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1 Introduction

During RAN1 #88bis, the following agreements were made in relation to CBG-based (re-)transmissions [1]:

· 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
· 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.

· 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 present our views on support of CBG-based transmissions and retransmissions including construction of CBGs from CBs, handling of different TBS values, alignment of CBGs to physical resources, and on possible impact to higher layers.  Our views on some of the details of HARQ-ACK feedback and scheduling considerations for CBG-based (re-)transmissions are discussed in our companion papers [2] and [3] respectively.
2 Grouping of CBs to CBGs
As quoted in Section 1, various options for the construction of CBGs based on grouping of CBs were listed for further consideration. 
2.1 Comparison between the three options

The first two identified options (Options 1 and 2) aim to define one or both of: (i) the number of CBGs corresponding to a TB, or (ii) the number of CBs in a CBG. Accordingly, the other component is scaled according to the TBS. Option 3 suggests fixing one or both of these two depending on the TBS or TBS ranges. 
For Option 1, as the number of CBGs is fixed, the number of CBs per CBG increases with TBS, and thus, keeping aside signaling overhead aspects, the performance gains in terms of the HARQ-ACK feedback granularity can be expected to reduce for large TBS values due to the effective “bundling” of A/Ns corresponding to a large number of CBs that constitute a CBG. In other words, the benefits from a finer granularity of HARQ-ACK feedback diminishes with large TBS.
In contrast, Option 2 can offer a consistent performance in terms of granularity of the HARQ-ACK feedback since the CBG size is fixed. However, as the TBS increases, the number of CBGs also increases. Impact of Option 2 can be substantial since container sizes (DCI, HARQ-ACK feedback) could become quite large unless controlled by some means. From a signaling perspective, the maximum number of CBGs that may be indicated during retransmissions should be limited to keep the overhead (and DCI size) in check. Thus, depending on the number of CBs in a CBG and the maximum number of CBGs that may be supported, for a certain large enough TB size, Option 2 eventually saturates w.r.t. the number of CBGs, and then onwards, Option 2 effectively converges to Option 1.
Option 3 aims to optimize the CBG size depending on the TBS to achieve a good trade-off between Options 1 and 2. However, there is not a significant room for performance gains from Option 2 over Option 1 when the TBS is relatively small as the number of CBs per CBG for Option 1 will anyway be small. On the other hand, as discussed above, when the TBS is large and assuming the same constraint in terms of maximum number of CBGs that may be indicated for TB, Option 2 effectively converges to Option 1.
There is another consideration for these options with respect to the HARQ-ACK feedback generation and transmission. For Option 1, since the number of CBGs is fixed, the HARQ-ACK payload may not vary with TBS for most cases. However, for Option 2, the number of CBGs may change depending on the TBS, thereby resulting in varying UCI (HARQ-ACK) payload, and potentially PUCCH format switching. In this regard, one exception for Option 1 regarding HARQ-ACK payload is the case when the number of CBs is smaller than the number of configured CBGs. This is discussed in the following sub-section. 
2.2 Configuring the maximum number of CBGs
This situation is of significance for Option 1. In this case, the configured number of CBGs cannot be maintained. In order to address this, a simple solution is to adapt Option 1 such that the UE is configured with the maximum number of CBGs. Accordingly, the gNB can indicate in the DCI scheduling the initial transmission itself as to how many CBGs are transmitted for the particular TB. 
While for most cases RRC-configured mapping of CBs-to-CBGs may be sufficient, thereby obviating the need to indicate the set of transmitted CBGs for initial transmission, the above is one scenario wherein it is beneficial to indicate the transmitted CBGs from the possible maximum number of CBGs. 
Another consideration comes from the fact that support of such indication for the initial transmission also allows the gNB to flexibly group the CBs to CBGs so as to be able to align the CBGs to the symbols to the maximum possible extent. While such alignment is not always possible, it has been well-acknowledged that even an approximate alignment of CBGs to symbols can be beneficial for various reasons, including: easier recovery from pre-empted transmissions using CBG-based retransmission mechanisms; benefits from CBG-based HARQ-ACK feedback can be better realized with such alignment considering potentially varying interference levels in different OFDM symbols. 
Thus, if the maximum number of CBGs ‘N’ is configured, and a length-N bitmap is used to indicate the CBGs transmitted for initial transmission, the case of small TBS transmission using low code rate transmissions can be addressed as well as flexibility can be realized at the gNB scheduler in determining the best CBG construction given a TBS. Note that such a mechanism can be expected to be necessary (and is in fact, proposed here) for scheduling of CBG-based retransmissions, and hence, the impact to DCI size would be the same for initial and retransmissions.
Finally, given a number of CBGs and total number of CBs to be transmitted, the exact factoring of CBs to CBGs can be determined following a predefined rule, e.g., such that the number of CBs across the used CBGs is as uniformly spread as possible. 

Proposal 1
· The maximum number of CBGs, N, is configured via UE-specific RRC signaling.
· A bitmap of length N in the DCI indicates the indices of the CBGs (re-)transmitted to the UE.

· Given a number of CBGs and CBs, the exact grouping of CBs to CBGs is determined implicitly based on predefined rules.

3 Impact on higher layers from CBG-based transmissions
The agreement from RAN1 #88bis: “Only allow CBG based (re)-transmission for the same TB of a HARQ process” implies that the CBGs from different HARQ processes may not be transmitted together. Accordingly, the MAC may consider the TB corresponding to a HARQ process number as delivered only when all the CBGs are acknowledged. Until then, the particular HPN may not be used to refer to CBGs of another TB.
Further, one option can be to introduce HPNs on a CBG-level. However, at this point it is not clear if this is necessary. Following the current RAN1 agreement, the resulting flexibility of separately addressing parts of the failed CBGs that need retransmissions may not be significant enough to warrant the additional overhear and impact to MAC.

In summary, we don’t expect any impact to MAC layer from the support of CBG-based (re-)transmissions.

Proposal 2
· Support of CBG-based (re-)transmissions should not impact the MAC procedures.

4 Conclusions

In this contribution, we shared our views on support of CBG-based transmissions and retransmissions including construction of CBGs from CBs, handling of different TBS values, alignment of CBGs to physical resources, and on possible impact to higher layers. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· The maximum number of CBGs, N, is configured via UE-specific RRC signaling.

· A bitmap of length N in the DCI indicates the indices of the CBGs (re-)transmitted to the UE.

· Given a number of CBGs and CBs, the exact grouping of CBs to CBGs is determined implicitly based on predefined rules.

Proposal 2
· Support of CBG-based (re-)transmissions should not impact the MAC procedures.
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