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1 Introduction

In the previous meetings, the following agreements on CBG were reached [1]. 
	Agreements:

· In single CW configuration, the maximum configurable number of CBGs per TB is 8

· The possible max number of CBGs per TB is 2, 4, 6, 8

· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 
Agreements:

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used,
· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs
· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs
Agreements:

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing
· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing
· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback



In this contribution, we present several change requests related to CBG in the form of ‘Text Proposals’, based on the latest specifications [2][3].
2 Discussion 

2.1 Problem 1 - Analysis
In the RAN1#90b meeting, it was agreed that when a UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing. It was still FFS whether this operation is applied even for the case with HARQ-ACK multiplexing.
One of the purposes of the fallback DCI is to handle periods of uncertainty during RRC reconfiguration and another purpose is for the application in coverage limited scenarios. To keep the size of the fallback DCI small, some fields are suggested to be removed, e.g. no support for spatial multiplexing is given and also resource allocation type 0 is not supported. Some of the existing fields may also be reduced, e.g. the resource allocation field could be made smaller at the cost some restrictions in the bandwidths which are possible to schedule.

We think the fallback DCI should be supported, because of its special purposes, also for the case of HARQ-ACK multiplexing. Two questions still remain open in this context: 

Question 1: How to generate TB-level HARQ-ACK? For the case without HARQ-ACK multiplexing, the easiest way is to generate 1 bit HARQ-ACK for this TB being scheduled by the fallback DCI.

Question 2: Can HARQ-ACK be generated in the same way for HARQ-ACK multiplexing as for the case without multiplexing? If yes, then since the TB-level HARQ-ACK and the CBG-level HARQ-ACK will be mixed in one CC, it needs to be further considered how the size of the codebook is determined. If no, a new TB level HARQ-ACK generation scheme needs to be considered for the case with HARQ-ACK multiplexing.

To summarize, when the CBG based transmission is configured and the PDSCH is scheduled by fallback DCI, the HARQ-ACK feedback should be discussed separately for the cases with and without HARQ-ACK multiplexing. 

For the already agreed case without HARQ-ACK multiplexing, the UE generates 1 bit HARQ-ACK for one TB scheduled by the fallback DCI.

In the case with HARQ-ACK multiplexing, the UE generates 1 bit HARQ-ACK for one TB scheduled by the fallback DCI, then we propose that the UE repeats this 1 bit HARQ-ACK until the number of bits is equal to the number of bits being used for the CBG level HARQ-ACK. In this way, the codebook size can always be understood in the same way by the gNB and UE, regardless if one DCI was missed by the UE or not. Repeating 1 bit can also increase the reliability of HARQ-ACK. The detailed method is described in [4].

Proposal 1: When UE is configured with CBG based retransmission, then for the case of HARQ-ACK multiplexing, fallback DCI can be used for scheduling the PDSCHs.
Proposal 2: For the TB scheduled by PDCCH using fallback DCI, the UE generates the TB level HARQ-ACK in the following way:

· In the case without HARQ-ACK multiplexing, the UE generates 1 bit HARQ-ACK for one TB scheduled by the fallback DCI.

· In the case with HARQ-ACK multiplexing, the UE generates 1 bit HARQ-ACK for one TB scheduled by the fallback DCI, then the UE repeats this 1 bit HARQ-ACK until the number of bits is equal to the number of bits being used for the CBG level HARQ-ACK. 
2.2 Proposed change for the issue 
Based on the above analysis, the following proposal for Section 9.1.1 and 9.1.2 of 38.213 is made. Currently, only the case without HARQ-ACK multiplexing is agreed. The existing text in the specification should be modified to only capture this and to avoid any ambiguity. If Proposals 1 and 2 would be agreed, then the text in the specification could be further modified to also capture the case with HARQ-ACK multiplexing. 
-------------------------------------Text Proposal for 38.213--------------------------------------------------
........Text Proposal for Section 9.1.1

In the case without HARQ-ACK multiplexing, if a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates 1bit HARQ-ACK information only for the transport block in the PDSCH. 
........Text Proposal for Section 9.1.2
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2.3 Problem 2 - Analysis

Here, we address the issue when a CBG that has been fed back with a NACK but has not been retransmitted.

For example, a CBG, for which the UE has fed back a NACK, but the UE does not receive a new version of that CBG after it has sent the NACK (but the base station retransmits other CBGs), and then the UE should continue to feed back the NACK for this CBG in order to obtain subsequent retransmissions of this CBG. 
A reason why the UE does not receive this CBG could be one of the following: 

1) The base station misinterprets the NACK as ACK, and the base station does not consider this CBG necessary to be retransmitted. 
2) The base station temporarily does not schedule a retransmission of this CBG, and subsequent retransmissions of this CBG.

For the first reason, it is obviously necessary for the UE to continue to feedback the NACK for this CBG; otherwise the CBG will lose the chance of retransmission in the physical layer.

Proposal 3: When UE is configured with CBG based retransmission, for a CBG, the UE has fed back a NACK, but the UE does not receive the CBG for retransmission, if the base station retransmits other CBGs, and then the UE should continue to feed back the NACK to this CBG (in order to obtain subsequent retransmissions of this CBG). 
2.4 Proposed change for the issue 
Based on the above, the following the proposal for Section 9.1.1 of 38.213
-------------------------------------Text Proposal for 38.213--------------------------------------------------
If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block, and the UE generates a NACK for each CBG that the UE previously has fed back with NACK, but did not decode correctly or did receive the retransmission at all.  
--------------------------------------------------------------------------------------------------------------------------------------------

2.5 Problem 3 - Analysis

This question is related to the dynamic codebook for CBGs.

In 38.213, with respect to CBG, it is said that the semi-static codebook shall be used regardless if a single HARQ-ACK is employed or multiple HARQ-ACKs are multiplexed. The benefits of semi-static codebooks are simple, but the signaling overhead is large and coverage or performance is not as good as for dynamic codebooks. In our view the  dynamic codebook for CBG based transmission should be considered in the second phase of R15.

Possible aspects of dynamic codebook are:

1) For a single TB scheduled by normal DCI, i.e. without HARQ-ACK multiplexing, the UE shall feedback a TB-level HARQ-ACK or a CBG-level HARQ-ACK according to the decoding result of the UE.

2) For multiple TBs scheduled by normal DCIs, that is, with HARQ-ACK multiplexing, the UE is allowed to form the TB-level HARQ-ACK for all TBs according to decoding results for each TB and form the CBG-level HARQ-ACK for the “NACKed” TB. The hybrid codebook contains TB level HARQ-ACK and CBG level HARQ-ACK (not two sub-codebooks here).

Both of the above manners can significantly save the overhead of HARQ-ACK and do not affect the characteristics of CBG retransmission. So we think they should be studied in the second phase of R15.

In addition, we note that the second manner above is similar to the two sub-codebooks that have been agreed, and perhaps the two sub-codebooks can be enhanced to address a broader range of issues.

3   Conclusion

In this contribution, we present two change requests on CBG in form of text proposals for TS 38.213 and, additionally, make 3 proposals, please see below:

Text Proposal 1:

	-------------------------------------Text Proposal for 38.213--------------------------------------------------

........Text Proposal for Section 9.1.1

In the case without HARQ-ACK multiplexing, if a UE receives a PDSCH that is scheduled by a PDCCH with DCI format 1_0, the UE generates 1bit HARQ-ACK information only for the transport block in the PDSCH. 
........Text Proposal for Section 9.1.2
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Text Proposal 2:

	-------------------------------------Text Proposal for 38.213--------------------------------------------------

If the UE generates a HARQ-ACK codebook in response to a retransmission of a transport block, corresponding to a same HARQ process as a previous transmission of the transport block, the UE generates an ACK for each CBG that the UE correctly decoded in a previous transmission of the transport block, and the UE generates a NACK for each CBG that the UE previously has fed back with NACK, but did not decode correctly or did receive the retransmission at all.  


Proposal 1: When UE is configured with CBG based retransmission, then for the case of HARQ-ACK multiplexing, fallback DCI can be used for scheduling the PDSCHs.
Proposal 2: For the TB scheduled by PDCCH using fallback DCI, the UE generates the TB level HARQ-ACK in the following way:

· In the case without HARQ-ACK multiplexing, the UE generates 1 bit HARQ-ACK for one TB scheduled by the fallback DCI.

· In the case with HARQ-ACK multiplexing, the UE generates 1 bit HARQ-ACK for one TB scheduled by the fallback DCI, then the UE repeats this 1 bit HARQ-ACK until the number of bits is equal to the number of bits being used for the CBG level HARQ-ACK. 
Proposal 3: When UE is configured with CBG based retransmission, for a CBG, the UE has fed back a NACK, but the UE does not receive the CBG for retransmission, if the base station retransmits other CBGs, and then the UE should continue to feed back the NACK to this CBG (in order to obtain subsequent retransmissions of this CBG). 
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