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1 Introduction

For enhancement of scheduling and HARQ procedure in NR [1], it was agreed in RAN1#88bis to support CB-group (CBG) based retransmission based on RRC signaling configuration which is separate for DL and UL. Great progress has been achieved in last meeting and email discussion [90b-NR-32] with the following agreements.

	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
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.




   In this contribution, the remaining issues of DCI design and HARQ-ACK feedback are discussed. The CBG-level HARQ-ACK codebook determination for CA is discussed in the companion contribution [2].
2 Composition of DCI
CBGTI indication
CBGTI, CBGFI and NDI are separately indicated in the same DCI. In case with CBG based retransmission and multiple CW configuration, there’re separate bit field for CBGTI and NDI for each CW, while CBGFI is commonly applied for both two CWs.  
Regarding the bit field for CBGTI, there’re two options, 

· Option 1: Dedicated CBGTI is present regardless whether all or partial CBGs are (re)transmitted. 

· Option 2: CBGTI is present only for partial CBG (re)transmission, while the same bit-field is used for MCS/TBS for an all-CBG (re)transmission. 

Apparently, option 1 is a clean and simple approach at the cost of slightly increased DCI payload.  Option 2 can reduce DCI payload at the cost of some scheduling restriction or performance degradation. MCS/TBS bit field seems ‘unnecessary’ for retransmission, because TBS information is already informed in initial transmission and modulation adjustment is sufficient for retransmission. 
However, with option 2, if a UE misses the DCI for initial transmission, the UE can neither decode the received retransmission without TBS information nor properly store the LLR in the soft buffer for potential HARQ-combing. In LTE, the eNB has the flexibility to indicate TBS or only modulation order to overcome the confusion caused by miss-detection of initial transmission. Same logic should be kept in NR. Otherwise, the reliability of DCI detection for initial transmission should be increased which leads to larger PDCCH resource requirements/overhead (larger CCE aggregation level) and, depending on the target BLER, the DCI size, and the UE SINR, may not be possible to achieve. 
Proposal 1: In case configured with CBG based retransmission, CBGTI and MCS for each CW is separately indicated in the same DCI.
CBGFI indication
  CBGFI is to inform a UE of punctured resources in a previous TB transmission. An expected UE behaviour from this pre-emption indication is that the UE flushes out the soft buffer part corresponding to the indicated resources and disregards respective soft bits. The granularity of CBGFI can be coarser than the pre-empted time-frequency resource, e.g., only some CBGs of one DL assignment or some symbols of one CBG may be pre-empted but the CBGFI is per-DCI indication. In that sense, the UE may not have to flush the buffer for all CBs within the indicated CBG for both CWs, if multiple CW is configured. Thus, the CB/CBG handling for soft buffer/HARQ-combining should be up to UE implementation. 
Absolute value or toggling method can be considered for CBGFI. The main issue of using absolute value is a potential soft buffer corruption if a UE fails to detect a previous DL assignment. When the UE fails to detect one DL assignment indicating the appearance of pre-emption (assume 0 for pre-emption and 1 otherwise), and the gNB does not differentiate DTX or NACK (in some cases, e.g., in CA), then the gNB can schedule that CBG again and indicate HARQ combing by ‘1’, if there is no pre-emption in last (lost) PDSCH transmission. Consequently, a UE is unaware of pre-emption and performs HARQ combining of currently received CBG with that one in the soft buffer, because CBGFI is ‘1’. For toggling method, the pre-emption is informed by toggling the bit compared with the last transmission which avoids the aforementioned error case. If a UE fails to detect two consecutive DL assignments and the same CBG is pre-empted in both instances, an error case exists. However, the probability of such error case is expected to very low (e.g. less than 1e-4). 

Proposal 2: CBGFI indication is based on toggled/untoggled state. CBG handling for soft buffer/HARQ-combining is up to UE implementation when a UE receives a DCI with toggled CBGFI. 
3 HARQ operation description
In LTE, how a UE performs HARQ combining for a TB is described in MAC layer specification (TS36.321). In that reason, the parameters HARQ process ID, NDI, and RV are delivered from PHY layer to MAC layer. However, in NR, a UE configured with CBG-based retransmission performs HARQ combining between initial transmission and retransmission for a TB based on CBGTI and CBGFI. Therefore, to describe HARQ operation in MAC layer, MAC layer should be aware of a lot of PHY layer parameters, e.g., CBGTI, CBGFI, and channel coding related parameters. This would result in too much impact on MAC specification. Therefore, it is better for CBG retransmissions (also, pre-emption indication) being not visible in the MAC specification. Instead, PHY specifications should describe UE behaviours for HARQ operations based on CBGTI and CBGFI. 
Observation 1: CBGTI and CBGFI are transparent to MAC layer.

Observation 2: PHY layer specifications should describe UE behaviours for HARQ combining w.r.t. CBGTI and CBGFI.
4 HARQ-ACK feedback

TB-level HARQ-ACK information   

When a UE is configured with CBG-based scheduling, the retransmission and feedback granularity is CBG(s) expect the fallback case, wherein the scheduling and feedback granularity is TB(s). Typically, the fallback happens during the RRC (re)configuration period to avoid ambiguity, e.g., the number of configured CBGs changed, or to be robust to sudden undesirable performance degradation as LTE. In this case, gNB can inform UE of dynamic switch to TB-level scheduling/feedback by a fallback DCI format. Such robust fallback mechanism should be supported, no matter the feedback is with or without HARQ-ACK multiplexing.

In the case of HARQ-ACK multiplexing, for semi-static HARQ-ACK codebook determination, CBG-level HARQ-ACK should be transmitted even for PDSCH scheduled by fallback DCI. One exception case is, if only one PDSCH is scheduled, and this PDSCH is scheduled by fallback DCI, TB-level HARQ-ACK should be used. For dynamic HARQ-ACK codebook, any unnecessary HARQ-ACK bits should be avoided to reduce the UCI payload, if it does not impact system robustness. With the aid of CBG-level DAI, dynamic fallback to TB-level HARQ-ACK feedback does not cause any HARQ-ACK codebook ambiguity in DTX case [3] nor impact TB-level CRC error indication.  
In the case without HARQ-ACK multiplexing, the payload of TB-level HARQ-ACK is 1 bit because the fallback DCI only supports single CW transmission. PUCCH format 0 or format 1 shall be used. In the case with HARQ-ACK multiplexing, a proper PUCCH format shall be chosen according to the payload of total HARQ-ACK codebook. 

Proposal 3: In the case without HARQ-ACK multiplexing, for PDSCH scheduled by fallback DCI, 1 bit TB-level HARQ-ACK is carried by PUCCH format 0/1. 
Proposal 4: In the case with HARQ-ACK multiplexing, for PDSCH(s) scheduled by fallback DCI, 

· Not support TB-level HARQ-ACK feedback for semi-static HARQ-ACK codebook, except the case of single PDSCH being scheduled. 
· Support TB-level HARQ-ACK feedback for dynamic HARQ-ACK codebook, with the aid of CBG-level DAI. 
· A proper PUCCH format shall be chosen according to the payload of total HARQ-ACK codebook.
HARQ-ACK feedback only for the scheduled CBGs   

Compared with HARQ-ACK feedback for configured CBGs, HARQ-ACK feedback only for the scheduled CBGs can reduce UCI payload. For HARQ-ACK codebook without multiple PDSCH multiplexing (meaning use of RM code for HARQ-ACK encoding), a gNB receiver can use prior knowledge for some HARQ-ACK information transmitted from a UE (e.g., gNB knows which CBGs are not scheduled) and achieve practically the same performance for HARQ-ACK feedback for configured CBGs and HARQ-ACK feedback for configured CBGs. In case of HARQ-ACK codebook for multiple PDSCHs, smaller UCI payload may lead to a decrease in required SINR and improved coverage or decreased interference. 

However, HARQ-ACK feedback only for the scheduled CBGs cannot indicate TB-level CRC error. New mechanism such as always adding 1-bit TB-level HARQ-ACK feedback is needed, which contradicts with payload reduction motivation. Considering already having well-designed feedback mechanism for configured CBG and tight schedule for NR phase 1, it is not needed to also support HARQ-ACK feedback for scheduled CBGs as an optimization. 

Proposal 5: Not support HARQ-ACK feedback only for scheduled CBGs. 
HARQ-ACK bundling in case with CBG configuration   
There’re three options for HARQ-ACK bundling, 

Opt 1: HARQ-ACK bundling for the CBGs within a TB

Opt 2: HARQ-ACK bundling for the CBGs across TBs

Opt 3: HARQ-ACK bundling for the CBGs across slots

For opt 1, HARQ-ACK bundling for the CBGs within a TB equals TB-level HARQ-ACK feedback. If the bundling is  configured by higher-layer signaling, a direct consequence is that the gNB configures conventional TB-level scheduling. In case with CBG configuration, the only possible way to realize opt 1 is to perform dynamic HARQ-ACK bundling for the CBGs within a TB, when UCI payload is over a threshold. However, considering the typical scenario for CBG configuration is quite different interference/channel fading over different symbols or potential pre-emption by URLLC, the bundling between CBGs within a TB may lead unneglectable performance degradation. 
Similar as spatial bundling without CBG configuration, per-CBG spatial bundling is a feasible approach to reduce the UCI payload with acceptable performance degradation. Comparing with opt 1, the spatial correlation would be  larger than inter-CBG correlation especially when only some CBGs are pre-empted. 

For opt 3, the performance would be further degraded compared with opt 1, in which the appearance of URLLC in different slot would be even more independent. Therefore, with the exception of scenarios in which the UCI payload needs to be restricted due to coverage reasons, HARQ-ACK feedback should not rely on time-domain bundling. 

Proposal 6: Support per-CBG spatial bundling with CBG configuration. Consider time-domain bundling only for coverage limited operation.
5 Conclusions
In this contribution, several aspects of CBG-based DL/UL retransmission were discussed. It can be summarized as below.
Observation 1: CBGTI and CBGFI are transparent to MAC layer.

Observation 2: PHY layer specifications should describe UE behaviours for HARQ combining w.r.t. CBGTI and CBGFI.

Proposal 1: In case configured with CBG based retransmission, CBGTI and MCS for each CW is separately indicated in the same DCI.
Proposal 2: CBGFI indication is based on toggled/untoggled state. CBG handling for soft buffer/HARQ-combining is up to UE implementation when a UE receives a DCI with toggled CBGFI. 

Proposal 3: In the case without HARQ-ACK multiplexing, for PDSCH scheduled by fallback DCI, 1 bit TB-level HARQ-ACK is carried by PUCCH format 0/1. 

Proposal 4: In the case with HARQ-ACK multiplexing, for PDSCH(s) scheduled by fallback DCI, 

· Not support TB-level HARQ-ACK feedback for semi-static HARQ-ACK codebook, except the case of single PDSCH being scheduled. 
· Support TB-level HARQ-ACK feedback for dynamic HARQ-ACK codebook, with the aid of CBG-level DAI. 
· A proper PUCCH format shall be chosen according to the payload of total HARQ-ACK codebook.
Proposal 5: Not support HARQ-ACK feedback only for scheduled CBGs. 
Proposal 6: Support per-CBG spatial bundling with CBG configuration. Consider time-domain bundling only for coverage limited operation.
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