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1 Introduction
In 3GPP RAN1#88bis meeting, the following agreements were made on HARQ-ACK feedback [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.

Agreements:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured 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 configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded
In this contribution, we will discuss the CB-Group construction and CB-Group based retransmission.
2 CB-Group construction
As agreed in the previous meeting, CBG-based HARQ-ACK feedback is supported and three options are considered for CBG construction. Since each CBG needs one-bit HARQ-ACK feedback, it is straightforward to configure the number of CBGs in each TB. With this configuration, the number of HARQ-ACK bits of each TB is known to the UE. While with Option 3, the number of CBGs and/or the number of CBs per CBG are defined according to TBS. It means that the number of CBGs is defined dynamically according to the TBS in each scheduling unit. In this case, the bit number of HARQ ACK/NACK is changed for each TB. The blind detection complexity of UCI is consequently largely increased at gNB side. So in our opinion, it is better that the number of CBGs in each TB should be configured semi-statically. Thus, Option 1 is the best one.
Proposal 1: Option 1 is preferred for grouping CB(s) into CBG(s).
It is possible that only some CBGs in a TB need to be retransmitted. Thus, in addition to the HARQ process number of each TB, the index of each CBG inside the TB should be configured. For example, A TB consisting 3 CBGs with HARQ processing number #1 is transmitted wherein only the HARQ feedback of the CBG with index #0 is NACK. When retransmission, a TB with HARQ process number #1 is sent and a bit string ‘100’ should be included in DCI signaling. Here the bit string ‘100’ means the CBG with index #0 is included whereas CBGs with index #1 and #2 are not included. With this information, UE can know which buffered CBG needs to be combined with the retransmitted CBG.

Proposal 2: The index of the failed CBG inside the TB should be indicated to the UE for HARQ retransmission.
3 Transmission of retransmitted TB
Normally, the length of each TTI for a given traffic type should be a semi-statical value. For example, for eMBB, the TTI can be a slot with 7 symbols (Fig.1). Each eMBB traffic should be allocated a large bandwidth. While for retransmission, if there is only a small part of a TB needs to be retransmitted, how to allocate the time/ frequency resource to the retransmitted TB should be considered. Intuitively, there are following two methods.

[image: image1.jpg]RBs

Failed CBG

DL
control
inform
ation

CBO

CB1

CB4

CB5

Y
1TTI =7 symbols




Fig.1, Initial transmission

Method 1: using short TTI, for example, mini-slot with 2 symbols.
Method 2: using same TTI, but allocate narrow bandwidth.

For method 1, short latency can be achieved. However, the disadvantage is that the TTI length should be indicated dynamically in the DCI signaling. If the remaining resource can be used for transmission of another TB for the same UE or a different UE, the timing to send the DCI for TB#2 could be various, as shown in Fig. 2.  The DCI for TB#2 can be sent in the same symbol as that of TB#1. Alternitively, the DCI for TB#2 can be sent in the symbol after TB#1. For the former case, the starting time of the TTI and the TTI length should be included in the DCI for TB#2. While for the latter case, in addition to the increasing of the same signaling overhead as the former case, it would also increase the UE monitoring frequency for DCI signaling, which would cause high power consumption. 　
For method 2, although the latency would be increased compared to method 1, the advantage is that the DCI for TB#2 can be sent in the same symbol as that of TB#1. It would not introduce additional DCI monitoring overhead to UE. And it is unnecessary to indicate the PDSCH duration in the DCI signaling.
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Fig. 2, Using short TTI for retransmission
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Fig.3, Using same TTI for retransmission
Thus, whether same or short TTI length is used for CBG based retransmission should be discussed considering  DCI signlaing overhead, data transmission latency and UE power consumption.

Proposal 3: It is better to consider DCI signaling overhead, data transmission latency and UE power consumption when to decide whether the same or the short TTI length is used for CBG based retransmission.
4 Conclusions
In this contribution, we presented the discussion on the CBG construction and CB-Group based retransmission. Based on our analysis, we have the following proposals:
Proposal 1: Option 1 is preferred for grouping CB(s) into CBG(s).
Proposal 2: The index of the failed CBG inside the TB should be indicated to the UE for HARQ retransmission.
Proposal 3: It is better to consider DCI signaling overhead, data transmission latency and UE power consumption when to decide whether the same or the short TTI length is used for CBG based retransmission.
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