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1 Introduction
NR supports multi-bits for a single TB in NR for CBG-based HARQ operation. The agreements related to CBG-based transmission are as follows:
	Agreements: (RAN#1 88bis)
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.

Agreements: (RAN#1 88bis)
· Confirm the working assumption as below.
· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:
· Only allow CBG based (re)-transmission for the same TB of a HARQ process
· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB
· CBG can include one CB
· CBG granularity is configurable

Agreements: (RAN1 #89)
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 



In RAN1 NR Ad-hoc June meeting, the following email discussion related to HARQ-ACK generation for CBG-based (re)transmission was allowed. [3]
	Email approval until 13th July about followings to have down selection – Jeongho (Samsung)
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration


When carrier aggregation or TDD is employed, HARQ-ACK can be multiplexed. In LTE systems, counter-DAI/total-DAI mechanism is adopted to generate HARQ-ACK bit sequence without ambiguity between UE and gNB. In this contribution, we discuss DAI mechanism for HARQ-ACK multiplexing when CBG-based transmission is configured.

2 Discussion on HARQ-ACK multiplexing
When carrier aggregation is employed, it is natural that each component carrier may have different bandwidth and subcarrier spacing. So, CBG-based transmission can be configured per component carrier basis. In other words, CBG-based transmission can be scheduled to some of component carriers. However, TB-based transmission may be scheduled all component carriers to support at least fallback transmission. Therefore, a UE can potentially receive one of two-type of transmissions in a component carrier to which CBG-based transmission is configured. Therefore, when HARQ-ACK multiplexing is considered, both TB- and CBG-based transmission should be taken into account. 

Semi-static HARQ-ACK multiplexing
[bookmark: _GoBack]One simple approach is to fix HARQ-ACK bit sequence size as a deterministic value by assuming PDSCHs are scheduled in all component carriers. When CBG-based transmission is not configured, the number of HARQ-ACK bits for N component carriers is N. (Here, a transmission mode carrying 1 TB is presumed.) Since some of component carriers are not scheduled, semi-static HARQ-ACK codebook includes some UCI overhead. For example, if 2 component carriers among 16 component carriers are used to TB-based transmission, then 14 bits are wasted. So, semi-static HARQ-ACK multiplexing is suitable to small-size carrier aggregation. 
When CBG-based transmission is configured, the UCI overhead of semi-static HARQ-ACK should be minimized. The number of HARQ-ACK bits for N component carriers is C*N, where C is the maximum number of HARQ-ACK per a TB which is configured by higher-layer signaling. C would be larger than 4. Assuming C is 4, if 2 component carriers among 4 component carriers are used to TB-based transmission, then 14=16-2 bits are wasted. It is quite high even in small-size carrier aggregation. It can be concluded that we need to further investigate the semi-static HARQ-ACK multiplexing when CBG-based transmission is configured. 
· Observation 1. Even in case of semi-static HARQ-ACK multiplexing with carrier aggregation, the UCI overhead is quite high when the maximum number of CBGs configured by RRC is large.
· Proposal 1. RAN1 needs to investigate the semi-static HARQ-ACK multiplexing when CBG-based transmission is configured.
Dynamic HARQ-ACK multiplexing
In LTE Rel.13 eCA, dynamic HARQ-ACK multiplexing for large-size carrier aggregation is supported. To detect DTXed PDSCH, counter-DAI and total-DAI are contained in a DCI. Counter-DAI can indicate the order of scheduled PDSCH among component carriers and total-DAI can indicate the total number of scheduled PDSCH among component carriers. Based on such a DAI mechanism, a UE can generate HARQ-ACK bits for scheduled PDSCHs only. For example, if 2 component carriers among 16 component carriers are used to TB-based transmission, then HARQ-ACK bit-size is just 2. So, dynamic HARQ-Ack multiplexing is suitable to large-size carrier aggregation with expanse of DCI overhead. In LTE Rel. 13 eCA, counter-DAI and total-DAI are 2 bits, respectively, to detect 3 consecutive DTXed PDSCH. This DAI mechanism would be a baseline at least for TB-based transmission only in NR.
When CBG-based transmission is configured, we need to revisit the DAI mechanism due to its DCI overhead. In the sequel, we provide initial measures of DCI overhead
[image: ][image: ]
    (a) Fixed HARQ-ACK bits for a TB         	 (b) variable HARQ-ACK bits for a TB
Figure 1. DAI Examples
Fixed HARQ-ACK bits for a TB
RAN1 is now discussing the number of CBG-level HARQ-ACK bits for a TB. One option is to fix the number of CBG-level HARQ-ACK bits for a TB as the maximum number of CBGs configured by RRC signaling. Then, a UE should know 1) whether PDSCH is DTXed or not and 2) whether the DTXed PDSCH is TB-based transmission or CBG-based transmission. Direct extension of DAI mechanism is to counter TB-based transmission and CBG-based transmission separately. In detail, counter-DAI and total-DAI in a DCI scheduling TB-based transmission indicate the accumulated number of scheduled TB-based transmission from the first component carrier to the previous component carrier and the total number of scheduled TB-based transmission among all component carriers. Also, counter-DAI and total-DAI in a DCI scheduling CBG-based transmission indicate the accumulated number of scheduled CBG-based transmission from the first component carrier to the previous component carrier and the total number of scheduled CBG-based transmission among all component carriers. Two HARQ-ACK bit sequences for TB-based transmission and CBG-based transmission are generated separately and then concatenated. Based on this DAI mechanism, the counter DAI and total DAI field sizes can be kept at 2 bits each.
 The example is shown in Figure 1(a), where there are 8 component carriers, CBG-based transmission is scheduled on CC#0, CC#3, CC#5 and CC#7 and TB-based transmission is scheduled on CC#1 and CC#4. In the DCI scheduling CBG-based transmission in CC#3, counter-DAI = 1 because one CBG-based transmission is scheduled on CC#0 and total-DAI = 3 because 4 CBG-based transmissions are scheduled on CC#0, CC#3, CC#5 and CC#7. 

Variable HARQ-ACK bits for a TB
Another option is to change the number of CBG-level HARQ-ACK bits depending on the number of scheduled CBGs. For example, if 2 CBGs are scheduled, then CBG-level HARQ-ACK bits is 2bits. To generate HARQ-ACK bit sequence, a UE should know 1) whether PDSCH is DTXed or not and 2) how many CBGs are scheduled in the DTXed PDSCH. Direct extension of DAI mechanism would be to count the number of transmitted CBGs, not the number of scheduled TBs. In more detail, counter-DAI indicates the accumulated number of CBGs from the first component carrier to the previous component carrier and total-DAI indicates the total number of CBGs among all component carriers. Note that differentiation between TB-based transmission and CBG-based transmission is not important because CBG-based transmission can require 1-bit HARQ-ACK feedback. In order to detect 3 consecutive DTXed PDSCHs, the size of counter-DAI and total DAI is ceil(log2(4*C)) bits, respectively, where C is the maximum number of CBGs configured by RRC signaling. So, if C=4, 8 bits are required for counter-DAI and total-DAI. This is a quite large burden in the DCI so that the DAI mechanism should be improved.
The example is shown in Figure 1(b), where there are 8 component carriers, PDSCHs are scheduled on CC#0, CC#1, CC#3, CC#4, CC#5 and CC#7. In the DCI in CC#3, counter-DAI = 5 because 5 CBGs are scheduled on CC#0~CC#2 and total-DAI = 16 because 16 CBGs are scheduled on CC#0~CC#7.
· Observation 2. In case of dynamic HARQ-ACK multiplexing with fixed HARQ-ACK bits for a TB, DAI mechanism can be used without increasing DCI overhead, but in case of dynamic HARQ-ACK multiplexing with variable HARQ-ACK bits for a TB, DCI overhead quite increases to count the number of CBGs. 
· Proposal 2. NR should support dynamic HARQ-ACK multiplexing in case of fixed CBG-level HARQ-ACK bits for a TB. 
· Proposal 3. RAN1 should study to improve DAI mechanism in case of variable CBG-level HARQ-Ack bits for a TB.

3 Conclusion
In this contribution, we discussed HARQ-ACK multiplexing when CBG-based transmission is configured. Our views are summarized as follows:
· Observation 1. Even in case of semi-static HARQ-ACK multiplexing with carrier aggregation, the UCI overhead is quite high when the maximum number of CBGs configured by RRC is large.
· Proposal 1. RAN1 needs to investigate the semi-static HARQ-ACK multiplexing when CBG-based transmission is configured.
· Observation 2. In case of dynamic HARQ-ACK multiplexing with fixed HARQ-ACK bits for a TB, DAI mechanism can be used without increasing DCI overhead, but in case of dynamic HARQ-ACK multiplexing with variable HARQ-ACK bits for a TB, DCI overhead quite increases to count the number of CBGs. 
· Proposal 2. NR should support dynamic HARQ-ACK multiplexing in case of fixed CBG-level HARQ-ACK bits for a TB. 
· Proposal 3. RAN1 should study to improve DAI mechanism in case of variable CBG-level HARQ-Ack bits for a TB.
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