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Introduction
In RAN1#91 meeting, the following agreements have been achieved w.r.t. dynamic HARQ-ACK codebook (type-2 HARQ-ACK codebook in TS 38.213) determination [1].

Agreements:
· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 
· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK
· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first)
· No additional reliability enhancements


The above and other related agreements have been captured in Subclause 9.1.3 of TS 38.213 [2]. In our view, some descriptions are still ambiguous in the current version. In this contribution, we share some discussions on the potentially ambiguous parts and provide candidate text proposals. All the text proposals in this contribution are targeted for Subclause 9.1.3.1 of TS 38.213.
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HARQ-ACK bit generation for SPS PDSCH

To obtain a type-2 HARQ-ACK codebook, a UE will determine a sequence of HARQ-ACK bits  according to the pseudo-code in Subclause 9.1.3.1 of TS 38.213. The part related with HARQ-ACK bit generation for SPS PDSCH is copied as follows.
Original text in Subclause 9.1.3.1 of TS 38.213:

if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the  monitoring occasions



= HARQ-ACK bit associated with the SPS PDSCH reception
end if


According to the above descriptions, only one HARQ-ACK bit associated with the SPS PDSCH reception is placed at the end of the type-2 HARQ-ACK codebook. This is true for LTE since SPS can only be configured in the PCell. In NR, the following agreements have been achieved in RAN2#99bis meeting.

Agreements:
1. SPS/GF operation can be active simultaneously for PCell/PSCell and SCell. This applies to both Type 1 and Type 2.  
2. For SPS, no optimizations to MAC CEs are pursued to support simultaneous activation/deactivation. The UE identifies the serving cell based on the grant mechanism (i.e. nothing special needs to be done)
3. SPS is configured per serving cell.  For SPS, multiple SPS configurations per serving cell are not supported.  

According to the third bullet, SPS is configured per serving cell in NR. Therefore, there can be multiple HARQ-ACK bits associated with SPS PDSCH receptions from multiple serving cells. To be in line with the above RAN2 agreements, some modifications are needed in Subclause 9.1.3.1 of TS 38.213. In the following text proposal, TB-based transmission is assumed for SPS PDSCH for ease of illustration. 

Text proposal for Subclause 9.1.3.1 of TS 38.213:

Set 

while 


if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the  monitoring occasions in serving cell 



= HARQ-ACK bit associated with the SPS PDSCH reception
end if


end while

Proposal 1: For type-2 HARQ-ACK codebook determination, it should be captured in TS 38.213 that multiple HARQ-ACK bits can be generated for SPS PDSCH from multiple serving cells.

HARQ-ACK sub-codebook determination



If a UE is configured with CBG-DL = ON for  serving cells, and configured with CBG-DL = OFF or not configured with CBG-DL for  serving cells where , the UE will generate two HARQ-ACK sub-codebooks according to RAN1 agreements. As for how to determine these two HARQ-ACK sub-codebooks, the related descriptions from Subclause 9.1.3.1 of TS 38.213 are copied as follows.
Original text in Subclause 9.1.3.1 of TS 38.213:

-	 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;



-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook corresponding to the  serving cells for CBG-based PDSCH receptions, and …




Since the total number of serving cells  is used for generating the first HARQ-ACK sub-codebook, the two HARQ-ACK sub-codebooks are not partitioned based on the CBG-DL configurations of the serving cells. According to the text in TS 38.213, the first HARQ-ACK sub-codebook can include some HARQ-ACK bits also from  serving cells, and these HARQ-ACK bits should be associated with TB-based PDSCH receptions. However, the definition of TB-based PDSCH is not quite clear. All the follows could be argued as TB-based PDSCH since each of them corresponds to one HARQ-ACK bit.
· SPS PDSCH
· PDSCH scheduled by DCI format 1_0
· Downlink SPS release indicated by DCI format 1_0

In our view, at least SPS PDSCH within the  serving cells configured with CBG-DL = ON can be interpreted as TB-based PDSCH, and thus the associated HARQ-ACK bit(s) can be put into the first HARQ-ACK codebook. As for PDSCH (or downlink SPS release) scheduled (or indicated) by DCI format 1_0, it should be specified which HARQ-ACK sub-codebook the associated HARQ-ACK bits belong to. Otherwise, there can be two totally different interpretations as shown in the following figures. In Fig. 1 and Fig. 2, (x/y) denotes a pair of counter DAI and total DAI values which are given before the “mod” operation. A shaded block represents that a DCI format 1_0 has been received. The associated HARQ-ACK bit is put into the second HARQ-ACK sub-codebook in Fig. 1 (option A), and put into the first HARQ-ACK sub-codebook in Fig. 2 (option B).


Fig. 1: Option A: DCI format 1_0 for a serving cell with CBG-based HARQ-ACK feedback belongs to 2nd sub-codebook



Fig. 2: Option B: DCI format 1_0 for a serving cell with CBG-based HARQ-ACK feedback belongs to 1st sub-codebook

It seems that RAN1#91 agreements copied in Section 1 do not mention any special handling for fallback DCI (DCI format 1_0). Therefore our understanding is that Fig. 1 (option A) is in line with the agreements. Alternatively, under option B, if any HARQ-ACK bits from  serving cells are included in the first HARQ-ACK sub-codebook, these bits should be HARQ-ACK bits associated with SPS PDSCH. 
Since SPS PDSCH has nothing to do with DAI values, and assuming that SPS HARQ-ACK is always TB-based and the HARQ-ACK bits for SPS are appended to a sub-codebook, there is actually no difference which sub-codebook the associated HARQ-ACK bits belong to in terms of the UL control overhead. For PDSCH scheduled by DCI format 1_0 (equally applied to downlink SPS release), the major issue is whether the placement of HARQ-ACK bits in the first or second sub-codebooks is determined according to the serving cell on which the corresponding PDSCH is transmitted, and/or according to whether the PDSCH transmission is classified as TB-based or CBG-based. To minimize the UL control overhead, the determination of the sub-codebook to be used should be based on whether HARQ feedback for the corresponding PDSCH is TB-based or CBG-based. On the other hand to minimize ambiguity in the sub-codebook determination, this should be based only on whether or not the serving cell is configured for CBG-based HARQ feedback. To support this latter approach and to avoid any potential ambiguity in the current specification, the original text in Subclause 9.1.3.1 of TS 38.213 can be modified as follows.
Text proposal for Subclause 9.1.3.1 of TS 38.213:

the UE shall determine the  according to the previous pseudo-code with the following modifications





-	 is replaced by used for the determination of a first HARQ-ACK sub-codebook for the serving cells not configured with CBG-based TB-based HARQ-ACK for PDSCH receptions,; and  is an index to the th one of  such cells;






-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook for the corresponding to the  serving cells configured withfor CBG-based HARQ-ACK for PDSCH receptions, and  is an index to the th one of  such cells, and …



The above discussions are based on the description in TS 38.213 that both the counter DAI and the total DAI fields (totally 4 bits) exist in DCI format 1_0. However, there are only 2 bits in the DAI filed of DCI format 1_0 in Subclause 7.3.1.2.1 of TS 38.212 [3]. Therefore, it is also worthwhile to be clarified whether both the counter DAI and the total DAI fields are supported for DCI format 1_0. 
Proposal 2: For the determination of the first HARQ-ACK sub-codebook, the definition of TB-based PDSCH should be further clarified.

HARQ-ACK bit determination within the second HARQ-ACK sub-codebook
RAN1#91 agreements did not give details on how to generate HARQ-ACK bits for CBG-based PDSCH within the second HARQ-ACK sub-codebook. In Subclause 9.1.3.1 of TS 38.213, the related descriptions are given as follows.
Original text in Subclause 9.1.3.1 of TS 38.213:










-	Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits per transport block as described in Subclause 9.1.1 for two transport blocks if a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, or generates  HARQ-ACK information bits for one transport block if a monitoring occasion includes PDCCH with DCI format 1_0 and does not include PDCCH with DCI format 1_1 or if the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 1 as described in Subclause 9.1.1, where  is the maximum value of  across all  serving cells and, if for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell ;
















The principle of the above text is reserving HARQ-ACK bits always according to a maximum value of HARQ-ACK bits across all  serving cells. This is similar with Rel.13 eCA where two HARQ-ACK bits will be generated if at least one serving cell is configured with two-TB transmission. However, the number of HARQ-ACK bits across the serving cells seems to be overestimated and overbooked according to current TS 38.213. This will increase the HARQ-ACK feedback overhead. An example is illustrated in Fig. 3 and Fig. 4 to show the problem. In Fig. 3, (x/y) denotes a pair of counter DAI and total DAI values which are before “mod” operation. For both serving cell #0 and serving cell #1, two-TB transmission is configured (Number-MCS-HARQ-DL-DCI = 2) and the maximum number of CBGs per TB is 2 (). For both serving cell #2 and serving cell #3, single TB transmission is configured (Number-MCS-HARQ-DL-DCI = 1) and the maximum number of CBGs per TB is 8 (). Based on the above text in TS 38.213,  is the maximum value of  across all the four serving cells and thus we have . According to the above text in TS 38.213, the UE generates  HARQ-ACK bits per TB for two TBs since a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2. As shown in Fig. 4, the UE will generate 64 HARQ-ACK bits according to current TS 38.213. However, the valid number of HARQ-ACK bits is only 4+4+8+8=24. These valid HARQ-ACK bits are labelled with yellow colors, and the other 40 bits are just padding bits. The large overhead is due to the fact that both the maximum number of CBGs per TB and the maximum number of TBs are used to generate HARQ-ACK bits. Another option (option 2 in Fig. 4) could be generating HARQ-ACK bits according to the maximum number of CBGs per serving cell. For serving cell , the maximum number of CBGs per serving cell is calculated as the sum of  from all the TBs and denoted as . If serving cell  is configured with two-TB transmission, we have . Otherwise we have . For all the four serving cells, the maximum number of CBGs per serving cell  can be calculated as 4, 4, 8 and 8 respectively. The UE will generate HARQ-ACK bits according to the maximum value of  across all the four serving cells, and thus the maximum value is 8. Therefore, 32 HARQ-ACK bits will be generated in option 2. Compared with TS 38.213, the number of HARQ-ACK bits has been reduced by half.


Fig. 3A Assumptions to show HARQ-ACK bit generation for the second HARQ-ACK sub-codebook


Fig. 3B Comparison of HARQ-ACK bits between TS 38.213 and Option 2
Above all, it is worth to be checked with companies which option is the common understanding. Based on the above discussions, the corresponding text proposal is given below.
Text proposal for Subclause 9.1.3.1 of TS 38.213:


















-	Except for HARQ-ACK information bits associated with the SPS PDSCH reception, iInstead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits per transport block as described in Subclause 9.1.1 for two transport blocks if a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, or otherwise generates  HARQ-ACK information bits for one transport block if a monitoring occasion includes PDCCH with DCI format 1_0 and does not include PDCCH with DCI format 1_1 or if the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 1 as described in Subclause 9.1.1, where   is the maximum value of  for a given monitoring occasion across all the  serving cells  configured with CBG-based HARQ-ACK for PDSCH reception and  is equal to 2 if the monitoring occasion includes PDCCH with DCI format 1_1 and the value of the higher layer parameter Number-MCS-HARQ-DL-DCI is 2 for serving cell  or otherwise is equal to 1; and, if for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell ;


Proposal 3: HARQ-ACK bits for the second HARQ-ACK sub-codebook are overestimated and this needs to be double checked. 

Conclusions
In this contribution, we share some views on Type-2 HARQ-ACK codebook in Subclause 9.1.3.1 of TS 38.213. Several issues with potential ambiguity or inconsistency have been proposed for discussion and some text proposals are suggested. The proposals are given below and the whole text proposal is provided in Appendix.
Proposal 1: For type-2 HARQ-ACK codebook determination, it should be captured in TS 38.213 that multiple HARQ-ACK bits can be generated for SPS PDSCH from multiple serving cells.
Proposal 2: For the determination of the first HARQ-ACK sub-codebook, the definition of TB-based PDSCH should be further clarified.
Proposal 3: HARQ-ACK bits for the second HARQ-ACK sub-codebook are overestimated and this needs to be double checked. 
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Appendix
The whole text proposal for Subclause 9.1.3.1 of TS 38.213 is given as follows.
…

if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and  is a monitoring occasion for PDCCH with DCI format 1_1 and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in at least one configured serving cell,


else




 for any 

Set 

while 


if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the  monitoring occasions in serving cell 



= HARQ-ACK bit associated with the SPS PDSCH reception
end if


end while
…

If a UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4 and the UE is configured with
-	higher layer parameter HARQ-ACK-codebook=dynamic;

-	higher layer parameter CBG-DL = ON for  serving cells; and


-	higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for  serving cells where 

the UE shall determine the  according to the previous pseudo-code with the following modifications





-	 is replaced by used for the determination of a first HARQ-ACK sub-codebook for the serving cells not configured with CBG-based TB-based HARQ-ACK for PDSCH receptions,; and  is an index to the th one of  such cells;






-	 is replaced by  for the determination of a second HARQ-ACK sub-codebook for the corresponding to the  serving cells configured withfor CBG-based HARQ-ACK for PDSCH receptions, and  is an index to the th one of  such cells, and


















-	Except for HARQ-ACK information bits associated with the SPS PDSCH reception, iInstead of generating one HARQ-ACK information bit per transport block for a serving cell from the  serving cells, the UE generates  HARQ-ACK information bits per transport block as described in Subclause 9.1.1 for two transport blocks if a monitoring occasion includes PDCCH with DCI format 1_1 and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, or otherwise generates  HARQ-ACK information bits for one transport block if a monitoring occasion includes PDCCH with DCI format 1_0 and does not include PDCCH with DCI format 1_1 or if the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 1 as described in Subclause 9.1.1, where   is the maximum value of  for a given monitoring occasion across all the  serving cells  configured with CBG-based HARQ-ACK for PDSCH reception and  is equal to 2 if the monitoring occasion includes PDCCH with DCI format 1_1 and the value of the higher layer parameter Number-MCS-HARQ-DL-DCI is 2 for serving cell  or otherwise is equal to 1; and, if for a serving cell  it is , the UE generates NACK for the last  HARQ-ACK information bits for serving cell ;
-	The pseudo-code operation for HARQ-ACK-spatial-bundling-PUCCH = TRUE is not applicable;
-	The UE generates the HARQ-ACK codebook by appending the second HARQ-ACK sub-codebook to the first HARQ-ACK sub-codebook.
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