3GPP TSG RAN WG1 Meeting 91                					R1-1720555
Reno, USA, November 27th – December 1st, 2017

Agenda Item:	7.3.3.3
Source:	InterDigital Inc.
Title:	On the remaining details of CBG based (re)transmission
Document for:	Discussion and Decision
Introduction
In RAN1 90b Meeting [1], the following was agreed for CBG based (re)transmission:

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

· 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


Furthermore, from the [90b-NR-32] e-mail discussion, the following was agreed:
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, we discuss additional details regarding UE HARQ feedback and HARQ codebook design considerations for multiple PDSCHs.
HARQ feedback design considerations
With CBG based (re)transmission, the gNB can schedule for retransmission the set of CBGs that were previously pre-empted by low latency traffic. The UE will then provide CBG HARQ feedback for the scheduled retransmissions. In this section, we discuss various HARQ design considerations, including codebook design for HARQ-ACK multiplexing of multiple TBs (PDSCHs).   
CBG and TB based HARQ feedback
In addition to multi-bit HARQ feedback, TB level HARQ feedback should also be supported for both semi-static and dynamic HARQ-ACK codebook, as this can also help provide protection against NACK-ACK errors for CBG HARQ feedback. There are several considerations for TB level HARQ feedback. 
· Option 1. Use all NACK of CBG-level HARQ-ACK bits 
· Option 2. Add 1 bit to CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource

An additional factor for TB level feedback is the case where the PDSCH for a UE configured with CBG based (re)transmission is scheduled using a fallback DCI, i.e. implying (re)transmission of the entire TB as opposed to specific CBGs.  
Option 1 - For the semi-static HARQ codebook case with HARQ-ACK multiplexing, it has already been agreed that the HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs, and NACK is reported for all the CBGs if TB CRC check is not passed while the CB CRC check is passed for all CBs.  
Option 2 - Additionally, one may consider an additional bit for TB level HARQ feedback on top of the multi-bit HARQ feedback. Having a separate bit for TB level feedback can offer feedback protection, for e.g., in the case where only a single CBG is in error and hence NACK, but NACK-ACK error occurs, the gNB would incorrectly assume that the TB was successfully decoded. This is especially relevant for dynamic HARQ codebook. For example, a transmission can be pre-empted and so a subset of CBGs can be retransmitted. In the feedback for the retransmission, the UE may provide HARQ-ACK only for the retransmitted CBGs. In this case, if the TB check fails and an Option 1 like solution is used, there is ambiguity if all the NACKs in the retransmission feedback is only to indicate NACK of those CBGs, or to indicate NACK of the TB for the case where NACK-to-ACK error occurred (possibly in one of the CBGs not retransmitted).
Option 3 - Another option is to utilize a different PUCCH format for the TB level feedback. For e.g., if all CBGs and hence entire TB is correct (both CB and TB-level CRC check passes) or in error (TB-level CRC fails or none of CBGs is correctly decoded), it may be better to have UE send only a single TB-level (ACK or NACK, respectively); whereas if some CBGs are in error, UE can send CBG-level HARQ feedback. Different PUCCH formats, for e.g., a PUCCH format capable of carrying a small payload for the single-bit feedback case, whereas a PUCCH format that can handle a larger UCI payload can be configured for CBG-level feedback. This scheme has the benefit of dramatically reducing HARQ feedback size from multi-bit to single-bit, which can be especially beneficial in the case where UE is coverage or power constrained. Additionally, utilizing a different PUCCH format for TB level and CBG level feedback can also address the case where PDSCH is scheduled by fallback DCI, as the UE can then utilize single-bit TB level HARQ-ACK feedback for both the case with and without HARQ-ACK multiplexing, in case there is a scenario where either the entire TB is decoded correctly or in error (as described above). 
In addition to the improved coverage offered by Option 1, Option 2 offers improved feedback protection, whereas Option 3 offers significant reduction in UCI while also providing a solution for the case where the PDSCH is scheduled via a fallback DCI. Based on the various advantages offered by the various options, we propose the following.

Proposal 1: When TB-level HARQ feedback is supported for CBG based (re)transmission, following options should be considered:(i) use all NACK of CBG-level HARQ-ACK bits, (ii) different PUCCH formats for CBG and TB-level feedback options, (iii) additional bit for TB level HARQ feedback.

HARQ feedback type
In some scenarios, it can be useful to switch between CBG-based feedback and TB-based feedback. It was agreed at RAN1 90b 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. However, regardless of if a UE is scheduled with fallback DCI, it makes sense to enable switching between CBG and TB level HARQ-ACK. A UE in cell edge conditions might be power limited and unable to provide CBG-based feedback with sufficient energy per bit, and therefore the gNB may switch to per-TB feedback. Also, if the number of CBGs involved in a retransmission is considerably lower than the initial transmission, and HARQ-ACK codebook is semi-static, the gNB might switch the feedback to per-TB in order to limit the interference on the PUCCH. Such a switch can be signalled to the UE via DCI.

Proposal 2: The UE is indicated whether to report TB level only, or CBG level feedback in DCI.

A UE may be configured to report HARQ feedback applicable to multiple TBs assigned from multiple DCIs. This can occur in case of carrier aggregation, multiple active BW parts or TDD operation. For the case where HARQ-ACK multiplexing is used, the number of feedback bits per DCI may depend on the DCI type, or an indication in the DCI. Using a variable number of bits depending on whether the feedback is TB level or CBG level may cause feedback bit position ambiguity if a DCI is missed. Therefore, for semi-static HARQ-ACK codebook, it is best to use a fixed number of bits per DCI, regardless of whether TB level or CBG level feedback is expected. TB level feedback can be achieved by repeating the same value over all the feedback bits.

Proposal 3: For the case of HARQ-ACK multiplexing, TB level HARQ-ACK is supported (either by DCI Type or indication in the DCI).
Proposal 4: For semi-static HARQ-ACK codebook and HARQ-ACK multiplexing, the same number of HARQ feedback bits per TB is reported regardless of TB level or CBG level feedback.

2.3 HARQ-ACK codebook for multiple PDSCHs
It has been agreed in RAN1#88bis [2] to support HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers. Furthermore, multiplexing is beneficial for possible future operation of multiple BWPs. As a result, NR needs to consider HARQ-ACK multiplexing needs for multiple PDSCHs. Like LTE, this will require acknowledging multiple PDSCHs with a single HARQ feedback message, with the need to consider the impact of the additional granularity of CBG-based scheduling on HARQ design. 
Like LTE, both semi-static as well as dynamic HARQ-ACK codebook design for multiple aggregated PDSCHs should be considered. For the semi-static case, the total codebook size is determined by the number of configured cells (component carriers), as well as the number of configured CBGs and HARQ timing. Semi-static codebook can be especially useful for the case of fixed HARQ-ACK feedback timeline. In such a case, the number of scheduling occasions tied to a feedback resource is fixed and thus the expected feedback payload can be more stable. Semi-static codebooks can be achieved by using Proposal 4, where regardless of the level of feedback or the number of CBGs in a TB, all TBs for all CCs assume the same number of feedback bits. However, this design can lead to high UCI payload on the PUCCH under certain scenarios, for e.g., many configured CBGs per TB, high number of configured carriers, large number of slots etc. Techniques to reduce UCI payload size such as a dynamic codebook design should be considered. When considering a dynamic codebook design, existing DAI functionality can be reused to allow for identification of missed DL assignments. However, existing DAI functionality is unable to cover the case of missed DL assignments across all PDSCHs if the various TBs (PDSCHs), have a different number of scheduled CBGs. One solution to address this issue is to utilize a fixed HARQ-ACK feedback size for each cell, which can be based on the maximum number of configured CBGs across all PDSCHs. This can be a direct extension of TM switching in LTE, where 2 HARQ-ACK bits are transmitted for each scheduled cell if at least one of these cells is MIMO TM. The downside of such an approach, is that this may lead to unnecessary increase in HARQ payload size, resulting in inefficient usage of UL resources. One way to reduce the UCI payload size is to consider HARQ-ACK feedback for the scheduled CBGs only (as opposed to all configured CBGs). To support this, one can consider a modified DAI design, wherein a DAI value can indicate the number of feedback bits for each DCI. For example, the interpretation of the DAI may depend on whether the feedback is TB level or CBG level. This could help reduce UCI payload, possibly at the cost of increased DCI size. Based on the above discussion we propose the following.
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Proposal 5: Consider both semi-static and dynamic codebook design for multiple PDSCHs.
Proposal 6: Support HARQ-ACK feedback only for the scheduled CBGs for dynamic codebook design.

Summary
In this contribution, we discussed additional details regarding UE HARQ feedback and HARQ codebook design considerations for multiple PDSCHs. Based on our discussion we propose the following:
Proposal 1: When TB-level HARQ feedback is supported for CBG based (re)transmission, following options should be considered: (i) use all NACK of CBG-level HARQ-ACK bits, (ii) additional bit for TB level HARQ feedback, (iii) different PUCCH formats for CBG and TB-level feedback options. 
Proposal 2: The UE is indicated whether to report TB level only, or CBG level feedback in DCI.
Proposal 3: For the case of HARQ-ACK multiplexing, TB level HARQ-ACK is supported (either by DCI Type or indication in the DCI).
Proposal 4: For semi-static HARQ-ACK codebook and HARQ-ACK multiplexing, the same number of HARQ feedback bits per TB is reported regardless of TB level or CBG level feedback.
Proposal 5: Consider both semi-static and dynamic codebook design for multiple PDSCHs.
Proposal 6: Support HARQ-ACK feedback only for the scheduled CBGs for dynamic codebook design.
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