[image: image2.png]PP e -

N Non-fallback DCT ] Fallback DCI | DL data

HARQ ACK TB3
codebook HARGACK



3GPP TSG RAN WG1 Meeting #91
R1-1719400
Reno, USA, November 27th – December 1st, 2017
Agenda Item:
7.3.3.3
Source:
Huawei, HiSilicon
Title:
On CBG-based (re)transmission
Document for:
Discussion and decision 
1 Introduction

At RAN1 #90bis and the email discussion, the following agreements on CBG-based (re)transmission were approved [1]:
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
Agreements:

· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.

· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 

· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. 

· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design. 

· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.

· No additional CB grouping method is introduced in Rel-15.
This contribution discusses some remaining issues including DCI composition and HARQ-ACK feedback for CBG-based (re)transmission. 
2 Discussion
2.1 DCI composition of CBGTI
During the offline discussion in RAN1#90 meeting, the following four modes were provided for the case when CBG-based retransmission is configured
· Mode 1: A DCI does NOT include both CBGTI and CBGFI.
· The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
· Mode 2: A DCI only includes CBGTI.
· CBGTI informs which CBG(s) is/are (re)transmitted.
· Mode 3: A DCI only includes CBGFI.
· The gNB retransmits CBGs according to UE’s HARQ-ACK feedback.
· CBGFI informs which CBG(s) is/are handled differently for soft-buffer/HARQ combining
· Mode 4: A DCI includes both CBGTI and CBGFI.
· CBGTI informs which CBG(s) is/are (re)transmitted.
· CBGFI informs which CBG(s) is/are handled differently for soft-buffer/HARQ combining
It was agreed that mode 2 and mode 4 will be supported for single CW case. In particular, an N-bit CBGTI, where N is the maximum number of CBGs configured by RRC, will be present in the DCI for CBG-based (re)transmission. The above agreement should be extended for the multiple CW case, i.e. an N-bit CBGTI is present for each TB, where N is the maximum number of CBGs per TB. 
Proposal 1: For multiple CW case, an N-bit CBGTI is present for each TB in the DCI, where N is the maximum number of CBGs per TB when UE is configured with CBG-based (re)transmission.
Regarding CBGTI, the most straightforward way is to introduce a dedicated field. The number of CBGTI bit field depends on the maximum configurable number of CBGs, i.e. 8 bits at maximum. Such a large DCI overhead seems not preferable. One possible design is to consider DCI size reduction by reusing some existing fields, such as the MCS field. The function of MCS field is to signal the TBS index and modulation order. For CBG-based re-transmission, the TBS index can be assumed to be as determined from DCI delivered in the latest PDCCH for the same HARQ process. Except for DTX, there is no need to update the TBS information for re-transmission and only the modulation order needs to be informed. For DTX, TB-based re-transmission is used and MCS is not reused since there is no need for CBGTI. Therefore, one could reuse partial or full MCS field (such as 5 bits in LTE) for CBGTI. In other words, a common field for the above bitmap in the DCI can be interpreted as CBGTI (and CBGFI if configured) and MCS indication. Specifically, when partial CBG(s) within the TB is retransmitted, the common field can be used as the CBGTI (and CBGFI if configured). On the other hand, when TB or all-CBG based (re)transmission is scheduled, some or all part of common field can be interpreted as the MCS indication. 
By re-using some existing fields, the DCI payload can be reduced. To limit the impact on MCS, in some cases, CBGTI may not need to be involved in retransmission scheduling DCI. One example is the scheduled TB contains only one CB. The other example is DTX case or the case when gNBs could not distinguish between all NACKs and DTX, full flexibility of MCS field would be necessary even for a retransmission. Hence, an explicit indication should be included in DCI to inform UEs whether a CBGTI is contained or whether MCS is reinterpreted. Furthermore, the size of CBGTI may not be necessary to be fixed as well. The size of CBGTI depends on the TB size and thus it could change correspondingly with how many CBGs is contained by the TB transmitted this time, e.g., the size of CBGTI is min(C, N). In this case, more bits could be used for MCS indication.
Proposal 2: A common bit field is interpreted as MCS or CBGTI and CBGFI if configured and one explicit bit is added in the DCI to indicate how to interpret the common bit field.
2.2 TB-level HARQ-ACK feedback 
For UE configured with CBG-based (re)transmission and CBG-based HARQ-ACK feedback, one of the remaining issue is whether there is a need to support fallback of TB-based (re)transmission and/or TB-level HARQ-ACK feedback. One motivation is the consideration of UCI payload size since UL coverage may become limited in some case. For example, if gNB detects that the CRC of HARQ-ACK does not pass due to A/N misdetection, it is better that gNB can enable fallback to TB-based feedback in a dynamic manner. The state “all zeros of CBGTI fields” in DCI can be used for TB-based (re)transmission and/or TB-based feedback indication. From signaling point of view, there is no any additional cost to support dynamical fallback to TB-based (re)transmission and/or TB-based feedback. 

Proposal 3: The status “all zeros” of CBGTI represents (re)transmission of all CBG(s) and indicates 1-bit HARQ-ACK feedback, i.e., TB-level feedback.

At RAN1#90bis, it was agreed that when UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used for the case without HARQ-ACK multiplexing.  The HARQ-ACK multiplexing case was left FFS. In particular, when both fallback DCI and non-fallback DCI within the associate set are detected by the UE, how to multiplexing TB-level feedback with CBG-level feedback need to be clarified. 
For semi-static HARQ-ACK codebook, the codebook size scales with the number of CBGs configured by RRC. If UE receives several PDSCHs scheduled by PDCCH using both fallback DCI and non-fallback DCI, the UE needs to generate N-bit HARQ-ACK feedback for PDSCHs scheduled by PDCCH using non-fallback DCI while 1-bit for PDSCHs scheduled by PDCCH using fallback DCI. To maintain the size of HARQ-ACK codebook, the 1st bit of corresponding N bits for PDSCH scheduled by fallback DCI is TB-level HARQ-ACK, and the rest N-1 bits NACK are padded as shown in Figure 1. 
For dynamic codebook, similar mechanism can be applied. Additionally, separated DAI process for non-fallback DCI and fallback DCI can also be considered. To this regard, separated sub-codebook for CBG-level feedback and TB-level feedback can be used. One possible approach is to combine the two sub-codebooks into one UCI with TB-level feedback following CBG-level feedback as shown in Figure 2.

Figure 1. An example of semi-static codebook feedback (2 CBGs are configured)
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Figure 2. An example of dynamic codebook feedback(2 CBGs are configured)
On the other hand, the fallback DCI is mainly used for RRC reconfiguration. In the RRC reconfiguration duration, there may be misalignment between gNB and UE with RRC configuration, such as the number of CBGs per TB. Therefore, discarding non-fallback DCIs when detecting fallback DCI also can be a simple solution. 
Proposal 4: When UE is configured with CBG based retransmission, for PDSCH scheduled by PDCCH using fallback DCI, the UE generates TB-level HARQ-ACK for the case with HARQ-ACK multiplexing
· At least for semi-static HARQ-ACK codebook, the 1st bit of corresponding N bits for PDSCH scheduled by fallback DCI is TB-level HARQ-ACK, and the rest N-1 bits are set to NACK

3 Conclusions
In this contribution we discussed scheduling mechanisms for CBG-based re-transmission. According to the above discussions, we have the following observation and proposals:
Proposal 1: For multiple CW case, an N-bit CBGTI is present for each TB in the DCI, where N is the maximum number of CBGs per TB when UE is configured with CBG-based (re)transmission.
Proposal 2: A common bit field is interpreted as MCS or CBGTI and CBGFI if configured and one explicit bit is added in the DCI to indicate how to interpret the common bit field.
Proposal 3: The status “all zeros” of CBGTI represents (re)transmission of all CBG(s) and indicates 1-bit HARQ-ACK feedback, i.e., TB-level feedback.

Proposal 4: When UE is configured with CBG based retransmission, for PDSCH scheduled by PDCCH using fallback DCI, the UE generates TB-level HARQ-ACK for the case with HARQ-ACK multiplexing
· At least for semi-static HARQ-ACK codebook, the 1st bit of corresponding N bits for PDSCH scheduled by fallback DCI is TB-level HARQ-ACK, and the rest N-1 bits are set to NACK
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