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Introduction
For the remaining issues on CBG-based (re)transmission, following agreements have been made in RAN1#90 (21-25 Aug 2017).
	Agreements:
· For the purpose of further discussion, we conclude following:
· For the following discussion on CBG-based retransmission, define the terms CBGTI and CBGFI as below. 
· CBGTI (CBG transmission information) means information on which CBG(s) is/are (re)transmitted and, 
· CBGFI (CBG flushing out information) means information on which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· At least following is supported for DL CBG-based (re)transmission.
· A DCI includes both CBGTI and CBGFI.
· For single CW case, when N is the maximum number of CBGs configured by RRC
· N bits for CBGTI, and the other 1 bit for CBGFI
· FFS: whether re-interpret NDI as CBGFI
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether jointly using other field as CBGTI or CBGFI
· FFS on multiple CW case.
· At least following is supported for DL and UL CBG-based (re)transmission.
· A DCI includes CBGTI.
· For single CW case, N bits for CBGTI as configured by RRC
· FFS: whether CBGTI is re-interpreted as NDI 
· FFS: whether NDI is re-interpreted as CBGTI
· FFS: whether jointly using other field as CBGTI
· FFS on multiple CW case




In addition, following agreements have been made in last meeting RAN1 NR#3 (18-21 Sept 2017). 
	Agreements:
· For a UE configured with CBG-based (re)transmission, the same DCI payload size is assumed for initial transmission and retransmission for the same TB(s)
· Note that this does not intend to address fallback DCI aspect
· L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15




Moreover, in meeting RAN1#90, some agreements have been made for single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK. In addition to these agreements, some further discussion and clarification are necessary.
	Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB
· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs
· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction
· ACK is reported for a CBG if the same CBG has been successfully decoded
· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs




[bookmark: OLE_LINK1]Discussions
Joint-encoding of NDI and CBGTI
Initial transmission should include the whole TB. Partial transmission (i.e., transmission of some CBGs, not all the CBGs) of a TB can only be used for retransmission. Thus, TB-level NDI can be jointly encoded with the information on which CBG(s) is/are (re)transmitted.
Proposal 1:
· NDI is jointly encoded with CBGTI.
CBG-level HARQ-ACK
As known, TB level HARQ-ACK generation is specified in the MAC specification. However, CBG level HARQ-ACK should be transparent for the MAC layer. Hence, CBG level HARQ-ACK generation should be specified in the PHY specification.
Proposal 2:
· If the PHY layer successfully decoded a CBG, the PHY layer generates an ACK for the CBG, while the PHY does not successfully decode a CBG, the PHY generates a NACK for the CBG.
Remaining issue for single CW case with CBG-level HARQ-ACK codebook size
NR has much more flexible HARQ-ACK timing than the one in LTE, which causes much more combinations in terms of DL and UL association. This leads that even with TB-level HARQ-ACK reporting NR has to support a number of HARQ-ACK codebook sizes already. If CBG-level HARQ-ACK reporting requires the support of multiple bit sizes per TB, the number of possible HARQ-ACK codebook size would be huge in total. Considering processing and testing complexities, HARQ-ACK codebook size per TB should be semi-statically determined. In last meeting RAN1 NR#3, RAN1 has agreed that L1 signalling to indicate the number of CBGs per TB is not supported in Rel-15. Hence, the agreement in RAN1 #90 that HARQ-ACK payload size is same with the configured number of CBGs should be regarded as that HARQ-ACK payload size is same with the configured number of CBGs by RRC. That is, if the UE is configured with the maximum number of CBGs set to N indicated by RRC signaling, HARQ-ACK codebook size per TB should be always N. 
Next we discussed for a case when the number of CB(s) within a TB is smaller than the maximum number of CBG configured by RRC signaling, how to generate HARQ-ACK for the CBG(s) not consisting of CB. Note that N is maximum number of CBGs indicated by RRC, C is the number of CB(s) within the TB at the CB segmentation, and M is the number of CBG(s) in the TB which equals to min(C, N). The HARQ-ACK for M CBG(s) will be generated according to the decoded results. HARQ-ACK for (N-M) CBG(s) which does not consist of CB(s) can be generated as NACKs. Since gNB knows the CBG scheduling information, gNB does not need to search HARQ-ACK codebook among all HARQ-ACK codebooks. Hence, we propose:
Proposal 3:
· [bookmark: _Hlk492646052]At least for single CW case, HARQ-ACK payload size with N bits should be reported for the CW at every HARQ-ACK reporting instance, where N is the maximum number of CBGs configured by RRC signaling. 
Proposal 4:
· For the case when C is smaller than N, in addition to M bits HARQ-ACK generated according to the decoded results for scheduled CBG(s), (N-M) NACK(s) are generated for CBG(s) not consisting of CB. 
· C is the number of CB(s) within the TB at the CB segmentation, 
· N is the maximum number of CBGs configured by RRC signaling,
· M is the number of CBG(s) consisting of CB(s) and equals to min(C, N).
In RAN1#90 meeting, RAN1 has agreed that HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs including the non-scheduled CBG(s). Furthermore, for a HARQ-ACK generation for non-scheduled CBG(s) during retransmission, ACK is generated for the non-scheduled CBG(s) which have been correctly decoded in a previous transmission of the transmission. However, one remaining issue is that we need to clarify HARQ-ACK generation for non-scheduled CBG(s) which have not been correctly decoded in a previous transmission of the transmission. 
As shown in Fig.1, UE successfully decoded CBG#1 but failed to decode the CBG#2 and CBG#3 for initial transmission. UE transmits {ACK, NACK, NACK} for corresponding {CBG#1, CBG#2, CBG#3} based on the decoding results. Then gNB may error decode NACK to ACK for CBG#3 and will only retransmits CBG#2 to UE. Or even if gNB correctly decode the HARQ-ACK feedback but due to some restricted resource, gNB will also only retransmits one CBG to UE. In this case the HARQ-ACK generation for non-scheduled CBG#3 should be clarified. UE should continue to transmit NACK for the non-scheduled CBG#3 so that gNB will retransmit CBG#3 to UE. 


Fig.1: HARQ-ACK feedback for CBG retransmission
[bookmark: OLE_LINK2][bookmark: OLE_LINK4]Hence, in addition to the agreement that ACK is reported for a CBG if the same CBG has been successfully decoded in RAN1#90, further clarification is necessary on how to reported HARQ-ACK feedback for non-scheduled CBG if the same CBG has not been successfully decoded. 
Proposal 5:
· For a HARQ-ACK codebook generation in response to a retransmission of a transport block, NACK is generated for non-scheduled CBG(s) in the retransmission if the same CBG(s) in the previous transmission of the same transport block has not been successfully decoded.
TB-level HARQ-ACK
A fallback solution from CBG-level HARQ-ACK to TB-level HARQ-ACK should be supported in NR. If CBG-level HARQ-ACK bits are already used to indicate which CBGs are not received successfully, an additional TB-level NACK is not necessary. However, if all the CBGs are decoded successfully and TB CRC check is passed, 1-bit TB-level ACK can be used instead of CBG-level HARQ-ACK bits to reduce the payload size. 
Proposal 6:
· Fallback from CBG-level HARQ-ACK to TB-level HARQ-ACK is supported/applied for CBG-based (re)transmission in the following cases:
· Case 1: all HARQ-ACKs corresponding to all CBGs are ACK or NACK
· Case 2: PDSCH is scheduled by PDCCH via common search space or PDCCH by fallback DCI format
Proposal 7:
· Different PUCCH format or PUCCH resource should be used to support the fallback from CBG-level HARQ-ACK to TB-level HARQ-ACK.
Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· NDI is jointly encoded with CBGTI.
Proposal 2:
· If the PHY layer successfully decoded a CBG, the PHY layer generates an ACK for the CBG, while the PHY does not successfully decode a CBG, the PHY generates a NACK for the CBG. 
Proposal 3:
· At least for single CW case, HARQ-ACK payload size with N bits should be reported for the CW at every HARQ-ACK reporting instance, where N is the maximum number of CBGs configured by RRC signaling. 
Proposal 4:
· For the case when C is smaller than N, in addition to M bits HARQ-ACK generated according to the decoded results for scheduled CBG(s), (N-M) NACK(s) are generated for CBG(s) not consisting of CB. 
· C is the number of CB(s) within the TB at the CB segmentation, 
· N is the maximum number of CBGs configured by RRC signaling,
· M is the number of CBG(s) consisting of CB(s) and equals to min(C, N).
In addition to the agreement that ACK is reported for a CBG if the same CBG has been successfully decoded in RAN1#90, further clarification is necessary as following proposal 5:
Proposal 5:
· For a HARQ-ACK codebook generation in response to a retransmission of a transport block, NACK is generated for non-scheduled CBG(s) in the retransmission if the same CBG(s) in the previous transmission of the same transport block has not been successfully decoded.
Proposal 6:
· Fallback from CBG-level HARQ-ACK to TB-level HARQ-ACK is supported/applied for CBG-based (re)transmission in the following cases:
· Case 1: all HARQ-ACKs corresponding to all CBGs are ACK or NACK
· Case 2: PDSCH is scheduled by PDCCH via common search space or PDCCH by fallback DCI format
Proposal 7:
· Different PUCCH format or PUCCH resource should be used to support the fallback from CBG-level HARQ-ACK to TB-level HARQ-ACK.
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