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1 Introduction

At RAN1#90 meeting, the following agreements related CBG-based (re)transmission were approved [1]:
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 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 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

This contribution discusses scheduling mechanisms, CBG construction and HARQ-ACK feedback for CBG-based (re)transmission. 
2 Scheduling mechanisms
During the offline discussion in RAN1#90 meeting, following four modes were provided for the case when the gNB configures CBG-based retransmission,
· Mode 1: A DCI does NOT include both CBGTI and CBGFI.
· The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
· Mode 2: A DCI only includes CBGTI.
· CBGTI informs which CBG(s) is/are (re)transmitted.
· Mode 3: A DCI only includes CBGFI.
· The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
· CBGFI informs which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· Mode 4: A DCI includes both CBGTI and CBGFI.
· CBGTI informs which CBG(s) is/are (re)transmitted.
· CBGFI informs which CBG(s) is/are handled differently for soft-buffer/HARQ combining
Considering the detection error of CBG A/N will have an impact to the CBG (re)transmissions and result in soft buffer corruption, mode 2 and mode 4 should be prioritized. For the case with URLLC preemption, CBGFI can be configured to be included in DCI, i.e., mode 4. Otherwise, mode 2 is used. Based on the latest agreements, this section will discuss the designs on NDI, CBGTI and CBGFI fields for mode 2 and mode 4.
2.1 NDI field
To reduce DCI overhead, some companies proposed that CBGTI is re-interpreted as NDI. However, it may cause misunderstanding between the gNB and UE on 
which CBG(s) is/are (re)transmitted when the UE miss the DCI indicating an initial transmission. Furthermore, a separate TB-level NDI field will be able to provide robustness for potential error case, e.g. DTX-to-ACK. For example as shown in Figure 1, suppose that CBGI=[1111] indicates that a new TB is scheduled in this transmission. If a UE fails to detect the PDCCH including CBGI=[1111] (i.e., DTX), gNB would retransmit this TB with the same CBGI=[1111]. When DTX-to-ACK error event occurs, gNB regards some of CBGs are ACKed and retransmits only the remaining NACKed CBGs with different CBGI (CBGI=[0011] for example) or gNB just retransmits some CBGs for other scheduling reasons (e.g., subsequent transmission before HARQ-ACK due to preemption). In this case, the UE thinks that this transmission is retransmission of a previously received TB (TB1 shown in Figure 1), not a new TB. Therefore, UE could probably think that the previous all-ACK feedback is wrongly decoded by gNB, and then UE would probably feedback all-ACK again, which would lead to RLC retransmissions for the new TB (TB2 as shown in Figure 1). On the other hand, with a separate TB-level NDI, such a DTX-to-ACK issue can be easily solved by the separate NDI field with toggling rule. Specifically, when the UE misses the TB initial transmission, the UE would identify that the current transmission is another new transmission from the gNB upon detecting that the NDI field is toggled. In this case, the UE may probably feedback all-NACK for the new TB2 which was missed before, and then the gNB could re-schedule all the CBGs of TB2 again in the following. 
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Figure 1.An example of DTX-to-ACK issue.
Proposal 1: For CBG-based retransmission, CBGTI is not re-interpreted as NDI.
2.2 CBGTI field
Regarding the CBGTI, a bitmap of N bits size (N is the maximum number of CBGs configured by RRC) is agreed wherein “1” represents the corresponding CBG is (re)transmitted, and “0” represents the corresponding CBG is not (re)transmitted. The status “all ones” of CBGTI represents (re)transmission of all CBG(s). On the other hand, when a UE is configured with CBG-based (re)transmission and CBG-based HARQ-ACK feedback, it is worth studying whether to support fallback to TB-based (re)transmission and/or TB-based feedback. The first motivation for fallback is the consideration of UCI payload or UL coverage limit. As an example, when CBG-based retransmission is configured, if gNB detects that the CRC of HARQ-ACK does not pass due to UL coverage limit or UL traffic is high, gNB can choose fallback to TB-based feedback. Another motivation for fallback is scheduling flexibility. If a bitmap is introduced in DCI for CBGTI, then the state “all zeros of CBGTI fields” in DCI can be used for TB-based (re)transmission and/or TB-based feedback indication. To this regard, there is no any additional cost to achieve dynamical fallback to TB-based (re)transmission and/or TB-based feedback. 

For 2 CW case, independent bitmap for each TB/CW is needed.

Proposal 2: A N-bit CBGTI is adopted for each TB
· “1” represents the corresponding CBG is (re)transmitted, and “0” represents the corresponding CBG is not (re)transmitted.

· The status “all ones” of CBGTI represents (re)transmission of all CBG(s) and indicates multiple-bits HARQ-ACK feedback, i.e., CBG-level feedback.

· The status “all zeros” of CBGTI represents (re)transmission of all CBG(s) and indicates 1-bit HARQ-ACK feedback, i.e., TB-level feedback.

Regarding the bitmap, the most straightforward way is to introduce a dedicated field for each TB (or CW). The CBGTI is always present in DCI regardless of an initial transmission or re-transmission. For the case where the number of CBs in a TB C is less than N, the number of effective information bits (or the actual number of CBGs) is determined as min(C, N). If the maximum number of CBGs per TB is 4, a CBGTI field of 4~5 bits seems acceptable (may include additional 1 bit to indicate whether to flush the received CBG(s)). If the max number of CBGs per TB is larger than 4, the overhead would increase. Besides, the overhead could be doubled for 2 CW case. Such a large dedicated overhead seems not preferable in RAN1. One possible design for the CBGTI field is to consider DCI size reduction by reusing some existing fields, such as the MCS field. The function of MCS field is to signal the TBS index and modulation order. For CBG-based re-transmission, the TBS index can be assumed to be as determined from DCI delivered in the latest PDCCH for the same HARQ process. Except for DTX, there is no need to update the TBS information for re-transmission and only the modulation order needs to be informed. For DTX, TB-based re-transmission is used and MCS is not reused since there is no need for CBGTI. Therefore, we could reuse or redefine partial or full MCS field (such as 5 bits in LTE) for CBGTI. In other words, a common field for the above bitmap in the DCI can be interpreted as the CBGTI (and possibly the CBGFI) or other existing usage, e.g., MCS indication. Specifically, when partial CBG(s) within the TB is retransmitted, the common field can be used as the CBGTI (and the pre-emption indication). On the other hand, when TB or all-CBG based (re)transmission is scheduled, the some or all part of common field can be interpreted as other existing usage, e.g., MCS indication. 
By re-using some existing fields, some DCI bits can be saved. To limit the impact on MCS, in some cases, CBGTI may not need to be involved in retransmission scheduling DCI. One example is the scheduled TB contains only one CB. The other example is DTX case or the case when gNBs could not distinguish between all NACKs and DTX, full flexibility of MCS field would be necessary even for a retransmission. Hence, an explicit indication should be included in DCI to inform UEs whether a CBGTI is contained or whether MCS is reinterpreted. Furthermore, the size of CBGTI may not be necessary to be fixed as well. The size of CBGTI depends on the TB size and thus it could change correspondingly with how many CBGs is contained by the TB transmitted this time, e.g., the size of CBGTI is min(C, N). In this case, more bits could be used for MCS indication.
Proposal 3: The size of the bitmap for the CBGTI is configured by RRC signaling. Further consider:
· Option 1: A dedicated bitmap is adopted. 

· Option 2: A common field can be interpreted as the CBGTI (and even for the CBGFI) or other existing usage, e.g., MCS indication. 
· One explicit bit is added in the DCI for the above interpretation. 

· The common field should not be interpreted as the CBGTI or the CBGFI when the initial TB contains only one CBG or when all CBGs are retransmitted. 

2.3 CBGFI field
It has been approved that 1-bit would be adopted for CBGFI in single CW case. Besides, another possible way based on the timing of (re)transmission also can be considered to indicate how the CBG flushing out information is done for mode 2. To be specific, if DCI scheduling (re)transmission before A/N is detected by UEs, the UE shall flush the buffer.
Proposal 4: Flush the buffer if DCI scheduling (re)transmission before A/N is detected.

For 2 CW case, based on the following analysis of 4 possible pre-emption cases in Figure 2, 1-bit CBGFI is enough as well. 
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Figure 2. Preemption in the case of two CWs.


· Case (a): 

· In the pre-empted transmission two CWs are scheduled. In the following transmission, both pre-empted CWs are re-transmitted. 

· In the DCI of following transmission, each CW could have its own CBGTI. While, 1-bit CBGFI is enough to inform the victim user to flush the corrupted signal of both CWs. The corrupted signal of each CW could be determined by its own CBGTI.

· Case (b):

· In the pre-empted transmission two CWs are scheduled. In the following transmission, only one of pre-empted CWs is re-transmitted.

· In the DCI of following transmission, the retransmitted CW has its CBGTI. 1-bit CBGFI is involved in this DCI as well to indicate the victim user to flush both CWs scheduled in previous transmission. The victim user can determine the corrupted signal of the retransmission CW based on its CBGTI and then determine the corrupted signal of the other CW according to the time-frequency resource of the corrupted CBG(s) of the retransmitted CW. In this case, 1-bit CBGFI is enough to flush both corrupted CWs.

· Case (c):

· In the pre-empted transmission one CW is scheduled. In the following transmission, the pre-empted CW is retransmitted and another CW is initially transmitted.

· In the DCI of following transmission, the retransmitted CW has its CBGTI. 1-bit CBGFI is involved in this DCI to indicate the victim user to flush corrupted CW(s). Because the victim user knows that the retransmitted CW has been scheduled in the previous transmission and another CW is new, the victim user can determine that only the retransmitted CW needs to be specially handled. The victim user would remove the corrupted signal of the retransmitted CW based on its own CBGTI. In this case, 1-bit CBGFI is enough to flush the corrupted CW. There is no misunderstanding between the gNB and the victim user on the new CW.

· Case (d)

· In the pre-empted transmission one CW (1st CW) is scheduled. In the following transmission, the pre-empted CW is retransmitted and another CW (2nd CW) is retransmitted as well.

· In the DCI of following transmission, both retransmitted CWs have its CBGTI. 1-bit CBGFI is involved in this DCI to indicate the victim user to flush corrupted CW(s). Because the victim user knows that the 1st CW has been scheduled in the previous transmission and the 2nd CW is not, the victim user can determine that only the 1st CW needs to be specially handled. The victim user would remove the corrupted signal of the 1st CW based on its own CBGTI and remove nothing for the 2nd CW. In this case, 1-bit CBGFI is enough to flush the corrupted CW. There is no misunderstanding between the gNB and the victim user on the 2nd CW.

Proposal 5: 1-bit CBGFI is adopted for multiple CW case if configured.

3 CBG Construction
In RAN1#90 meeting, good progress has been made on CBG construction for single CW case. Besides, three options were provided for multiple CW cases. If option 3 (i.e., the gNB configures the maximum number of CBGs to be shared by both CWs) is adopted, how to determine the (maximum) number of CBG(s) for each CW is a problem. One possible solution is to determine the (maximum) number of CBG(s) for each CW based on the TBS. For example, assuming 8 is configured as maximum number of CBGs and the TBS of two CW are 20000 and 60000, then the number of CBG(s) for each CW is 2 and 6. If the first CW with TBS of 20000 is retransmitted and the second CW with TBS of 6000 is initial transmission, then the number of CBG(s) in second CW should be kept as 6 even though with TBS of 6000. Again, if the second CW with TBS of 6000 is retransmitted and the first CW with TBS of 80000 is initial transmission, then the number of CBG(s) in first CW should be kept as 2 even though with TBS of 80000. Obviously, it is inefficient. Therefore, option 1 and option 2 are better than option 3.  Especially, option 1 (i.e., gNB configures the maximum number of CBGs per TB) is simple thus preferred. However, if strong motivations or clear benefits are identified, option 2 (i.e., each CW configured with different maximum number of CBGs) also can be considered.
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Figure 3. An example of option 3.

Proposal 6: For multiple CW cases, the gNB configures the maximum number of CBGs per TB.

· Each TB configured with same maximum number of CBGs is preferred.

· Consider each TB configured with different maximum number of CBGs if clear benefits are identified.

4 HARQ-ACK feedback

4.1 Number of HARQ-ACK bits per TB 
It was agreed that for semi-static codebook with HARQ-ACK multiplexing, the number of HARQ-ACK bits for a TB is equal to the maximum number of CBGs configured by RRC signaling. Besides, both dynamic and semi-static HARQ-ACK codebook for CA were agreed in RAN1#90 meeting. Consider that miss detection of scheduling DCI(s) may happen, the fixed number of HARQ-ACK bits for each TB is preferred even when dynamic HARQ-ACK codebook is configured. For example, assuming HARQ-ACK multiplexing across 2 TBs, where one contains 2 CBGs and another contains 3 CBGs. If one lost TB (and its DCI) is detected with DAI mechanism, the receiver does not know the codebook size since it does not know the number of CB(s) or CBG(s) of the lost TB (Note that it does not happen for single TB case since receiver would feedback nothing if scheduling DCI(s) is lost). If the fixed number of HARQ-ACK bits for each TB is applied, similar DAI mechanism in LTE (no additional DAI cost) can work well since the codebook size can be determined and N-bits NACKs can be fed back for the lost TB. To be specific, the codebook size is NM where M is the number of TBs or PDSCHs based on TB-level DAI in LTE and N is the indicated number of CBG(s) with RRC signaling. If DTX is detected, then the corresponding bits can be set as NACK.
When HARQ-ACK multiplexing is not configured, there is no ambiguity problem regarding the number of HARQ-ACK bits even with DTX. Therefore, the actual number of CBG(s) or feedback bits m can equal to the number of CBG(s) in a TB, i.e., min(C, N), where C is the number of CBs of the TB and N is the maximum number of CBGs configured by RRC signaling. This can save some unnecessary feedback bits. 
Proposal 7: The number of CBG HARQ-ACK bits for a TB is determined as follows

· For the case with HARQ-ACK multiplexing, the number of CBG HARQ-ACK bits for a TB is equal to the configured maximum number of CBG(s). .
· For the case without HARQ-ACK multiplexing, the number of CBG HARQ-ACK bits for a TB is equal to the number of CBG(s) consisting of the TB.

4.2 TB-level HARQ-ACK feedback 
When CBG-based retransmission is configured, TB-level HARQ-ACK should be supported. Considering the number of CBG HARQ-ACK bits for a TB is equal to or larger than the number of CBG(s) consisting of the TB (depends on where HARQ-ACK multiplexing is configured), the simplest way is to use all NACK of CBG-level HARQ-ACK bits to support TB-level A/N. In detail, if TB CRC fails even though all CB CRCs pass, then the UE feeds back all NACK of CBG-level HARQ-ACK to gNB. 

Proposal 8: When CBG-based retransmission is configured, use all NACK of CBG-level HARQ-ACK bits to support TB-level NACK if TB CRC fails even though all CB CRCs pass. 

When a UE is configured with CBG-based (re)transmission and CBG-based feedback, it is worth studying whether to support fallback to TB-based (re)transmission and/or TB-based feedback. As discussed before, the status “all zeros” of CBGTI can be used for fallback indication if a bitmap is introduced in DCI for CBGTI where “1” represents the corresponding CBG is (re)transmitted. In addition, for some cases, falling back to TB-based feedback can improve the performance of acknowledgement transmission. Considering the reliability of data channel, most of the transmitted CBGs will pass the CRC check, which means UE will transmit N-bits ‘1’ for all right state at most time (Assuming ‘1’ stands for ACK). For this case, if UE falls back to TB-based feedback, only one bit information needs to be transmitted, which can improve the performance compared to the N bits UCI transmission. In a similar way, if UE needs to transmit all wrong state (N-bits ‘0’), falling back to TB-based feedback can also be considered. This fallback solution can improve the decoding performance of UCI thanks to the reduction of the information bits. It can work well for single PDSCH case (i.e., without HARQ multiplexing), even though the PUCCH resources for both the TB-based and CBG-based feedback should be reserved. For multiple PDSCHs case (i.e., with HARQ multiplexing), in order to limit the possible number of UCI payload, TB-based feedback is only applicable when all the CBGs within each PDSCH are correctly decoded or not correctly decoded. In this way, only two PUCCH resources need to be reserved.
Proposal 9: Falling back to TB-based feedback is supported when all CBGs are correctly decoded or all CBGs are not correctly decoded.
5 Conclusions
In this contribution we discussed scheduling mechanisms for CBG-based re-transmission. According to the above discussions, we have the following observation and proposals:
Proposal 1: For CBG-based retransmission, CBGTI is not re-interpreted as NDI.

Proposal 2: A N-bit CBGTI is adopted for each TB 
· “1” represents the corresponding CBG is (re)transmitted, and “0” represents the corresponding CBG is not (re)transmitted.

· The status “all ones” of CBGTI represents (re)transmission of all CBG(s) and indicates multiple-bits HARQ-ACK feedback, i.e., CBG-level feedback.

· The status “all zeros” of CBGTI represents (re)transmission of all CBG(s) and indicates 1-bit HARQ-ACK feedback, i.e., TB-level feedback.

Proposal 3: The size of the bitmap for the CBGTI is configured by RRC signaling. Further consider:

· Option 1: A dedicated bitmap is adopted. 

· Option 2: A common field can be interpreted as the CBGTI (and even for the CBGFI) or other existing usage, e.g., MCS indication. 

· One explicit bit is added in the DCI for the above interpretation. 

· The common field should not be interpreted as the CBGTI or the CBGFI when the initial TB contains only one CBG or when all CBGs are retransmitted. 
Proposal 4: Flush the buffer if DCI scheduling (re)transmission before A/N is detected.

Proposal 5: 1-bit CBGFI is adopted for multiple CW case if configured.

Proposal 6: For multiple CW cases, the gNB configures the maximum number of CBGs per TB.

· Each TB configured with same maximum number of CBGs is preferred.

· Consider each TB configured with different maximum number of CBGs if clear benefits are identified.

Proposal 7: The number of CBG HARQ-ACK bits for a TB is determined as follows

· For the case with HARQ-ACK multiplexing, the number of CBG HARQ-ACK bits for a TB is equal to the configured maximum number of CBG(s). .
· For the case without HARQ-ACK multiplexing, the number of CBG HARQ-ACK bits for a TB is equal to the number of CBG(s) consisting of the TB.

Proposal 8: When CBG-based retransmission is configured, use all NACK of CBG-level HARQ-ACK bits to support TB-level NACK if TB CRC fails even though all CB CRCs pass. 
Proposal 9: Falling back to TB-based feedback is supported when all CBGs are correctly decoded or all CBGs are not correctly decoded.
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