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1. Introduction

In RAN#78 meeting, NR specifications TS38.211, TS38.212, TS38.213, and TS38.214 had been approved [1 – 4]. In this contribution, we address some corrections to the current version of TS38.213 on CA related aspects, and provide the text proposals for those corrections.
2. Correction to 38.213
2.1. HARQ-ACK piggyback on PUSCH
In RAN1#91 meeting, the following was agreed to support HARQ-ACK piggyback on PUSCH for the case configured with semi-static codebook. According to the relevant offline discussion, the motivation is to distinguish between the case of HARQ-ACK puncturing (for up to 2 bits) and the case of HARQ-ACK rate-matching (for more than 2 bits) around UL-SCH on PUSCH. 
	Agreements:

· For semi-static HARQ-ACK codebook, 1 bit UL DAI field is included in UL grant.


In the current version of TS38.213, however, UE behaviour for HARQ-ACK piggyback on PUSCH based on the agreed 1-bit UL DAI is not specified in the semi-static codebook section. Considering the above motivation, it is reasonable to define two states indicated by the 1-bit UL DAI as “less than or equal to 2 HARQ-ACK bits” and “the maximum HARQ-ACK payload size”. Furthermore, considering the PUSCH scheduled without UL DAI, it is necessary to discuss on how to determine the HARQ-ACK payload size on the PUSCH in case of semi-static codebook. There would be two types of PUSCH without UL DAI: (1) PUSCH scheduled by DCI format 0_0 not including UL DAI field, and (2) PUSCH transmitted based on SPS configuration/activation. Considering (large size) UCI impact on UL-SCH and PUSCH parameter controllability, it is reasonable to determine the HARQ-ACK payload size on PUSCH by DCI format 0_0 as “the maximum HARQ-ACK payload size” and to determine the HARQ-ACK payload size on PUSCH based on SPS as “less than or equal to 2 HARQ-ACK bits”. The following is the text proposal for the above correction. 
█ Text Proposal
[…]

9.1.2
Type-1 HARQ-ACK codebook determination

If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static and, based on maximum and minimum slot timing values provided to a UE by higher layer parameter DL-data-DL-acknowledgement and on a number of possible slot timing values, the UE determines a number 
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 of PDCCH monitoring occasion(s) for PDCCH with DCI format 1_0 or DCI format 1_1, for which the UE transmits a corresponding HARQ-ACK codebook in a same PUCCH or PUSCH. The determination for the number 
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 of PDCCH monitoring occasion(s) is based on the PDCCH monitoring periodicity, the PDCCH monitoring offset, and the PDCCH monitoring pattern within a slot for each control resource set in the set of control resource sets configured to the UE as described in Subclause 10.1. For a serving cell and for a HARQ-ACK codebook determination, PDCCH monitoring occasions are indexed in an ascending order in time.  
For a UE monitoring occasion of a PDCCH with DCI format 1_1 and if higher layer parameter Number-MCS-HARQ-DL-DCI indicates reception of two transport blocks, when the UE receives a PDSCH with one transport block, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE or HARQ-ACK-spatial-bundling-PUSCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

If a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static, the UE shall determine 
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 HARQ-ACK information bits of a HARQ-ACK codebook for transmission in a PUCCH according to the following pseudo-code. In the following pseudo-code, if the UE does not receive a transport block or a CBG, due to the UE not detecting a corresponding PDCCH with DCI format 1_0 or DCI format 1_1, the UE generates a NACK value for the transport block or the CBG. 
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 – PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion index: lower index corresponds to earlier PDCCH with DCI format 1_0 or DCI format 1_1 monitoring occasion where 
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 is a monitoring occasion for PDCCH with DCI format 1_0 or DCI format 1_1 on serving cell 
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if HARQ-ACK-spatial-bundling-PUCCH = FALSE, CBG-DL = OFF, 
[image: image13.wmf]m

 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 on serving cell 
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elseif HARQ-ACK-spatial-bundling-PUCCH = TRUE, and the UE is configured by higher layer parameter Number-MCS-HARQ-DL-DCI with reception of two transport blocks in serving cell 
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elseif CBG-DL = ON, and 
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 CBGs indicated by higher layer parameter CBGs-per-TB-DL for serving cell 
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For HARQ-ACK transmission in a PUSCH scheduled by DCI format 0_1, 
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 denotes the 1-bit of the DAI field in DCI format 0_1 where 
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 is defined to indicate that the number of HARQ-ACK bits to be transmitted in the PUSCH is less than or equal to 2 and 
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 is defined to indicate that the number of HARQ-ACK bits to be transmitted in the PUSCH is equal to 
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If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1 with 
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 is the value of 1-bit of the DAI field in DCI format 0_1 or is scheduled by DCI format 0_0, the UE shall determine a HARQ-ACK codebook according to the previous pseudo-code except that HARQ-ACK-spatial-bundling-PUCCH is replaced by HARQ-ACK-spatial-bundling-PUSCH.  
If a UE multiplexes HARQ-ACK in a PUSCH transmission that is scheduled by DCI format 0_1 with 
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 is the value of 1-bit of the DAI field in DCI format 0_1 or is not scheduled by a DCI format, the UE generates a HARQ-ACK payload of up to 2 bits only for the scheduled PDSCH or PDCCH indicating downlink SPS release.
[…]
2.2. HARQ-ACK codebook with CBG
For dynamic HARQ-ACK codebook in case with CBG configuration, it was agreed in RAN1#91 meeting to support generation of two HARQ-ACK sub-codebooks where the first one is for TB based transmission and the second one is for CBG based transmission. According to this agreement and the current version of TS38.213, 2-bit (CC level) counter/total-DAI and its value is signalled/determined per each of the HARQ-ACK sub-codebooks. However, in the current TS38.213, the number of (CBG level) HARQ-ACK bits for each TB (
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)” across all CBG-configured CCs. This would cause unnecessary UCI (PUCCH) overhead in some cases, for example, when CC1 is configured with 1-TB consisting of 6 CBGs and CC2 is configured with 2 TBs each of which consisting of 4 CBGs (based on the current spec, 6 bits are required per TB in this case, even for CC2). With CC level DAI signalling, it should be corrected to determine the number of HARQ-ACK bits for each CC as the maximum of “total configured number of CBGs per CC” across all CBG-configured CCs. The following is the text proposal for the above correction.
█ Text Proposal
[…]

9.1.3.1
Type-2 HARQ-ACK codebook in physical uplink control channel

If a UE is configured with higher layer parameter HARQ-ACK-codebook=dynamic, with higher layer parameter CBG-DL = OFF or is not configured higher layer parameter CBG-DL, a value of the counter downlink assignment indicator (DAI) field in DCI format 1_0 or DCI format 1_1 denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or DCI format 1_0 indicating downlink SPS release is present, up to the current serving cell and current PDCCH monitoring occasion, first in increasing order of serving cell index and then in increasing order of PDCCH monitoring occasion index 
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 as described in Subclause 9.1.2 except that the maximum slot timing value is replaced by the slot timing value indicated in a first DCI format 1_0 or DCI format 1_1 that the UE detects and the minimum slot timing value is replaced by the slot timing value indicated in a last DCI format 1_0 or DCI format 1_1 that the UE detects and for which the UE transmits HARQ-ACK in a same PUCCH.
The value of the total DAI in DCI format 1_0 or DCI format 1_1 denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) associated with DCI format 1_0 or DCI format 1_1 or associated with DCI format 1_0 indicating downlink SPS release is present, up to the current PDCCH monitoring occasion 
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and shall be updated from PDCCH monitoring occasion to PDCCH monitoring occasion. 
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 as the value of the counter DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release for serving cell 
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 in PDCCH monitoring occasion 
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 according to Table 9.1.3-1. Denote 
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as the value of the total DAI in DCI format 1_0 or DCI format 1_1 scheduling PDSCH reception or indicating downlink SPS release in PDCCH monitoring occasion 
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 according to Table 9.1.3-1. The UE shall assume a same value of total DAI in all DCI formats 1_0 or DCI format 1_1 scheduling PDSCH reception(s) and DCI format 1_0 indicating downlink SPS release in PDCCH monitoring occasion 
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If the UE transmits HARQ-ACK using PUCCH format 2 or PUCCH format 3 or PUCCH format 4, the UE shall determine the 
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if there is a PDSCH on serving cell 
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 associated with PDCCH in PDCCH monitoring occasion 
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, or there is a PDCCH indicating downlink SPS release on serving cell 
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 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,
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elseif the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = TRUE and 
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 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,
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if the higher layer parameter HARQ-ACK-spatial-bundling-PUCCH = FALSE and 
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 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,
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if SPS PDSCH transmission is activated for a UE and the UE is configured to receive SPS PDSCH in a slot within the 
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end if
For a monitoring occasion of a PDCCH with DCI format 1_1 in at least one serving cell, when a UE receives a PDSCH with one transport block and the value of higher layer parameter Number-MCS-HARQ-DL-DCI is 2, the HARQ-ACK response is associated with the first transport block and the UE generates a NACK for the second transport block if spatial bundling is not applied (HARQ-ACK-spatial-bundling-PUCCH = FALSE or HARQ-ACK-spatial-bundling-PUSCH = FALSE) and generates HARQ-ACK value of ACK for the second transport block if spatial bundling is applied. 

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 
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higher layer parameter CBG-DL = OFF, or is not configured with higher layer parameter CBG-DL, for 
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the UE shall determine the 
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 according to the previous pseudo-code with the following modifications
-

[image: image99.wmf]DL

cells

N

 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;
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 for the determination of a second HARQ-ACK sub-codebook corresponding to the 
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Instead of generating one HARQ-ACK information bit per transport block for a serving cell from the 
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 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 
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 HARQ-ACK information bits for one transport block if a monitoring occasion includes 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 
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, the UE generates NACK for the last 
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 HARQ-ACK information bits for serving cell 
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;

-
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.

Table 9.1.3-1: Value of counter DAI and total DAI in DCI format 1_0 or DCI format 1_1
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	Number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH transmission(s) associated with PDCCH or PDCCH indicating downlink SPS release is present, denoted as 
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[…]

3. Consideration issue

One issue required to be considered is the support of HARQ-ACK fallback by PUCCH for small HARQ-ACK payload size in case configured with semi-static HARQ-ACK codebook. In LTE, this HARQ-ACK fallback mechanism is already supported by PUCCH format 1a/1b for the case of single PDSCH reception only in Pcell. Without this fallback operation, the UE should always transmit the maximum HARQ-ACK payload size on large PUCCH format/resource whenever at least one PDSCH is scheduled for the UE. Considering efficient PUCCH resource utilization, the HARQ-ACK fallback by PUCCH should be supported in NR as well.

Proposal 1: HARQ-ACK fallback by PUCCH should be supported for small HARQ-ACK payload size in case configured with semi-static HARQ-ACK codebook.
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