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1 Introduction
At RAN1#90, the following agreements were reached for CBG-based transmissions [1]: 
	Agreements:
· Confirm the working assumption that, for initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For multiple CW cases, the following can be considered.

· Option 1. The gNB configures the maximum number of CBGs per TB.

· Each TB has the same maximum number of CBGs.

· Option 2. The gNB configures the maximum number of CBGs per TB.

· Each TB can be configured with different/same maximum number of CBGs.

· Note: the gNB configures two parameters on the maximum number of CBGs per TB to the UE.

· Option 3. The gNB configures the maximum number of CBGs to be shared by both CWs. 

· FFS: How to divide the total number of CBGs to two CWs. 

Agreements:
· For the purpose of further discussion, we conclude following:

·   For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 

·   CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining

· At least following is supported for DL CBG-based (re)transmission.

·   A DCI includes both CBGTI and CBGFI.

· For single CW case, when N is the maximum number of CBGs configured by RRC

· N bits for CBGTI, and the other 1 bit for CBGFI

· FFS: whether re-interpret NDI as CBGFI

· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether jointly using other field as CBGTI or CBGFI

· FFS on multiple CW case.

· At least following is supported for DL and UL CBG-based (re)transmission.

·  A DCI includes CBGTI.

· For single CW case, N bits for CBGTI as configured by RRC

· FFS: whether CBGTI is re-interpreted as NDI 

· FFS: whether NDI is re-interpreted as CBGTI

· FFS: whether jointly using other field as CBGTI

· FFS on multiple CW case

Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))

· At least followings are supported

· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG

· FFS payload size reduction

· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs




At RAN1 NR Ad Hoc #3, it was further discussed how to signal the actual number of CBGs in DCI format and the following decision was made [2]: 
	Agreements:

· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this doe not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15


This contribution discusses the remaining open issues regarding the CBG-based transmission and states our views on those. This contribution is revised from R1-1716322. 
2. Discussion
2.1 CBG construction in case of multiple codewords 
For CBG-based transmission, one of remaining issues is how to form CBGs for dual-codeword transmissions. Three options were idenfitied: 

1. The gNB configures the maximum number of CBGs and applies this to each TB. 
2. Each TB can be configured with different/same maximum number of CBGs. 

3. The gNB configures the maximum number of CBGs to be shared by both CWs. 

For dual-codword transmission, the MCS values and the number of layers can be different for the two CWs. Opt.1 is considered less attractive for dual-CW CBG-based transmission as putting the restriction of same number of CBGs for the two CWs means that CBG-based operation is not efficiently utilized. Opt.2 allows the gNB to flexibly form CBs into CBGs, e.g., based on the MCS and layers of each CW so as to align the CBGs to the symbols to the maximum possible extent, thereby providing benefits in several aspects, e.g., easier recovery from pre-empted transmissions and minimized CBG-based HARQ-ACK feedback. Therefore, Opt.2 is a preferred approach.   
Furthermore, CBG formation for multiple codewords should be designed to support multiple TRP transmissions, including the non-ideal backhaul case. Separate maximum numbers of CBGs per CW (i.e. Opt.2) is clearly more flexible than Opt.3 as it provides the possibility of adapting the CBG numbers to potentially varying interference levels and URLLC operation in different TRPs and, hence, improve the efficiency of CBG-based operation. In addition, Opt.2 needs less standardization effort compared to Opt.3 (e.g., it requires standardization effort to specify how to divide the total number of CBGs to two CWs). 
Based on the above discussion, Opt.2 is clearly preferrable due to its flexibility, reduced standardization effort and wider deployment scenario support. Therefore, we propose: 
Proposal 1: 

· The maximum number of CBGs for each CW is separately configured by higher layers on a per CW basis.  
2.2 Interpreting the CBG Flushing out Information (CBGFI) 
In LTE system, 1-bit NDI field is explicitly signalled in DCI format in order to assist UE in differentiating between the following two error events: 

· ACK-to-NACK error on UL (transport block n)

· Missed DL assignment on PDCCH (transport block n+1) combined with interpreting a UL DTX on the ACK/NACK channel as a NACK

Since the NDI value is toggled every new transport block, it differentiates two consecutive transport blocks n and n+1. In our view, this functionality is still required for CBG-based transmission and, therefore, 1-bit TB-level NDI field should be kept in the DCI format for CBG-based transmissions to ensure robust TB-level HARQ. 

In the previous meeting it was decided [1] that for DL CBG-based (re)transmission with single codeword a DCI includes both N-bit CBGTI and 1-bit CBGFI field. The CBGTI field is used to explicitly indicate which CBG(s) is/are (re)transmitted and the CBGFI field is separately configured to state which CBG(s) is/are handled differently for soft-buffer/HARQ combining. 
During the RAN1#90 meeting, there was some discussion on  whether it is better to use a separate TB-level NDI (as done for LTE) or couple the indication of the new TB to the value of CBGFI. In our view, the second option yields very small overhead reduction (i.e., 1 bit) and an increased probability of error events. 
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Figure 1: ACK to NACK error for NDI and CBGFI field


As shown in FIG.1, UE cannot differentiate between case (1a) and case (1b) if TB-level NDI is re-interpreted as CBGFI. In the first case (i.e. FIG.1a), the UE receives an unnecessary retransmission of an old TB k. This retransmission should be stopped and accordingly an ACK should be sent to the gNB to resyncronize the transmitter and receiver states. However, in the 2nd case depicted in FIG.1b, the UE missed completely the initial transmission of new TB k+1. In this case, UE should try to decode the received re-transmission and, if not successful, request a retransmission by sending NACK. With an explicit TB-level NDI, the UE can detect the occurance of the ACK/NACK detection error by checking the NDI value and thus feedback ACK/NACK properly. 
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Figure 2: NACK to ACK error for NDI and CBGFI field
There are also other error cases caused by the 1-bit field reinterpretation, as shown in FIG.2, e.g., cases 2a, 2b and 2c, which may look identical from the UE point of view. More specifically for case 2b, UE may flush the soft buffer of TB ‘k’ without combining the two transmissions and try to decode TB ‘k+1’. However, in case 2a, UE should perform soft-combining for the retransmission. If an explicit TB-level NDI is present, UE can differentiate between these two cases and, hence, respond appropriately.  

An explicit 1-bit TB-level NDI field provides robust CBG-based operation irrespectively from the DTX detection quality  at the gNB. The handling of CBG-based retransmissions and error cases are solved by using a 1-bit TB-level NDI. In order to ensure a robust and efficient CBG-based HARQ operation with minimized packet latency, the approach of separate 1-bit TB-level NDI field in the DCI format is preferred .  
Proposal 2: 

· Introduce a separate 1-bit TB-level NDI for efficient CBG-based HARQ operation.
2.3 HARQ-ACK feedback 

Supporting CBG-based operation in DL carrier aggregation scenario for up to 16 CCs signficiantly increases the amount of HARQ-ACK that needs to be transmitted in a single UL slot. As a consequence, there is a need to consider mechanisms to reduce the HARQ-ACK payload for this CA case. 

UE that is configured with CA and CBG-based operation may not be scheduled on all CCs that are configured for CA – some of SCells may even be deactivated. If the HARQ-ACK codebook size is always semi-statistically determined according to the number of configured CCs and CBGs, UE will frequently transmit a considerable number of ACK/NACK bits associated with non-scheduled serving cells and CBGs. The problem becomes more significant when UE is scheduled only on a portion of the available DL subframes in an ACK/NACK bundling window, similarly as in LTE TDD CA. 
It was agreed in [1] to support both semi-static and dynamic HARQ-ACK codebook for NR CA. For CBG-based operation in CA scenario, it seems natural to continuously support dynamic HARQ-ACK codebook by adapting the ACK/NACK payload to the number of scheduled CCs and slots. Based on our discussion on the issue of HARQ-ACK payload misalignment for CA in our companion contribution [3], it is proposed to extend the counter DAI and total DAI concepts to support dynamic HARQ-ACK codedbook for NR CA with minimum specification impact. 
It was pointed out that there is a potential problem for the extended DAI approach if the CBG numbers can be independently configured on each CC in CA. Since the PDCCH grants for some CCs could be missed at the UE, it is difficult for the UE to determine the correct number of HARQ-ACK bits to feedback by using only the information about the configured CBGs of the corresponding CCs. An example of this mismatch is provided in FIG.2. Assume that one UE is configured with 8 active CCs and the gNB scheduled the UE in 6 CCs in slot n, but the UE missed the DL assignment in CC #3 and successfully detected all the other PDCCH assignments. Without any additional mechanism, the UE cannot identify in which CC (e.g., CC #3 with 2 CBGs or CC #4 with 4 CBGs) the missed PDSCH is transmitted, which causes misalignment on the HARQ-ACK payload. Therefore, solutions to solve the above problem need to be studied. 
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Figure 2: Mismatch problem of HARQ-ACK codebook between gNB and UE 
Proposal 3:

· RAN1 should study the HARQ-ACK codbook size alignment problem between eNB and UE if different CCs can be configured with different CBG numbers. 
2.4 TB-level retransmission 
Another FFS aspect to discuss is how the receiver triggers the TB-level retransmission when all code blocks are decoded and passed CB-level CRC but the TB-level CRC fails. Two options were idenfitied in RAN1#90, either using all “NACK” for all CBGs even when some of the CBGs had been ACKed previously (Opt.1) or using separate PUCCH format resource to feedback 1-bit or 2-bit TB-level ACK/NACK (Opt.2). 
Table 1 compares these two options from three aspects, i.e., PUCCH resource overhead, coverage of CBG-based operation, and complexity of implementation (i.e., detection and decoding at the gNB). 
Table 1: Comparison between two options, i.e., “All NACK” or “Separate PUCCH format resource”
	Options
	PUCCH resource overhead
	Coverage
	Complexity

	All NACK
	Small

(ONLY PUCCH resource for CBG-based ACK/NACK)
	Same
	Small


	Separate PUCCH format resource
	Larger 

(PUCCH resource for both CBG-based and TB-based)
	Same
	Larger 

(hypothetical detection on two resources)


It is clear that Opt.2 would increase either the PUCCH control resource overhead or the HARQ-ACK payload size in PUCCH (decrease the coverage area of CBG-based operation). In addition, this kind of PUCCH format swiching would inevitably increase UE complexity as well as eNB complexity due to the need of hypothetical detection on the used PUCCH resource. Therefore, we are of the opinion that using “all NACK” HARQ-ACK for all CBGs should be adopted unless a clear benefit can be demonstrated for the other option. 
Proposal 4: 

· NACK is reported for all CBGs if TB CRC check is not passed while CB CRC check is passed for all CBs. 
2.5 Timing of CBG-based retransmission

We do not see a clear need to define a fixed timing or window for CBG-based subsequent retransmission. In our view, the gNB scheduler should have full freedom to decide an optimal time slot for subsequent retransmission based on different use scenarios or application cases. In some cases, when gNB expects that the impacted transmission can be successfully decoded by the receiver taking into account only the pre-emption indication, e.g., due to low MCS and limited puncturing, gNB may avoid retransmission of the impacted eMBB data before receiving its ACK/NACK feedback. However, in other cases, the gNB scheduler may decide to retransmit the affected CBGs before receiving the associated HARQ-ACK feedback. 

Proposal 5: 
· Timing of CBG-based (re)transmission should be left to the gNB scheduler. 
It is worth noting that the UE processing timeline should be carefully studied in both of these cases. We believe the subsequent CBG-based retransmission, if conducted by gNB, should follow its own HARQ-ACK timeline based on the DCI format used for retransmission. 

Proposal 6: 
· The HARQ-ACK feedback for CBG-based PDSCH retransmission follows the original A/N timeline as indicated in the scheduling DCI. 
3. Conclusions
In this contribution, we discuss the remaining details for CBG-based HARQ operation and propose the following: 
Proposal 1: 

· The maximum number of CBGs for each CW is separately configured by higher layers on a per CW basis.  
Proposal 2: 

· Introduce a separate 1-bit TB-level NDI for efficient CBG-based HARQ operation.
Proposal 3:

· RAN1 should study the HARQ-ACK codbook size alignment problem between eNB and UE if different CCs can be configured with different CBG numbers. 

Proposal 4: 

· NACK is reported for all CBGs if TB CRC check is not passed while CB CRC check is passed for all CBs. 
Proposal 5: 
· Timing of CBG-based (re)transmission should be left to the gNB scheduler. 
Proposal 6: 
· The HARQ-ACK feedback for CBG-based PDSCH retransmission follows the original A/N timeline as indicated in the scheduling DCI. 
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