheduled by the respective DCI format as otherwise, the DCI format size may be unnecessarily large. As a consequence, we suggest agreeing an updated version of the previous working assumption and a related TP to 38.212 as follows: 
Proposal 2.4A: Confirm the RAN1#99 working assumption with the following changes: 
If the UE is configured with dynamic priority indication for DCI formats 0_1, 0_2, 1_1 or 1_2 (using PriorityIndicator-ForDCIFormat0_1/1_1/0_2/1_2)When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following DCI fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)

Proposal 2.4B: Adopt the following text proposal for the DCI field size alignment in case of two HARQ-ACK codebooks for TS 38.212, Section 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 with changes marked in red (and the removal of one unnecessary bullet ‘-‘ marked in red/yellow):
	TP to TS 38.212, Section 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 on DCI field size alignment for the case of two HARQ-ACK codebooks
[bookmark: _Toc19798779][bookmark: _Toc26467250][bookmark: _Toc29326612][bookmark: _Toc29327762]7.3.1.1.2	Format 0_1
<Unchanged text is omitted>
-	1st downlink assignment index – 1, 2 or 4 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook, or for enhanced dynamic HARQ-ACK codebook without UL-TotalDAI-Included-r16 configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook and with UL-TotalDAI-Included-r16 = "enable".. 
	If higher layer parameter PriorityIndicator-ForDCIFormat0_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the 1st downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 1st downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 1st  downlink assignment index until the bit width of the 1st downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
-	2nd downlink assignment index – 0, 2 or 4 bits:
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks, or for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and without UL-TotalDAI-Included-r16 configured;
-	4 bits for enhanced dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks and with UL-TotalDAI-Included-r16 = "enable";
-	0 bit otherwise.
	If higher layer parameter PriorityIndicator-ForDCIFormat0_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the 2nd downlink assignment index in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the 2nd downlink assignment index in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller 2nd downlink assignment index until the bit width of the 2nd downlink assignment index in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
-	beta_offset indicator – 0 if the higher layer parameter betaOffsets = semiStatic; otherwise 2 bits as defined by Table 9.3-3 in [5, TS 38.213]. 
If higher layer parameter PriorityIndicator-ForDCIFormat0_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the beta_offset indicator in DCI format 0_1 for one HARQ-ACK codebook is not equal to that of the beta_offset indicator in DCI format 0_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller beta_offset indicator until the bit width of the beta_offset indicator in DCI format 0_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

7.3.1.1.3	Format 0_2
<Unchanged text is omitted>
-	Downlink assignment index – 0, 1, 2 or 4 bits
-	0 bit if the higher layer parameter Downlinkassignmentindex-ForDCIFormat0_2 is not configured;
-	1, 2 or 4 bits otherwise,
-	1st downlink assignment index – 1 or 2 bits:
-	1 bit for semi-static HARQ-ACK codebook;
-	2 bits for dynamic HARQ-ACK codebook.
-	2nd downlink assignment index – 0 or 2 bits
-	2 bits for dynamic HARQ-ACK codebook with two HARQ-ACK sub-codebooks;
-	0 bit otherwise.
If higher layer parameter PriorityIndicator-ForDCIFormat0_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 0_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 0_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 0_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
-	beta_offset indicator – 0 bit if the higher layer parameter betaOffsets = semiStatic; otherwise 1 bit if 2 offset indexes are configured by higher layer parameter dynamic-ForDCIFormat0_2 as defined by Table 9.3-3A in [5, TS 38.213], and 2 bits if 4 offset indexes are configured by higher layer parameter dynamic-ForDCIFormat0_2 as defined by Table 9.3-3 in [5, TS 38.213].
If higher layer parameter PriorityIndicator-ForDCIFormat0_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the beta_offset indicator in DCI format 0_2 for one HARQ-ACK codebook is not equal to that of the beta_offset indicator in DCI format 0_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller beta_offset indicator until the bit width of the beta_offset indicator in DCI format 0_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

7.3.1.2.2	Format 1_1
<Unchanged text is omitted>
-	Downlink assignment index – number of bits as defined in the following
-	6 bits if more than one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 4 MSB bits are the counter DAI and the total DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group.
-	4 bits if only one serving cell are configured in the DL and the higher layer parameter NFI-TotalDAI-Included-r16 = enable. The 2 MSB bits are the counter DAI for the scheduled PDSCH group, and the 2 LSB bits are the total DAI for the non-scheduled PDSCH group;
-	4 bits if more than one serving cell are configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	4 bits if one serving cell is configured in the DL, and the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic, and the UE is not provided CORESETPoolIndex or is provided CORESETPoolIndex with value 0 for one or more first CORESETs and is provided CORESETPoolIndex with value 1 for one or more second CORESETs, and is provided ACKNACKFeedbackMode = JointFeedback, where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI;
-	2 bits if only one serving cell is configured in the DL, the higher layer parameter pdsch-HARQ-ACK-Codebook=dynamic or pdsch-HARQ-ACK-Codebook=enhancedDynamic-r16, and NFI-TotalDAI-Included-r16 is not configured, when the UE is not configured with CORESETPoolIndex or the value of CORESETPoolIndex is the same for all CORESETs if CORESETPoolIndex is provided or the UE is not configured with ACKNACKFeedbackMode = JointFeedback, where the 2 bits are the counter DAI;
-	0 bits otherwise. 
If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK. 
-	If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PDSCH is not configured, otherwise, 2, 4, 6, or 8 bits as defined in Clause 5.1.7 of [6, TS38.214], determined by the higher layer parameters maxCodeBlockGroupsPerTransportBlock and maxNrofCodeWordsScheduledByDCI for the PDSCH. 
If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG transmission information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG transmission information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG transmission information until the bit width of the CBG transmission information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
-	CBG flushing out information (CBGFI) – 1 bit if higher layer parameter codeBlockGroupFlushIndicator is configured as "TRUE", 0 bit otherwise. 
If higher layer parameter PriorityIndicator-ForDCIFormat1_1 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the CBG flushing out information in DCI format 1_1 for one HARQ-ACK codebook is not equal to that of the CBG flushing out information in DCI format 1_1 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller CBG flushing out information until the bit width of the CBG flushing out information in DCI format 1_1 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>

[bookmark: _Toc29326613][bookmark: _Toc29327763]7.3.1.2.3	Format 1_2
<Unchanged text is omitted>
-	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.
If higher layer parameter PriorityIndicator-ForDCIFormat1_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the Downlink assignment index in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the Downlink assignment index in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller Downlink assignment index until the bit width of the Downlink assignment index in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
-	TPC command for scheduled PUCCH – 2 bits as defined in Clause 7.2.1 of [5, TS 38.213]
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2
-	PDSCH-to-HARQ_feedback timing indicator – 0, 1, 2, or 3 bits as defined in Clause 9.2.3 of [5, TS 38.213]. The bitwidth for this field is determined as  bits, where I is the number of entries in the higher layer parameter dl-DataToUL-ACK-ForDCIFormat1_2.
If higher layer parameter PriorityIndicator-ForDCIFormat1_2 is configuredWhen two HARQ-ACK codebooks are configured for the same serving cell, if the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for one HARQ-ACK codebook is not equal to that of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the other HARQ-ACK codebook, a number of most significant bits with value set to '0' are inserted to smaller PDSCH-to-HARQ_feedback timing indicator until the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_2 for the two HARQ-ACK codebooks are the same.
<Unchanged text is omitted>



3	Conclusions
[bookmark: _GoBack]In this contribution, we discuss the identified clarifications and additions on PDCCH enhancements with respect to the Rel-16 URLLC & IIoT WIs. 

The discussions in on PDCCH enhancement (DCI format 0_2 / 1_2) issues can be summarized as 
· Proposal 2.1: Follow the Rel-15 principle of supporting zero padding in case the DCI size budget is not exceeded (i.e. in steps 2A, 2B) and not supporting zero padding in case the DCI size budget is exceeded (i.e. in steps 4X), i.e. 
· For step 2A, one zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS, i.e. remove the brackets in step 2A of the DCI size alignment of Sec. 7.3.1.0 of TS 38.213. 
· For step 2B, one zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same or a different USS when having the same size after step 2A, i.e. support the intention of step 2B as outlined in the RAN1#100-e FL summary in R1-2001404 with a slight change to include the same or different search space. 
· For steps 4X, do not support zero padding to distinguish the DCI sizes as in case of Rel-15, i.e. no changes to steps 4A to 4C are seen as needed. 
Adopt the related text proposal on DCI size alignment to Sec. 7.3.1.0 of TS 38.212 as described in Sec. 2.1.
· Proposal 2.2: Adopt the text proposals in Sec. 2.2 for PTRS reception procedures with DCI format 1_2 (TP 2-2a) and the Antenna port(s) value definition for 0bit field size for DCI format 1_2 (TP 2-2b). 

· Proposal 2.3: Remove the addition of CBG based PUSCH additions to DCI format 0_1 in Sec. 7.3.1.1.2 of TS 38.212 as described in Sec. 2.3.

· Proposal 2.4A/B: Confirm the RAN1#99 working assumption with the following changes: 
If the UE is configured with dynamic priority indication for DCI formats 0_1, 0_2, 1_1 or 1_2 (using PriorityIndicator-ForDCIFormat0_1/1_1/0_2/1_2)When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following DCI fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
Adopt the related text proposal for the DCI field size alignment in case of two HARQ-ACK codebooks for TS 38.212, Section 7.3.1.1.2, 7.3.1.1.3, 7.3.1.2.2 and 7.3.1.2.3 as described in Sec. 2.4.
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