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1 Introduction
In the RAN1 #90bis meeting, semi-static and dynamic HARQ-ACK codebook construction for CBG-based transmission was intensively discussed and the following agreements are made: 
	Agreements: (RAN1 #90bis)
·  ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells
· The max number of TBs based on configuration for each DL cell
· Configured number of CBGs per TB per configured DL cell
· FFS: Handling of different numerology between UL and DL
· Details FFS
· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell
· Details FFS


Also, it was agreed in the RAN1 #90bis meeting that compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15 (but, spatial bundling is supported). The remaining issue is whether or how to support HARQ-ACK bundling in case of CBG-based transmission. 
	Agreements: (RAN1 NR Adhoc#3)
· Bundling of HARQ-ACKs across different CCs for a UE is not supported in Rel-15

Agreements: (RAN1 #90bis)
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.
· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 
· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. 
· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design. 
· [bookmark: _Hlk498605692]Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.
· No additional CB grouping method is introduced in Rel-15.

Agreements: (RAN1 #90bis)
· NR supports HARQ-ACK bundling in spatial domain for a NR-PDSCH transmission
· FFS details (e.g., whether or not to have RRC configuration, whether to apply to CBG-based HARQ-ACK or not, etc.)

Agreements: (RAN1 #90bis)
· For HARQ-ACK spatial bundling: 
· Support higher layer configuration for spatial-domain bundling per PUCCH group
· Bundling is per cell, and same configuration applies to all the cells
· FFS whether or not to support HARQ spatial bundling in a dynamic manner


Our views on HARQ-ACK multiplexing and bundling in case of CBG-base transmission are presented in this contribution.

2 Discussion on HARQ-ACK multiplexing in case of CBG-based transmission
In LTE Rel.13 eCA, dynamic HARQ-ACK multiplexing for carrier aggregation up to 32 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 scheduled to TB-based transmission, then HARQ-ACK bit-size is 2. So, dynamic HARQ-ACK multiplexing is suitable to large-size carrier aggregation with expense 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.
In case of CBG-based transmission, to generate HARQ-ACK codebook, a UE should know 1) whether PDSCH is DTXed or not and 2) how many CBGs are scheduled in the DTXed PDSCH. In the last RAN1 #90bis meeting, the following four options to enhance the DAI mechanism were identified and their pros and cons were discussed. 

· Alt. 1: Extend counter-DAI and total-DAI by log2(max_number_of_CBGs_per_TB) bits
Direct improvement of DAI mechanism used in the LTE system would be to count the number of scheduled (or configured) CBGs, not the number of transmitted TBs. In more detail, counter-DAI indicates the accumulated number of scheduled (or configured) CBGs from the first component carrier to the previous component carrier and total-DAI indicates the total number of scheduled (or configured) CBGs among all component carriers. In order to detect 3 consecutive DTXed PDSCHs, the size of counter-DAI and total-DAI is ceil(log2(4*Cmax)) bits, respectively, where Cmax is the maximum of the configured numbers of CBGs across all component carriers. So, if Cmax=8, 6 bits are additionally required for counter-DAI and total-DAI. This would be a quite large burden in the DCI but there is no additional UCI overhead. In order to reduce such a large DCI overhead, CBGs can be further grouped and the number of grouped CBGs can be indicated in counter-DAI and total-DAI instead of the number of CBGs. Therefore, the size of counter-DAI and total-DAI can be reduced to ceil(log2(4*Cmax/S)) bits, where S denotes the number of CBGs in a group. 

· Alt. 2: Generate HARQ-ACK for maximum number of CBGs per TB across configured cells
In this scheme, the DAI mechanism is the same as the LTE systems, but HARQ-ACK codebook construction is different. Even if a UE is configured with different configured number of CBS across component carriers, the UE assumes that the configured number of CBG across all component carriers is its maximum number, Cmax. One increment in counter-DAI or total-DAI corresponds to Cmax CBGs, not a TB. With this assumption, a UE always generate Cmax HARQ-ACK bits for a TB regardless of the exactly configured number of CBGs. In fact, this scheme is equivalent to that every component carrier has the same configured number of CBGs. One merit of Alt 2 is that the number of bits for counter-DAI and total-DAI is not increased but remains as the LTE system. However, it results in high UCI overhead so that coverage-limited UEs cannot use a given PUCCH format without power boosting or HARQ-ACK bundling. 

· Alt. 3: Generate first HARQ-ACK sub-codebook for TBs and generate second HARQ-ACK sub-codebook for CBGs of TBs with NACK
In this scheme, the DAI mechanism is the same as the LTE systems. Different points are HARQ-ACK codebook construction method and feedback method. A UE transmits the first sub-codebook composed of TB-level HARQ-ACKs for all scheduled TBs first and then the UE transmits the second sub-codebook composed of CBG-level HARQ-ACK for all NACKed TB (which is already transmitted in the first sub-codebook). After decoding the first sub-codebook, gNB can know the size of the second HARQ-ACK codebook. One merit of this approach is to reduce the HARQ-ACK codebook size effectively if the channel condition is quite good (i.e., almost all TBs are ACKed and small portion of TBs include NACKed CBGs). However, it requires two separate PUCCH resource for each sub-codebook so that it needs to reconsider/redesign the DCI field related to PUCCH resource allocation.

· Alt. 4: For same CG, define first/second sub-CG with semi-static/dynamic HARQ-ACK codebook – HARQ-ACK codebook is the joined first/second HARQ-ACK codebooks
PDSCHs are categorized into two sub-groups according to the configured number of CBGs; type-1 PDSCH is scheduled in a component carrier configured with up to X CBGs and type-2 PDSCH is scheduled in a component carrier configured with more than X CBGs. Counter-DAI and total-DAI in a DCI scheduling type-1 PDSCH indicate the accumulated number of type-1 PDSCH from the first component carrier to the previous component carrier and the total number of type-1 PDSCH among all component carriers. Also, counter-DAI and total-DAI in a DCI scheduling type-2 PDSCH indicate the accumulated number of scheduled type-2 PDSCH from the first component carrier to the previous component carrier and the total number of scheduled type-2 PDSCH among all component carriers. Similarly as in Alt. 2, UE assumes that the number HARQ-ACK bits for type-1 PDSCH is X and the number HARQ-ACK bits for type-2 PDSCH is Cmax. Two HARQ-ACK sub-codebook for type-1 PDSCH and type-2 PDSCH are generated separately and then concatenated. Based on this DAI mechanism, the counter DAI and total-DAI field sizes can be kept to 2 bits each (same as LTE systems). 
One issue of Alt. 4 is to receive only one type of PDSCH. A UE cannot distinguish two possibilities
1) Other type of PDSCHs are actually not transmitted
2) All of other type of PDSCHs are DTXed
In order to distinguish two possibilities, it can be considered to indicate the presence of different type of PDSCH within HARQ-ACK multiplexing window. For such an indication, a method is to add total-DAI value of different type of PDSCH within HARQ-ACK multiplexing window in a DCI. It may increase 2-bit DCI overhead. Another solution is for UE to assume that two DAI processes share the same total-DAI value. In other words, even if the numbers of scheduled type-1 PDSCH and type-2 are different, total-DAI value (after modulo operation) should be set to the same value. This option can keep the DCI payload size, but it slightly increases UCI overhead.

Table 1 shows counter-DAI (C-DAI) and total-DAI (T-DAI) and corresponding HARQ-ACK codebook for Alt. 1, Alt. 2 and Alt. 4. Suppose that 7 component carriers are configured to a UE and the numbers of scheduled (or configured) CBGs for each component carrier are 4,4,8,6,6,4, and 2. Component carrier #1 and #3 are not scheduled but component carriers #0, #2, #4, #5, and #2 are scheduled for a UE. The observations are summarized as follows:
-  Alt. 1: 10 bits in DCI for Counter-DAI and Total-DAI and 24 bits in UCI for 24 CBGs
-  Alt. 2: 4 bits in DCI for Counter-DAI and Total-DAI and 40 bits in UCI for 24 CBGs. 16 bits in UCI is dummy bits i.e., no information 
-  Alt. 4: 4 bits in DCI for Counter-DAI and Total-DAI and 40 bits in UCI for 28 CBGs. 4 bits in UCI is dummy bits i.e., no information
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Table 1. Comparison of Alt. 1, Alt. 2, and Alt. 4.

· Proposal 1: Based on DCI overhead and UCI overhead, RAN1 should support Alt. 1 or Alt. 4 as HARQ-ACK multiplexing scheme in case of CBG-based transmission. 
· If Alt. 1 is supported, the further DCI overhead reduction scheme should be considered.
· If Alt. 4 is supported, the issue receiving only one type of PDSCH should be addressed.

3 Discussion on HARQ-ACK bundling in case of CBG-based transmission
When CBG-based transmission and 2-CW transmission are configured, the number of HARQ-ACK bits can configured to 2, 4, 6, or 8 per PDSCH. It would be quite high when HARQ-ACK for multiple PDSCHs are multiplexed. To reduce such a high HARQ-ACK payload size, two HARQ-ACK bundling options can be considered. 

· [bookmark: _Hlk498705049]Opt 1. Partial CBG bundling
In this option, CBG-level HARQ-ACK bits for some of CBGs within a TB are bundled. In fact, this bundling is similar to reconfiguring the maximum number of CBGs to a smaller value. Since it would be weak to time-varying interference and URLLC preemption, which is a main motivation of CBG-based transmission, it is not necessarily to be configured on the top of CBG-based transmission. In other words, functionality of the partial CBG bundling can be achieved by configuring small maximum number of CBGs.

· Opt 2. Spatial CBG bundling
Spatial bundling between two CWs in the same PDSCH is already agreed to be supported in NR. The spatial bundling can reduce # of HARQ-ACK payload size with marginal DL throughput degradation. In our view, the spatial bundling can be applied to the CBG-based transmission with the same motivation. 
As a direct extension of spatial bundling for TB-level HARQ-ACKs, CBG-level HARQ-ACK bit for CBG #i in CW1 can be bundled with CBG-level HARQ-ACK bit for CBG#i in CW2. One issue is how to bundle when # of CBs is less than the configured maximum # of CBGs per TB. For example, suppose that 4 CBGs per TB are configured and CW 1 has 3 non-empty CBGs and CW 2 has 2 non-empty CBGs. When HARQ-ACK spatial bundling is disable, a UE may transmit 8-bit CBG-level HARQ-ACK with mapping 3 NACKs for empty CBGs. If HARQ-ACK spatial bunding is enabled, the UE may generate 4-bit HARQ-ACK by bundling CBG-level HARQ-ACK bit for CBG #i in CW1 and CBG-level HARQ-ACK bit for CBG#i in CW2 for i=1,2,3,4. In this bundling, two empty CBGs (all NACKs) are bundled. Rather than this bundling, we can generate 1-bit HARQ-ACK by bundling HARQ-ACK bit for CBG #1 in CW1 and HARQ-ACK bit for CBG#1 in CW2 and the remaining 2-bit HARQ-ACK for CBG #2 and #3 in CW1 and the remaining 1-bit HARQ-ACK for CBG#2 in CW2 can be multiplexed. 
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Figure 2. Spatial bundling in case of CBG-based transmission
· Proposal 2: NR supports at least HARQ-ACK spatial bundling in case of CBG-based transmission
· The P HARQ-ACK bits for the first P non-empty CBGs are spatially bundled and the remaining HARQ-ACKs for the non-empty CBGs are multiplexed.
· P = M1+M2-N where N is configured maximum number of CBGs per TB and M1 and M2 are the number of non-empty CBGs, respectively.

4 Conclusion
In this contribution, we discussed HARQ-ACK multiplexing and bundling when CBG-based transmission is configured. Our views are summarized as follows:
· Proposal 1: Based on DCI overhead and UCI overhead, RAN1 should support Alt. 1 or Alt. 4 as HARQ-ACK multiplexing scheme in case of CBG-based transmission. 
· If Alt. 1 is supported, the further DCI overhead reduction scheme should be considered.
· If Alt. 4 is supported, the issue receiving only one type of PDSCH should be addressed.
· Proposal 2: RAN1 supports the following HARQ-ACK spatial bundling in case of CBG-based transmission.
· The P HARQ-ACK bits for the first P non-empty CBGs are spatially bundled and the remaining HARQ-ACKs for the non-empty CBGs are multiplexed.
· P = M1+M2-N where N is configured maximum number of CBGs per TB and M1 and M2 are the number of non-empty CBGs, respectively.
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Alt. 1 Alt. 2 Alt. 4
Component | # of Scheduled
Carrier (or configured) | ¢-DAI C-DAI C-DAI
Index CBGs / HARQ-ACK / HARQ-ACK / HARQ-ACK
T-DAI T-DAI T-DAI

#6 2 24/24 (%22, %23) 5/5  |(*32, X33, X34, X35, X36, X37, X358, X30) 3/3 (Xg, X9, X10, ¥11)
#5 4 22/24 (%18, X109, X20, X21) 4/5 (X24, X35, X26, X27, X28, X209, X30, X31) 2/3 (x4, X5, X6, X7)
#4 6 18/24 (%12, %13, X14, X15, X16) X17) 3/5 (%16, %17, %18, X190, X20, X21, X22, X23) 2/2 Y8, Y9, Y10, Y11, Y12, Y13, V14, V15)
#3 6 Not scheduled
#2 8 12/24 | (x4, %5, X6, X7, Xg, X9, X10, %11) 2/5 (%8, X9, X10, %11, X12, X13, %14, X15) 1/2 o, Y1, Y2, Y3, Y4, Y5, Y6, ¥7)
#1 4 Not scheduled
#0 4 4/24 (%0, %1, %2, X3) 1/5 (%0, %1, X2, X3, X4, X5, X6, X7) 1/3 (%0, %1, %2, X3)
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