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1 Introduction
In 3GPP RAN1#88bis meeting, the following agreements were made on CBG based (re)transmission [1]:
Agreements:
· 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:
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.
In 3GPP RAN1#89 meeting, the following agreements were made on CBG based (re)transmission [2]:
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 will discuss the DL control signaling for CBG based (re)transmission.
2 DL control signaling for CBG-based (re)transmission
According to the agreement in the RAN1-89 meeting, for DL CBG-based (re)transmission, following information can be configured to be included in the same DCI:
· Information #1: Which CBG(s) is/are (re)transmitted.

· Information #2: Which CBG(s) is/are handled differently for soft-buffer/HARQ combining
According to the agreement in RAN1-88bis meeting, CBG-based retransmission is configured semi-statically. But what is the meaning of CBG based retransmission? It means that after the first time transmission of a TB, a part of the TB can be (re)transmitted in the non-first time transmission. So CBG-based (re)transmission just means all CBs in a TB are grouped into a number of CBGs and only a subset of these CBGs can be (re)transmitted in the non-first time according to the CBG-based HARQ ACK feedback. Based on the first time transmission of a TB, in the non-first time (re)transmission it is worth indicating Information#1 and Information#2 since the reference index of each CBG can be implicitly indicated to the UE at the first time transmission. While for the TB with the first time transmission of a HARQ process, it is unnecessary to explicitly indicate Information#1 and Information#2.

In addition to Information#1 and Information#2, preemption indication can be configured to tell the UE(s) which DL physical resources have been preempted if there is URLLC service. This information is configured and sent separately from Information#1 and Information#2. Based on the preemption indication, UE can know which CBG(s) are impacted by preempted resource and such CBG(s) is/are handled differently for soft-buffer/HARQ combining. Preemption indication and HARQ ACK/NACK information at UE side can provide similar information as Information#1 and Information#2 to the UE. 
Considering some possible use cases, three DCI content types may be needed for different cases of CBG-based (re)transmission.
· DCI content #1: DCI content without Information#1 and without Information#2. The use cases are listed below:
· Case 1: without URLLC, it can be used for all TB with CBG-based (re)transmission under the assumption that gNB can receive the HARQ ACK feedback from the UE correctly.

· Case 2: with URLLC, it can be used for the first time transmission of a TB of a HARQ process number.
· Case 3: with URLLC, it can be used for the non-first time transmission of a TB of a HARQ process number under the assumption that gNB can receive the HARQ ACK feedback from the UE correctly and UE can receive the pre-emption indication from the gNB correctly.

· DCI content #2: DCI content with Information#1 and without Information#2. In addition to the use cases 1-3, the use cases of DCI content #2 also includes below cases:

· Case 4: without URLLC, it can be used for the non-first time transmission of a TB of a HARQ process number under the assumption that gNB may not receive the HARQ ACK feedback from the UE correctly.

· Case 5: with URLLC and with pre-emption indication, it can be used for the non-first time transmission of a TB of a HARQ process number under the assumption that gNB may not receive the HARQ ACK feedback from the UE correctly.
· DCI content #3: DCI content with Information#1 and with Information#2. In addition to the use cases 1-5, the use cases of DCI content #3 also includes below cases:
· Case 6: with URLLC and without pre-emption indication, it can be used for the non-first time transmission of a TB of a HARQ process number.

· Case 7: with URLLC and with pre-emption indication, it can be used for the non-first time transmission of a TB of a HARQ process number under the assumption that the UE may not receive the preemption indication correctly.
We should note that here maybe some use cases are not listed above. But it can be seen obviously that DCI content #1 can support the least use cases with the lowest DCI signaling overhead. While DCI content #3 can support all use cases with the highest DCI signaling overhead. DCI content #2 is a tradeoff between them. Considering the DCI size and blind detection attempts at UE side, in order to support all use cases, there are following four alternatives on DCI format design for DCI content # N and DCI content # (N+1), N=1 or 2.
· Alt.1: same DCI format with same DCI size for DCI content # N and DCI content # (N+1).

· Alt.2: same DCI format with different DCI size for DCI content # N and DCI content # (N+1).

· Alt.3: different DCI format with same DCI size for DCI content # N and DCI content # (N+1).

· Alt.4: different DCI format with different DCI size for DCI content # N and DCI content # (N+1).

For Alt.1, if N=1, it means that there is no DCI content #1 and only DCI content #2 is used regardless of the transmission time of the TB and whether URLLC service presents or not. For example, when CBG based (re)transmission is semi-statically configured, only DCI content #2 is needed to be detected at UE side. With this method, blind detection complexity is low at UE side, but DCI signaling overhead is high.

For Alt.2, it means that Infomation#1 and Information#2 can be indicated by an IE like CIF, which can be semi-statically configured to be present or not in a DCI format. For example, when Information#1 or Information#2 is configured to be present, only the DCI format with long size is needed to be detected at UE side. With this method, blind detection complexity is low at UE side. But so far, it is difficult to decide Information#1 and Information#2 can be configured semi-statically or not. If pre-emption indication is configured, it is possible that Information#1 and Information#2 are not configured. But it is not decided that pre-emption indication is configured semi-statically or dynamically. Thus further discussion is needed to make sure Alt.2 is workable or not.

Observation 1: Alt. 2 is workable only when Information#1 and Information#2 should be configured semi-statically.
For Alt.3, if N=1, it means that some IEs in DCI content #1 will be reused to indicate Information#1, such as MCS, New data indicator, Redundancy version. It is better if these IEs have sufficient reserved bits, else it will not be workable. Since the number of bits for indicating Information#1 and Information#2 depends on the number of CBGs in a TB for the first time transmission, it may be difficult in the case of a large number of CBGs.
Observation 2: Alt. 3 is not workable in the case of a large number of CBGs in a TB.
For Alt.4, these two DCI content are independent. They can be configured to be used semi-statically or dynamically. If it is dynamic, the blind detection complexity at UE side will be high. But the DCI control signaling overhead is low.
Proposal 1: Alt.1 and Alt. 4 should be discussed firstly considering the DCI signaling overhead and blind detection complexity at UE side.
3 Conclusions
In this contribution, we presented the discussion on DL control signaling design for the CBG-based (re)transmission. Based on our analysis, we have the following observations and proposals:
Observation 1: Alt. 2 is workable only when Information#1 and Information#2 should be configured semi-statically.

Observation 2: Alt. 3 is not workable in the case of a large number of CBGs in a TB.
Proposal 1: Alt.1 and Alt. 4 should be discussed firstly considering the DCI signaling overhead and blind detection complexity at UE side.
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