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1      Introduction
In RAN1#89 meeting, following agreements were achieved on CBG-based transmissions and pre-emption indication [1]:
· 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

· 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 discuss the downlink signalling for CBG-based (re)transmission.
2      Discussion

In RAN2#98 meeting, an agreement that RAN2 aims to keep Multi-bit HARQ feedback and CBG-based retransmission transparent to the MAC for one TB was achieved [2].
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Fig.1 Comparison of TB-based transmission and CBG-based transmission
As shown in Fig.1, we compare TB-based (re)transmission with single-bits HARQ-ACK feedback and CBG-based (re)transmission with multi-bits HARQ-ACK feedback. For CBG-based (re)transmission, CBGs ACKed by multi-bits HARQ-ACK feedback (i.e. CBG1, CBG3, and CBG4) will be discarded before rate matching. Since the MAC layer carries out link adaptation and resource allocation of the retransmission without knowledge of CBG construction from the PHY layer, the resource efficiency can be degraded, especially in case of large TBS preempted by URLLC. Thus, the DL signalling design for CBG-based (re)transmission should take the MAC layer transparent mechanism into account.

Observation: The control signalling design for CBG-based (re)transmission should take the MAC layer transparent mechanism into account.
2.1     Control signalling
For grouping CB(s) into CBG(s), with the indicated number of CBGs, the number of CBs in a CBG changes according to TBS. The number of CBGs can be indicated by RRC or L1 signalling. RRC signalling has relatively high reliability with long periodicity. For eMBB multiplexing with URLLC, the scheduler in the MAC layer performing resource allocation are not aware of CBGs. The CBGs may not aligned with the resource preempted by URLLC. L1 signalling can enable dynamic and flexible CBG configurations. As for the design of PDCCH, the L1 signalling overhead should be minimized. To avoid high complexity of UE blind decoding on PDCCH, the number of DCI formats should be minimized as well. However, considering CBG-based retransmission is transparent to the MAC layer, the achievable performance gain of L1 signalling is marginal. From our perspective, RRC signalling is the baseline to indicate the number of CBGs. And the benefit of L1 signalling to indicate the number of CBGs is FFS. 
Proposal 1: At least RRC signalling should be used to indicate the number of CBGs. The benefit of using L1 signalling is FFS.
2.2     preemption indication
The preemption indication can be used to increase the likelihood of successful demodulation and decoding of the transport block based on the pre-empted transmission and/or subsequent (re)-transmissions of the same TB [3]. As agreed, the preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission. Then, there are following options.
· Option 1: The preemption indication is delivered in the next retransmission
· Option 2: The preemption indication is included in the group common PDCCH before HARQ-ACK feedback
· Option 3: The preemption indication is included in the UE-specific PDCCH before HARQ-ACK feedback
The advantage of option 1 is no more additional signalling is needed before the retransmissions. The preemption indication is transmitted to indicate UE whether to flush the soft buffer or not. In this case, the preemption indication based on CBG-level granularity is a better choice to minimize signalling overhead. However, it may cause some unnecessary decoding, useless HARQ NACK feedback and retransmissions.
Proposal 2: If the preemption indication is delivered in the next retransmission, CBG -level granularity should be used.
In Option 2, the preemption indication can be detected by the user before HARQ-ACK feedback. There are several benefits to receive preemption indication before HARQ-ACK feedback. The handling of data preempted by URLLC can be classified in two ways, i.e. puncturing or rate-matching. In case that the preemption occurs after the transmission, the data puncturing is used since there is no chance for rate-matching and re-shape the resource mapping. In case that the preemption occurs before transmission, the rate matching around the preempted resources may be possible. In the latter, when the TB is decoded successfully, an ACK for the TB can be sent to the gNB, which means the retransmission for the TB (from MAC layer perspective) is not necessary any more. In this sense, lots of retransmission may be avoided. The preempted resources can be indicated in a group-common PDCCH with fine granularity, e.g. symbol level. In addition, 1-bit in the group-common PDCCH can be used to indicate whether puncturing or rate-matching is assumed for transmission.
Proposal 3: The preempted resources can be indicated in a group-common PDCCH with fine granularity, e.g. symbol level. In addition, 1-bit in the group-common PDCCH can be used to indicate whether puncturing or rate-matching is assumed for transmission.
Optional 3 is similar with option 2. The preemption indication can be detected by the user before HARQ-ACK feedback. The difference is that the preemption indication is included in the UE-specific PDCCH and each victim UE preempted by URLLC requires one PDCCH. Considering the overhead, CBG-level granularity for preemption is more suitable for this option.
Proposal 4: The preempted resources can be indicated in UE-specific PDCCH with CBG-level granularity.
3      Conclusions
In this contribution, we discuss the downlink signalling for CBG-based (re)-transmission with pre-emption indication. We have following observation and proposals:  
Observation: The control signalling design for CBG-based (re)transmission should take the MAC layer transparent mechanism into account.
Proposal 1: At least RRC signalling should be used to indicate the number of CBGs. The benefit of using L1 signalling is FFS.
Proposal 2: If the preemption indication is delivered in the next retransmission, CBG -level granularity should be used.
Proposal 3: The preempted resources can be indicated in a group-common PDCCH with fine granularity, e.g. symbol level. In addition, 1-bit in the group-common PDCCH can be used to indicate whether puncturing or rate-matching is assumed for transmission.
Proposal 4: The preempted resources can be indicated in UE-specific PDCCH with CBG-level granularity.
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