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1. Introduction
At the RAN1 #89 meeting, following agreements on CBG-based (re)-transmission were achieved [1].  
	Agreements:
· For grouping CB(s) into CBG(s), following is adopted.
· With indicated number of CBGs, the number of CBs in a CBG changes according to TBS.
· FFS for the case of re-transmission or the case when the number of CBs is smaller than the indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling
Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.
· The difference of CB number per CBG between any two CBGs is either 0 or 1.
· FFS on the detailed rule for the CB grouping.
· Study further benefit and realization of non-uniform CB distribution across CBGs.

Agreements:
· 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 
Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.



In this contribution, we present our views on downlink control signalling to enable CBG-based (re)transmission. CBG construction and uplink control signalling for CBG-based (re)transmission are discussed in our companion contributions [2] - [3].
2. Downlink control information for CBG based (re)transmission
LTE supports only TB-based (re)transmission. One attractive point of NR system is it supports CBG-based (re)transmission. It improves the resource usage efficiency by enabling only re-transmitting a subset of TB, i.e., failed CBG(s), instead of retransmitting the whole TB. Based on the agreements made at the last RAN1 meeting, information on which CBG(s) is/are (re)transmitted and which CBG(s) is/are handled differently for soft-buffer/HARQ combining can be configured to be included in the same DCI. In the following, we discuss the remaining issues for the DL control information including signalling details to inform the UE on how to handle the soft-buffer/HARQ combining for the re-transmitted CBG(s), the timing of the CBG-based (re)transmission and the differentiation between the TB-based and CBG-based transmission.
2.1. Indication of transmitted CBG(s) and HARQ combining 
For initial transmission, once the TBS is determined, the number of CB(s) is fixed. Then, the CB(s) is/are grouped into CBG(s). As we discussed in [2], we consider that the (maximum) number of CBG(s) should be configured by RRC signaling (i.e., not indicated by MAC/L1 signalling), and then the CB(s) is/are grouped into the CBG(s). For CBG-based (re)transmission, it is straightforward to use the bitmap to inform UE which CBG(s) is (re)transmitted. 
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 already 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 DCI scheduling CBG-based (re)transmission with one of the following options:
Option 1: Introduce one bit field in the DCI to indicate the reason.
By using one bit, for example, ‘0’ indicates the failure is caused by ‘puncturing’ and ‘1’ indicates the failure is due to ‘usual error’, correct UE behavior can be carried out to improve the decoding performance. Increasing the number of bits in the field improves the flexibility. For example, one bit field per CBG allows to inform the UE behavior per CBG basis; therefore, “punctured” CBG and “not punctured but errored” CBG can be re-scheduled together. In this case, independent RV field per CBG is preferable. However, the probability of CBGs within one TB are failed by different reasons is low, and the gain by the flexibility would be marginal. Therefore, one bit filed per DCI for all the re-transmitted CBGs is reasonable and sufficient. RV field should be common for all re-transmitted CBGs. 
Option 2: Re-use RV field. 
Option 2 is to compare the value of the RV field in the DCI for the current transmission with that in the DCI for the previous 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 previous transmission, the UE shall flush the buffer; otherwise, UE understands the failed CBG(s) is caused by error, UE shall combine the received soft bits and stored soft bits in the soft buffer before decoding. Same as option 1, to reduce the overhead, one RV field across CBGs could be sufficient.
Proposal 1:
· The indication of the number of CBG(s) should be realized by RRC signalling. 
· I.e., the (maximum) number of CBG(s) is configured by higher-layer, and is not indicated by MAC/L1 signalling.
· Bitmap in the scheduling DCI can be used to indicate which CBG(s) is/are (re)-transmitted.
· Two UE behaviors are defined for receiving CBG-based re-transmission.
· As in LTE, combine the stored soft bits and the received soft bits before decoding.
· Flush the stored soft bits and the received soft bits only are used for decoding.
· In order to tell the UE about the decoding behavior, following two options should be investigated.
· Opt. 1: Introduce 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 previous value. 
2.2. 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. However, 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; for re-transmitted CBG(s) caused by pre-emption, gNB can re-schedule the subsequent transmission as soon as possible without waiting the HARQ-ACK feedback. 
For the subsequent transmission, the remaining issue is UE behavior on whether to transmit or to suspend the HARQ-ACK for the previous transmission which depends on the time gap between the HARQ-ACK feedback timing for 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. 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 2:
· It is not necessary to specify the timing for CBG-based (re)transmission. 
· UE behavior on HARQ-ACK feedback for the previous transmission and subsequent transmission need to be defined.
·  If the time allowed for UE to adjust the HARQ-ACK feedback timing based on DCI scheduling the subsequent transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent transmission on the timings/resources indicated by respective DCIs.
· Else, it is possible for UE to suspend the HARQ-ACK for previous transmission and transmit the HARQ-ACK after decoding the subsequent transmission based on the DCI indication.
2.3. Differentiate the TB-based and CBG-based (re)transmission
At the last RAN1 meeting, there is a discussion on whether the CBG-based transmission can be initial transmission. In case of LTE, UE identifies whether the transmission is new or re-transmission by whether the NDI is toggled. This implies that, even if the UE missed initial scheduling DCI, the UE will identify the actual re-transmission as new transmission by the ‘toggled’ NDI. In other words, initial transmission and re-transmission can be different from UE and eNB perspective in LTE. For CBG based (re)transmission in NR, there also exists the case that UE miss-detects the DCI scheduling initial full TB transmission but detects the DCI for CBG-based (re)transmission which is partial TB of the initial transmission.  
In order for the UE to decode the re-transmitted CBG(s) correctly, for the DCI scheduling CBG(s), in addition to the fields of which CBG(s) is/are scheduled and the indication of HARQ combining as discussed in section 2.1, other necessary fields are: (1) fields for identifying TBS, and (2) physical resources that the DCI schedules etc. NDI field can be shared between the DCI scheduling full TB and the DCI scheduling CBG(s). In other words, the DCI scherduling CBG(s) has larger overhead compared to the DCI scheduling a TB.
Having said this, it is reasonable to define at least two DCI formats having different payloads: one for full TB scheduling and the other for CBG(s) scheduling. Keeping the same DCI payload between the DCI format for full TB scheduling and for CBG(s) scheduling could suppress the increase of PDCCH blind decoding burden; however, it requires to re-interpret some fields depending on whether the DCI is detected as for full TB scheduling or for CBG(s) scheduling, and requires to include at least one bit flag to differentiate the DCI format. 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.
Proposal 3:
· UE monitors two DCI formats.
· One DCI format schedules full TB and request TB-level HARQ-ACK feedback.
· Another DCI format schedules CBG(s) of a given TB and request CBG-level HARQ-ACK feedback.
· Depending on which DCI format the UE detects, the UE behavior is determined.
 
3. Conclusion
In this contribution, the three mechanisms that CBG-based (re)-transmission, pre-emption indication and subsequent transmission are discussed and following proposals were made.
Proposal 1:
· The indication of the number of CBG(s) should be realized by RRC signalling. 
· Bitmap can be used to indicate which CBG(s) is/are (re)-transmitted.
· Two UE behaviors are defined for receiving CBG-based re-transmission.
· As in LTE, combine the stored soft bits and the received soft bits before decoding.
· Flush the stored soft bits and the received soft bits only are used for decoding.
· In order to tell the UE about the decoding behavior, following two options should be investigated.
· Opt. 1: Introduce 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 previous value. 
Proposal 2:
· It is not necessary to specify the timing for CBG-based (re)transmission. 
· UE behavior on HARQ-ACK feedback for the previous transmission and subsequent transmission need to be defined.
·  If the time allowed for UE to adjust the HARQ-ACK feedback timing based on DCI scheduling the subsequent transmission is not enough, UE shall transmit HARQ-ACK for both previous transmission and subsequent transmission on the timings/resources indicated by respective DCIs.
· Else, it is possible for UE to suspend the HARQ-ACK for previous transmission and transmit the HARQ-ACK after decoding the subsequent transmission based on the DCI indication.
Proposal 3:
· UE monitors two DCI formats.
· One DCI format schedules full TB and request TB-level HARQ-ACK feedback.
· Another DCI format schedules CBG(s) of a given TB and request CBG-level HARQ-ACK feedback.
· Depending on which DCI format the UE detects, the UE behavior is determined.
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