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1 Introduction

At the RAN1 NR Ad-Hoc Meeting and RAN1#88 Meeting, the following agreements and working assumption related to HARQ operation were approved [1][2]:
Agreements:
· HARQ-ACK feedback with one bit per TB is supported.
Working assumption:

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have 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 the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB
· CBG granularity is configurable
Based on the above working assumption, CBG-based feedback and retransmission is discussed in this contribution. Especially, analysis on feedback size (CBG number) and related DCI design are provided.
2 CBG-based feedback and retransmission
In LTE systems, the transport block (TB) is the basic transmission unit for physical layer. After padding CRC, a TB is segmented to several code blocks (CB) according to the maximum CB size limitation (e.g., 6144 bits for LTE). Then 24-bit CRC sequence is attached to each CB so that each code block can be decoded independently. The maximum size of single TB mapped to one-layer and four-layer spatial multiplexing are 97896 bits and 391656 bits respectively (under MCS=28 and 110 PRBs in current LTE TBS table) for a 20 MHz carrier bandwidth. They are equivalent to 16 CBs and 64 CBs. Because one HARQ-ACK bit feedback is used for one TB, all CB’s would be retransmitted even only one CB is erroneous. It might cause unnecessary retransmission of some CBs. 
In NR with more requirements for eMBB, larger bandwidth or RB number, and more OFDM symbols per scheduling unit (e.g., slot aggregation) are introduced. As an example, it is agreed in previous meeting that the maximum number of subcarriers per NR carrier is 3300 or 6600 in Rel-15. Thus, the maximum TBS may exceed the current limitation (e.g., 391656 bits for LTE) and more CBs will be segmented from one TB. 
To avoid unnecessary retransmission of successfully decoded CBs, most efficient way is to introduce HARQ-ACK feedback for each CB. However, it would lead to too high overhead, especially when the number of CBs is large. Instead, we can divide one TB into N CB groups (CBG), each of which consists of one or several CBs. 1 bit HARQ-ACK feedback per CBG can be used. Only if all CBs within a CBG are decoded correctly, then 1 bit ACK associated with this CBG is feedback. Otherwise, 1 bit NACK is feedback and this CBG needs to be retransmitted. This CBG-based HARQ-ACK feedback can balance retransmission efficiency and feedback cost through configuring CBG size. Figure 1 illustrates an example of CB grouping method where every four CBs form a group.
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Figure 1. An example of CBG-based HARQ-ACK feedback
Proposal 1: At most 1 bit HARQ feedback per CBG should be supported in NR. 
3 Multi-bit feedback
Whether/when to support multiple bit feedback should at least consider the following factors
· Spectrum efficiency or throughput performance

· Feedback overhead
· TBS or CB number
· UL coverage

· Codebook size or payload limitation of UCI.
Only if obvious spectrum efficiency or throughput gain can be achieved, multiple bit feedback is deserved. One valuable case is that with medium or high Doppler and relative long TTI. Because different CBGs suffer from different channel quality, one or few CBG error occurs with high probability. Besides high Doppler, inaccurate CQI measurement and burst interference from other cells may also enlarge the gain. However, considering the UL feedback overhead, the maximum feedback bit number or CBG number per TB should be limited to a small value, e.g., not exceed 4.
Obviously, multiple bit feedback is designed for relative large TB. Legacy TB HARQ-ACK feedback is enough for the TB consisting of 1 CB. For large TB consisting of several CBs, the actual feedback bit number can be derived based on the CB number and CBG granularity. One possible definition of CBG granularity is the maximum CB number per CBG. In Figure 1, granularity of 4 is used. Considering flexibility, the CBG granularity can be configured semi-statically. 
On the other hand, it should be supported to fall back to 1 bit feedback when the UL coverage, payload of UCI or codebook size is limited. Especially, short duration PUCCH will carry only some UCIs with low payload size for NR. Considering aggregated HARQ-ACK feedback of multiple TBs in same UL slot (e.g., aggregated feedback of multiple carriers or multiple DL slot transmissions) and other UCI types (e.g., SR/RI(CRI)/PMI/CQI/BMI), the total payload may exceed the maximum payload limitation of UCI. For this case, similar to spatial bundling in LTE, falling back to 1 bit feedback per TB is a good choice.
Proposal 2: Limit the maximum feedback bit number per TB to a small value, e.g. no more than 4.

· The determination of the exact value should take the following into account

· TBS
· Payload or codebook size limitation of UCI
4 False alarm issue for CBG-based feedback 
For PDSCH or PUSCH transmission in legacy LTE systems, dual-loop CRC operation is used. Specifically, TB CRC is firstly attached to a TB before TB segmentation, and CB CRC is attached to each CB that are derived from TB segmentation, respectively. CB CRC is mainly used to early terminate the decoding process once the UE wrongly decodes at least one CB in order to save UE power. TB CRC is used to achieve low probability of false alarm, e.g., the CB CRC may be all passed but the TB CRC fails in which case the UE needs to report a NACK to the whole TB. In this case, there must be occurrence of false alarm for at least one CB CRC or TB CRC, even though both UE and gNB cannot know exactly the false alarm occurring to which CB(s). 
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Figure 2. Example for false alarm in CBG based feedback and retransmission
The similar false alarm issue should be considered for the CBG-based feedback and retransmission. For example as shown in Figure 2, a TB is divided into 4 CBGs, and the UE successfully decodes CBG 2 and CBG 3 but fails to decode CBG 1 and CBG 4, e.g., CB CRCs for CBG 1 and CBG 4 are not passed. Then, gNB retransmits CBG 1 and CBG 4 to the UE, and the UE successfully decodes the retransmitted CBGs, e.g., performing HARQ combining with the initial transmission. However, the UE combines all CBGs whose CB CRCs are all passed previously to check the TB CRC but the TB CRC fails to be passed. Therefore, this issue should be taken into account for the CB/CBG based HARQ feedback and retransmission. 

Proposal 3: The false alarm issue for CB/CBG decoding check should be considered for CBG-based HARQ feedback and retransmission. 
5 DCI design
For initial transmission, whole TB is transmitted, which is same as that in LTE. For TB-based retransmission (1 bit feedback is used or all CBGs should be retransmitted with multiple bit feedback), whole TB is retransmitted. Thus, there is no any additional DCI cost for initial transmission and TB-based retransmission. However, considering robustness and flexibility, at least which CBG(s) is(are) retransmitted should be indicated in DCI for CBG-based retransmission. Obviously, the DCI design should be suitable for initial transmission, traditional TB-based retransmission and CBG-based retransmission to minimize the number of DCI format and blind detection. Besides, the additional DCI cost also should be minimized.
Proposal 4: The CBG(s) index should be indicated in DCI of CBG-based retransmission, but not necessary in DCI of initial transmission and TB-based retransmission. 
6 Conclusions
In this contribution we discussed the CBG-based HARQ-ACK feedback. According to the above discussions, we have the following proposals:
Proposal 1: At most 1 bit HARQ feedback per CBG should be supported in NR. 
Proposal 2: Limit the maximum feedback bit number per TB to a small value, e.g. no more than 4.

· The determination of the exact value should take the following into account

· TBS
· Payload or codebook size limitation of UCI
Proposal 3: The false alarm issue for CB/CBG decoding check should be considered for CBG-based HARQ feedback and retransmission. 
Proposal 4: The CBG(s) index should be indicated in DCI of CBG-based retransmission, but not necessary in DCI of initial transmission and TB-based retransmission. 
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