3GPP TSG RAN WG1 Meeting #89
R1-1709013
Hangzhou, P.R. China, May 15th-19th, 2017
Agenda Item:
7.1.3.3.5
Source:
InterDigital Inc.
Title:
Code Block based HARQ for NR
Document for:
Discussion, Decision

1 Introduction

During the NR study item phase, HARQ feedback was discussed extensively. Section 6.2.2 of TR 38.802 summarizes the relevant agreements. From a UE perspective, 1-bit HARQ ACK/NACK feedback per transport block (TB) is supported. Further, HARQ feedback for multiple DL transmissions in time can be transmitted in one UL data/control region [1]. In RAN1#88bis, it was agreed that Code Block Group (CBG)-based transmission with single/multi-bit HARQ-ACK feedback is supported with the following characteristics: 
· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB. In such case, UE reports single HARQ ACK bit for the TB

· CBG can include one CB

· CBG granularity is configurable
· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.
Further, it was agreed that [3]:

· A TB is segmented into multiple CBs, if TBS > KCB, max – LTB, CRC
· CBs may be grouped to CBGs, which may contain different numbers of CBs for a single TB

· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded

As stated in section 6.2.1 of TR 38.802, an indication of URLLC transmission overlapping resources scheduled for an eMBB UE in downlink can be dynamically signalled to the eMBB UE to increase the likelihood of demodulation and decoding of the eMBB TB [1]. This contribution discusses further aspects of CBG based HARQ retransmissions and multi-bit HARQ feedback.
2 Discussion

2.1 CBG Based HARQ Retransmissions
eMBB data rates are anticipated to be substantially large in millimetre wave spectrum. This is made possible by transmitting a large number of bits in one or multiple TBs per TTI. The number of CBs per TB can be substantially larger than in LTE, as the largest info block size supported by an LDPC encoder is agreed to be 8192 bits [2]. Acknowledging a large TB using a single HARQ feedback bit could lead to many unnecessary retransmissions of correctly decoded CBs. Therefore, enriched multi-bit HARQ feedback is useful to facilitate retransmission of a subset of the CBs initially transmitted. Further, to satisfy URLLC latency requirements in sub-6 GHz frequency bands, URLLC traffic may pre-empt eMBB services through puncturing of eMBB scheduled resources or superposition coding. This can cause a subset of eMBB CBs to fail, which would require a retransmission of all eMBB CBs in the TTI if single-bit HARQ feedback is used. 
 Therefore, the transmitter can retransmit only failed CBs/CBGs in response to CB-based HARQ feedback. The transmitter may further use adaptive HARQ retransmission to improve the residual BLER of the retransmitted subset of CBs, using improved resource allocation for example. In addition, soft combining can be used on a per-CB basis, where the UE may leverage the indication issued by the gNB about URLLC interference to exclude the soft-bits impacted by interference when soft-combining.
As per the agreement on CBG-based HARQ, only retransmissions of CBs part of the same TB of a HARQ process is allowed. Therefore, fewer resources are needed for CBG based retransmissions, as fewer bits are retransmitted relative to the TB size. In order to maximize the cell’s spectral efficiency, it shall be possible to reuse resources used for the initial transmission to transmit more than one TB transmitted, either to different UEs or to the same UE but on separate HARQ processes. Adaptive asynchronous HARQ operation makes it possible to schedule retransmitted CBs on a mini slot or a smaller number of PRBs. This is illustrated in Figure 1 for an eMBB UE exhibiting URLLC interference on a seven-symbol slot, with the use of multi-bit HARQ feedback. In this example, the DL transmission following the reception of multi-bit feedback includes CBs of a first TB being retransmitted along with CBs of a second TB, which can be destined to another user. For this reason, it is necessary to allow a HARQ entity to have multiple active HARQ processes concurrently.
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Figure 1: Illustration of using multi-bit HARQ feedback to retransmit a subset of DL eMBB CBs initially transmitted

Proposal 1:
A CBG based retransmission may use a resource of different transmission duration or number of PRBs relative to the first transmission.
2.2 CB Grouping and Mutli-bit HARQ Feedback Design
Multi-bit HARQ feedback for a downlink transmission can be sent either on the NR-PUCCH or NR-PUSCH, depending on the payload size. Transmitting a large feedback payload on the PUCCH may consume a lot of capacity of the uplink control channel and create additional interference on it. Hence, dynamic scheduling of the resource used to report the HARQ feedback of a considerable payload can be advantageous. 

With multi-bit HARQ feedback, the receiver can report A/N for a single CB or a CB group (CBG). One CBG can be as small as one CB or as large as the whole TB; grouping of CBs is configured semi-statically by RRC. If the UE is configured by RRC to enable CBG-based retransmissions, it should implicitly enable multi-bit HARQ feedback in correspondence.

Proposal 2:
A UE configured by RRC to enable CBG-based retransmissions may use multi-bit HARQ feedback for CBG-based retransmissions.
In general, it is useful to group code blocks according to the TB size. For example, it may be useful to use a large number of groups in the first transmission then reduce the number of groups in subsequent retransmissions, since the number of CBs involved decreases over retransmissions due improving residual BLER, especially upon using per-CB soft combining. In the context of downlink URLLC/eMBB preemption, the gNB may configure the number of groups according to the number of code blocks that fit into a symbol or two within the scheduled resource, with the aim of minimizing the number of code blocks retransmitted.

Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.
It can be useful to use multi-bit feedback in the first transmission then single-bit in subsequent retransmission, since the number of CBs involved is lower and per-CB soft combining can be used. Conversely, if the channel quality is expected to be uniform across CBs or if there is not a lot of pre-emption or bursty interference, a single bit could be used from the first transmission. In such case, the network may start with a TB-based transmission then switch to CB-based HARQ if a NACK is received.
Proposal 3:
For each HARQ (re)-transmission, the gNB signals on the DCI the feedback type; TB-based single-bit HARQ feedback or CB-based multi-bit feedback.
With respect to the CB grouping options in the agreement from RAN1#88bis, we analyse each option separately:

Option 1 requires a fixed number of CB groups over transmissions and retransmissions, where the number of CBs in a CBG changes according to the number of (re)-transmitted CBs. Such option may result in excessive grouping for retransmissions, as the number of CBs involved decreases over retransmissions due improving residual BLER.
Option 2 requires a fixed number CBs per group over transmissions and retransmission, which requires all groups to have the same size in terms of number of CBs. There are some issues with this option: it is in conflict with the agreement from channel coding, which states that “CBs may be grouped to CBGs, which may contain different numbers of CBs for a single TB”. Further, requiring the number of CBs per group to be the same places some restrictions on the transmitter when grouping CBs, as it may result in grouping CBs across symbol boundaries to meet the necessary number of CBs per group.

Option 3 states that the number of CBGs and/or the number CBs per CBG are defined according to TBS, which takes into account the number of CBs involved for each (re)-transmission. 
One discussion point that was addressed last meeting for CB grouping options 1 and 3 is the handling of NACK to ACK errors, whereby a NACK is misinterpreted as a ACK for a CBG though the UE may have indicated a NACK for that CBG. In such case, the CBG is not retransmitted and recovering the CBG may be an issue if the number of feedback bits is not kept constant to reflect the original number of groups. 
Observation 2:
Changing the number CBs per group for a retransmission creates a CBG recovery issue in the event of NACK-to-ACK errors.

Therefore, in order to avoid resorting to stringent power control or repetition coding on the HARQ feedback codebook to meet a certain NACK-to-ACK error probability, the number of multi-bit feedback bits and the number of CBs per group shall be kept constant for retransmissions. This applies only if the network did not indicate TB-based HARQ for the retransmission, as the NACK-to-ACK error are not an issue then, because the UE can report a NACK for the whole TB using a single bit. Further, In the case where the number of CBs involved in a retransmission is small, the gNB may decide to switch to TB-based single bit HARQ feedback.
Proposal 4:
The number of multi-bit feedback bits and the number of CBs per group should not be changed across CBG-based retransmissions.
In addition to the aforementioned CB static grouping options, a non-static grouping of CBs can be useful in the context of URLLC interference, according to the number of PRBs the TB is scheduled on. The transmitter may group CBs per symbol or per two symbols with the aim of minimizing grouping across symbol boundaries, provided enough CBs are contained per group. Therefore, grouping CBs solely based on the TB size may not be optimal. The grouping in such case may be implicitly indicated to the receiver through masking the CRC attached to each CB for example.
3 Conclusion

In this contribution, CB-based HARQ and multi-bit HARQ feedback were discussed, including motivation and design aspects. The following is observed and proposed:
Proposal 1:
A CBG based retransmission may use a resource of a different transmission duration or number of PRBs relative to the first transmission.
Proposal 2:
A UE configured by RRC to enable CBG-based retransmissions may use multi-bit HARQ feedback for CBG-based retransmissions.
Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.

Proposal 3:
The gNB can switch between TB-based single-bit HARQ feedback and CB-based multi-bit feedback, via DCI signalling.
Observation 2:
Changing the number CBs per group for a retransmission creates a CBG recovery issue in the event of NACK-to-ACK errors.

Proposal 4:
The number of multi-bit feedback bits and the number of CBs per group should not be changed across CBG-based retransmissions.
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