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1. Introduction
At the RAN1 NR Ad-Hoc#2, #3 and #90 meetings, following agreements and working assumption on CBG-based (re)-transmission were achieved [1] – [3].  This is an update of R1-1716106.
	Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block.
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 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
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



In this contribution, we present our views on downlink and uplink control signaling to enable CBG-based (re)transmission.
2. Downlink control information for CBG based (re)transmission
According to the agreements, network can choose either to use CBGTI only or both CBGTI and CBGFI for CBG-based (re)transmission; for example, if the network does not support the case of URLLC puncturing eMBB traffic, then for CBG-based transmission, it is sufficient that DCI only includes CBGTI; otherwise, both CBGTI and CBGFI are included in the DCI to inform UE which CBG(s) is/are (re)transmitted and whether the re-transmitted CBG(s) is/are handled differently for soft-buffer/HARQ combining. In addition, it was agreed that the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block. In the following, we discuss the remaining issues for the DL control signaling for CBG-based (re)transmission especially for the usage of NDI, relation between NDI and CBGTI, relation between NDI and CBGFI etc. Besides, the timing of the CBG-based (re)transmission and the differentiation between the TB-based and CBG-based transmission are also discussed.
2.1. Usage of New Data Indicator (NDI) 
There was a discussion on whether or not to use the absolute value or toggled value of NDI to indicate the new transmission for the given HARQ process. In case of LTE, UE identifies whether the transmission is new or re-transmission by whether the NDI is toggled. The benefit of using the toggled NDI is that even if the UE missed initial/previous scheduling DCI, the UE can identify the current re-transmission as new transmission by the ‘toggled’ NDI. Figure 1 gives an example. In other words, initial transmission and re-transmission can be different from the viewpoints of UE and eNB in LTE. For CBG based (re)transmission in NR, there also exists the case that UE miss-detects the DCI scheduling initial transmission but detects the DCI for (re)transmission. Therefore, it is preferred that the usage of NDI in NR should be maintained the same as in LTE that ‘toggled’ means new transmission and ‘non-toggled’ means retransmission.
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(a). Absolute value for NDI
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(b). Toggled NDI
Figure 1. Example for NDI usage

Proposal 1:
· NDI is toggled for new-transmission and not toggled for re-transmission for both TB-based and CBG-based (re)transmission in NR.
2.2. NDI and CBGTI
It was agreed that for single CW case, CBGTI using the form of bitmap in the DCI to inform UE which CBG(s) is (re)transmitted. There is a FFS point whether CBGTI is re-interpreted as NDI. In other word, whether separate 1-bit NDI field or joint field for NDI and CBGTI should be decided.
If joint field between ‘toggled’ NDI and CBGTI is adopted, then all ‘0’ or ‘1’ value of the bitmap-based CBGTI means the new transmission; otherwise, it is a re-transmission. Based on the indication value for each CBG, if it is not toggled compared to the last transmission, it means this CBG is re-transmitted; if it is toggled compared to the last transmission, it means this CBG is not re-transmitted. For example, higher layer configures the number of CBG(s) per TB is 4, hence the bit length of CBGTI is 4. A gNB schedules initial transmission of TB1 for a UE configured with CBG-based transmission using the CBGTI of ‘1111’. If the last CBG has an error after decoding, the UE feedbacks ‘AAAN’. Then the gNB re-transmits the last CBG for TB1 by using the CBGTI of ‘0001’. If the UE decodes correctly, UE feedbacks ‘AAAA’ to the gNB. Then the gNB can schedule a new transmission e.g. TB2 consisting of 4 CBGs for the UE by setting the CBGTI of ‘0000’. If the UE misses this scheduling information, the UE feedback nothing, then gNB re-schedules the TB2 using CBGTI of ‘0000’ that ‘non-toggled’ value from gNB point of view while ‘toggled’ value from UE point of view. 
Generally, above joint coded field between ‘toggled’ NDI and CBGTI works well. However, there are some cases that causes UE misunderstanding. For example, if the UE miss-detects the scheduling information of TB2 with setting the CBGTI as ‘1111’, and the CBG1 of the TB2 is punctured by other transmissions, and the gNB schedules a subsequent retransmission by setting the CBGTI as ‘0111’ before HARQ-ACK feedback from the UE, then the UE will misunderstand this subsequent retransmission is for TB1; since TB1 is already decoded successfully, UE will discard the subsequent re-transmission of CBG1 which actually belongs to TB2. Another example is UE miss-detects the scheduling information of TB2 with setting the CBGTI as ‘1111’, it feedbacks nothing but gNB miss detect the ‘DTX’ to ‘AANN’, then gNB re-schedules the TB2 with setting the CBGTI as ‘1100’, UE will misunderstand this retransmission is for TB1. Considering the separate NDI field is only one bit, the additional overhead for supporting separate fields for NDI and CBGTI is acceptable. Therefore, it is preferred that NDI is not re-interpreted as CBGTI, and separate 1-bit NDI field from the CBGTI should be introduced. 
Proposal 2:
· NDI and CBGTI are separate fields in the DCI.
· NDI is not re-interpreted as CBGTI.

2.3. NDI and CBGFI
The function of the NDI and CBGFI is different. NDI is used to indicate current transmission is the new transmission or re-transmission. When NDI indicates it is a re-transmission, then the CBGFI further informs the UE how to handle the soft buffer, i.e. whether to flush the soft buffer or to do the HARQ combining. Therefore, the NDI should also not be interpreted as CBGFI and vice versa. 
Proposal 3:
· NDI and CBGFI are separate fields in the DCI.
The decoding failure for some CBG(s) within the TB can be caused either by (1) uncorrelated errors within a TB e.g., high-speed UE movement, or by (2) part of a TB being pre-empted by another transmission, e.g. delay-sensitive traffic. For the former case, at the re-transmission timing, gNB already knows the error was not because of a puncturing; therefore, it is desirable to apply different RV for re-transmission and let UE to combine the received soft bits and stored soft bits in the soft buffer before decoding, so that the coding gain can be improved. For the latter case, at the re-transmission timing, gNB knows the error was because of a puncturing; therefore, it is desirable to apply the same RV for re-transmission, and let UE to discard the stored soft bits in the soft buffer for decoding. These two different UE behaviors can be informed by the CBGFI included in DCI. There are two options for the CBGFI field design:
Option 1: CBGFI is a separated one bit field.
Considering the probability of failed CBGs within one TB due to different reasons is low, and the gain by the flexibility would be marginal. Therefore, 1-bit CBGFI field for all the re-transmitted CBGs is reasonable and sufficient. This is also in line with agreed a single RV field which is common for all (re-)transmitted CBGs. By using one bit, for example, ‘CBGFI=0’ indicates the failure is caused by ‘puncturing’ and ‘CBGFI=1’ indicates the failure is due to ‘usual error’, correct UE behavior can be carried out to improve the decoding performance. 
Option 2: Re-use RV field. 
Option 2 is to re-use the RV field as CBGFI. In this case, the value of the RV field in the DCI for current transmission should be compared with that in the DCI for the latest transmission. Re-transmission with the same value of RV is useful for the case of puncturing and hence, if the UE receives a DCI scheduling CBG-based re-transmission with the same RV field as in the latest transmission, the UE shall flush the buffer; otherwise, UE understands the failed CBG(s) is caused by error, then UE shall combine the received soft bits and stored soft bits in the soft buffer before decoding. 
Proposal 4:
· Select one of the following two options for CBGFI.
· Opt. 1: Introduce separate one bit field in the scheduling DCI.
· Opt.2: Re-use RV field.
· Different UE behavior depending on whether the RV value is same or different from the latest value. 

2.4. Timing for the CBG-based (re)transmission and HARQ-ACK feedback
It is noted that current specification supports asynchronous HARQ operations for both DL and UL. Therefore, there is no need to specify the timing for CBG-based re-transmission. In fact, it is reasonable to assume that for re-transmitted CBG(s) caused by usual errors, gNB should re-schedule the CBG(s) after decoding the HARQ-ACK feedback; while for re-transmitted CBG(s) caused by pre-emption, gNB can re-schedule the subsequent transmission without waiting the HARQ-ACK feedback. 
For the subsequent transmission, the remaining issue is UE behaviour on whether to transmit or to suspend the HARQ-ACK for the previous transmission. This depends on the time gap between the timing for HARQ-ACK feedback corresponding to previous transmission and the timing for subsequent transmission, UE processing capability to successfully decode the DCI scheduling the re-transmission.
As agreed that the timing for HARQ-ACK feedback can be dynamically indicated in the scheduling DCI, it is easy to update/overwrite the HARQ-ACK timing as long as above time gap and UE processing capability is allowable. However, it may have impact on RAN2 in terms of HARQ RTT Timer and re-transmission Timer. Alternatively, regardless of processing UE capability, always enable HARQ-ACK feedback for every transmission i.e., previous and subsequent transmission can also be considered. 
Proposal 5:
· From RAN1 specification point of view, CBG-based (re)transmission should be able to be scheduled at any timing including before HARQ-ACK feedback for the CBG(s). 
· Define UE behavior the case where re-transmission is received before the UE transmits HARQ-ACK feedback.
· If the UE can adjust the HARQ-ACK feedback timing based on the DCI scheduling the subsequent re-transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent re-transmission on the timings/resources indicated by respective DCIs.
· Else, the UE shall suspend the HARQ-ACK feedback for previous transmission and transmit the HARQ-ACK after decoding the subsequent re-transmission based on the DCI indication.
2.5. Differentiate the TB-based and CBG-based (re)transmission
There was a discussion at the last meeting on whether to align the DCI payload size for TB-level (re)transmission and CBG-level retransmission to reduce the DL overhead and reduce UE blind decoding. As discussed above, for CBG-level retransmission, compared to TB-level transmission, at least additional CBGTI field needs to be introduced in the DCI. To support same DCI payload size for DCIs scheduling between TB-level (re)transmission and CBG-level retransmission for the same TB(s), some field(s) e.g. MCS for TB-level (re)transmission needs to be reinterpreted as CBGTI for CBG-level retransmission. In this case, CBG-level retransmission can only be performed after gNB confirms that the initial TB-level transmission is received at UE side. However, it is difficult to differentiate “DTX” and “NACK” at gNB side especially for HARQ-ACK multiplexing case and it is inevitable that miss-detection of DCI happens at the UE side. Besides, it is not possible to support subsequent re-transmission without waiting HARQ-ACK feedback for pre-emption case. Furthermore, if the DCI size maintains the same for TB-level and CBG-level transmission, to differentiate them, additional one flag bit is needed for both TB-level and CBG-level DCIs.  
Therefore, it is reasonable to define at least two DCI formats having different payloads: one is for full TB scheduling and the other is for CBG(s) scheduling. It is desirable to define these DCI formats separately and optimize the designs independently. 
When the UE is configured with CBG-based (re)transmission, the UE shall monitor at least the DCI format for CBG(s) scheduling. However, as discussed above, the DCI format for CBG(s) scheduling includes additional field(s). Furthermore, when the UE is scheduled by a DCI format for CBG(s) scheduling, the UE generates HARQ-ACK bit per CBG, which results in HARQ-ACK feedback overhead increase. Semi-statically increasing DL and UL control signaling overhead is not desirable to ensure the reliability/coverage of control channels. Therefore, it should be possible to adapt DL and UL control signaling overhead in dynamic manner. This can be realized by letting the UE to monitor the two DCI formats. Monitoring at least two DCI formats is not unrealistic and can be realized by, e.g., mapping the two DCI formats/payloads in different CORESETs to reduce the blind decoding efforts.
Proposal 6:
· When a UE is configured with CBG-based (re)transmission, the UE shall monitor two DCI formats.
· One DCI format schedules a whole TB and requests TB-level HARQ-ACK feedback.
· Another DCI format schedules CBG(s) of a given TB and requests CBG-level HARQ-ACK feedback.
· Depending on which DCI format UE detects, UE behavior is determined.
 
3. Uplink control information for CBG based (re)transmission
3.1. CBG-based HARQ-ACK feedback
CBG-based (re)transmission can improve the resource usage efficiency by only re-transmitting a subset of TB, i.e., failed CBG(s), instead of retransmitting the whole TB. To support this, multi-bit HARQ-ACK feedback is needed for uplink to indicate which CBGs within a TB have not been received correctly. It is expected that the number of re-scheduled CBGs will decrease with the number of re-transmission. For the re-transmission of CBGs, the scheduling DCI should tell the UE about re-transmitted CBG(s) information. This information ensures the common understanding of which CBG(s) is/are re-transmitted. For HARQ-ACK feedback for DL scheduled CBG(s), it is necessary to design the robust CBG-based HARQ-ACK codebook size determination in order to avoid the misunderstanding between UE and gNB. 
According to the agreements made in the previous meeting, for the semi-static codebook with HARQ-ACK multiplexing, HARQ-ACK codebook for single CW case with CBG based retransmission includes HARQ-ACK corresponding to all the CBGs including the non-scheduled CBG(s). For CBG(s) not actually scheduled for the current re-transmission but already received for the previous (re-)transmission, the UE set the bit state as “ACK” or “NACK” based on the decoding results of the CBG(s) at the previous decoding results. This alternative is robust and ensures no miss understanding occur between UE and gNB. One remaining issue is how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs. Two options can be considered:
· Option 1. Use all NACK of CBG-level HARQ-ACK bits
· Option 2. Use different PUCCH format or PUCCH resource
Compared to Option 1, Option 2 requires two PUCCH resources allocated to one UE which results in PUCCH resource usage inefficiency.  In addition, blind decoding is required at gNB side. Therefore, Option 1 is preferred. 

Proposal 7:
· For semi-static HARQ-ACK codebook size with CBG-based transmission, 
· if TB CRC check is not passed while CB CRC check is passed for all the CBs, UE should set all HARQ-ACK feedback corresponding to all CBG(s) as NACK.
In LTE Rel.13 eCA, the TB-level HARQ-ACK supports both dynamic and semi-static codebook size (CBS). For dynamic HARQ-ACK CBS, the dynamic level for FDD only takes frequency domain into account; for TDD, the dynamic levels consider both time domain and frequency domain. Counter DAI and total DAI is required in the DL assignment to ensure the common understanding between eNB and UE in LTE.  For NR, it is desirable to also support dynamic HARQ-ACK CBS in addition to the CBG-level semi-static HARQ-ACK CBS, if the complexity and efforts for handling additional dynamic level from code-block domain on top of the time and frequency domain are acceptable. 
4. CBG-based (re)transmission for multiple CWs
In the last meeting, there was a discussion on the support of CBG-based (re)transmission for multiple CWs. To reduce the DL and UL control overhead, it is beneficial to study that the configured number of CBG(s) can be dynamically shared for multiple CWs based on the TBS size of each CW. However, additional efforts are needed to specify such sharing mechanism. Considering the limited time, it is preferred to support the semi-static split of the configured number of CBG(s) for multiple CWs or the number of CBGs for the multiple CWs can be configured separately by RRC in NR phase I.  
[bookmark: _GoBack]Proposal 8:
· For CBG-based (re)transmission with multiple CWs, simple extension from the case of single CW is preferred in NR phase I.
· Semi-static split of the configured number of CBG(s) for multiple CWs, or;
· The number of CBGs for the multiple CWs can be configured separately by RRC.
5. Conclusion
In this contribution, the downlink and uplink signalling for CBG-based (re)transmission are discussed and following proposals were made.
Proposal 1:
· NDI is toggled for new-transmission and not toggled for re-transmission for both TB-based and CBG-based (re)transmission in NR.
Proposal 2:
· NDI and CBGTI are separate fields in the DCI.
· NDI is not re-interpreted as CBGTI.
Proposal 3:
· NDI and CBGFI are separate fields in the DCI.
Proposal 4:
· Select one of the following two options for CBGFI.
· Opt. 1: Introduce separate one bit field in the scheduling DCI.
· Opt.2: Re-use RV field.
· Different UE behavior depending on whether the RV value is same or different from the latest value. 
Proposal 5:
· From RAN1 specification point of view, CBG-based (re)transmission should be able to be scheduled at any timing including before HARQ-ACK feedback for the CBG(s). 
· Define UE behavior the case where re-transmission is received before the UE transmits HARQ-ACK feedback.
· If the UE can adjust the HARQ-ACK feedback timing based on the DCI scheduling the subsequent re-transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent re-transmission on the timings/resources indicated by respective DCIs.
· Else, the UE shall suspend the HARQ-ACK feedback for previous transmission and transmit the HARQ-ACK after decoding the subsequent re-transmission based on the DCI indication.
Proposal 6:
· When a UE is configured with CBG-based (re)transmission, the UE shall monitor two DCI formats.
· One DCI format schedules a whole TB and requests TB-level HARQ-ACK feedback.
· Another DCI format schedules CBG(s) of a given TB and requests CBG-level HARQ-ACK feedback.
· Depending on which DCI format UE detects, UE behavior is determined.
Proposal 7:
· For semi-static HARQ-ACK codebook size with CBG-based transmission, 
· if TB CRC check is not passed while CB CRC check is passed for all the CBs, UE should set all HARQ-ACK feedback corresponding to all CBG(s) as NACK.
Proposal 8:
· For CBG-based (re)transmission with multiple CWs, simple extension from the case of single CW is preferred in NR phase I.
· Semi-static split of the configured number of CBG(s) for multiple CWs, or;
· The number of CBGs for the multiple CWs can be configured separately by RRC.
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