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Discussion
1      Introduction
In previous RAN1 meetings, following agreements have been achieved on CBG-based transmissions and pre-emption indication [1][2]:

Agreements in RAN1#88bis:
· Confirm the working assumption as below.

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB

· CBG granularity is configurable

Agreements in RAN1#88:

· Indication of URLLC transmission overlapping the resources scheduled for an eMBB UE in downlink can be dynamically signaled to the eMBB UE to facilitate demodulation and decoding

· FFS details
In this contribution, we discuss the CBG-based transmission with pre-emption indication for eMBB/URLLC multiplexing.
2      Discussion
In NR, multiple numerologies are supported. Maximum channel bandwidth per NR carrier is 400MHz in Rel-15. At least for single numerology case, candidates of the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15. A subframe duration is fixed to 1ms and frame length is 10ms. Scalable numerology allows at least from 15kHz to 480kHz subcarrier spacing [3]. NR will support larger TBS and more CBs segmented from one TB. Therefore, compared with TB-based transmission, CBG-based transmission is more efficient mechanism since 1 bit HARQ-ACK feedback per CBG can be used, especially for the following cases:
· eMBB use cases
More resources may be allocated to one UE in one single slot due to the large bandwidth and high data rate requirement. In case of high-frequency and/or high-speed UEs, fast time-varying channel and bursty interference may lead to inaccurate CQI measurement. The high probability of one or few CBs decoding failure will cause the waste of retransmission resources.
· eMBB/URLLC multiplexing for downlink
In Jan. Ad Hoc meeting, for DL eMBB/URLLC multiplexing, the agreement of supporting indication of time and/or frequency region of impacted eMBB resources to respective eMBB UE(s) has been achieved. The unpredictable pre-emption of eMBB downlink resources and bursty interference from URLLC transmission from neighboring cells will lead to UE decoding failure on CB(s).

For eMBB/URLLC multiplexing with CBG-based transmission, whether an explicit or implicit pre-emption indication is needed before subsequent transmission or NACK generated should be clarified. 
2.1     CBG-based transmission with explicit pre-emption indication

The explicit pre-emption indication can be carried in some specific fields in common or UE-specific PDCCH. As shown in Fig.1, UE may fail to decode a CBG which preempted by URLLC transmission. Before UE generates a NACK feedback of the CBG, a pre-emption indication has been received by UE. From then on, a receiving time window for subsequent transmission of preempting data is open. Within the time window, UE shall expect to receive the subsequent transmission of CBG pre-empted by URLLC transmission. If the subsequent transmission with the pre-empting data has not been received successfully within the time window, a NACK of the CBG will be fed back.
Proposal 1: For explicit pre-emption indication, within the time window, UE shall expect to receive the subsequent transmission of CBG pre-empted by URLLC transmission. If the subsequent transmission with the pre-empting data has not been received successfully within the time window, a NACK of the CBG will be fed back.
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Fig.1 Illustration of CBG-based transmission with explicit pre-emption indication
The DL and UL configuration can be changed more dynamically in NR. For short slot/mini-slot/self-contained subframe configurations, the short RTT may result in low probability of pre-empting data received within the time window, which makes the explicit pre-emption indication less efficient. In Jan. Ad Hoc meeting, the agreement of timing between DL data reception and corresponding acknowledgement is indicated by a field in the DCI from a set of values which is configured by higher layer has been achieved [4]. In case of flexible DL and UL subframe configuration and sporadic URLLC transmission, dynamic HARQ-timing configuration by DCI may enable a unified framework for eMBB only and eMBB/URLLC multiplexing.
For CBG-based transmission with explicit pre-emption indication, there can be three cases based on decoding results. As shown in Fig.2, the CBG-based transmission of case (a) and case (b) are clear and easy to be solved based on the above discussion. In case (c), if the subsequent transmission of pre-empting data cannot be received successfully within the time window, the NACK of both CBG A and CBG B will be fed back to gNB. However, when pre-empting data has been received successfully within the time window, UE should know which CBG, i.e. CBG A or CBG B, is re-transmitted. Therefore, the exact CBG in the TB should be informed to UE. The notification may be included either in the pre-emption indication or in the subsequent transmission of pre-empting data transmitted from gNB. 

Proposal 2: For explicit pre-emption indication, the exact CBG pre-empted by URLLC transmission should be informed to UE.
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Fig.2 Three cases of decoding failure for CBG-based transmission with explicit pre-emption indication
2.2     CBG-based transmission with implicit pre-emption indication

The transmission of the CBG pre-empted by URLLC transmission may be derived from the subsequent transmission implicitly, e.g. with different DCI format. UE can distinguish whether it’s the subsequent transmission of the previous CBG-based transmission pre-empted by URLLC transmission or a new CBG-based transmission by receiving the corresponding DCI. However, the implicit indication, e.g. introducing a new DCI format, may increase the complexity of blind detection on DCI. Compared with the explicit pre-emption indication, further study on implicit pre-emption indication is needed.
Proposal 3: CBG-based transmission with implicit pre-emption indication is FFS.
3      Conclusions
In this contribution, we discuss the CBG-based (re)-transmission with pre-emption indication. We have following proposals:  
Proposal 1: For explicit pre-emption indication, within the time window, UE shall expect to receive the subsequent transmission of CBG pre-empted by URLLC transmission. If the subsequent transmission with the pre-empting data has not been received successfully within the time window, a NACK of the CBG will be fed back.
Proposal 2: For explicit pre-emption indication, the exact CBG pre-empted by URLLC transmission should be informed to UE.
Proposal 3: CBG-based transmission with implicit pre-emption indication is FFS.
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