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1 Introduction

In RAN1#88bis [1], following agreements were achieved for the CBG based HARQ-Ack/Nack. 
Agreement:

· Confirm the working assumption as below.
· 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
Agreement:

· 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
In this contribution, some further considerations are discussed specifically for the ACK/NACK design. 
2 Discussion
One lesson learned from LTE is that when the TBS is big, to retransmit the whole TB is highly inefficient with normally only a few CBs of a TB are incorrect. For NR, as pointed out in [2], there could be hundreds of CBs per TB which is much more than LTE and this makes CBG based HARQ-Ack/Nack more attractive for NR. At the same time, by allocating one Ack/Nack bit to each CBG (a group of CBs) may result in a much bigger overhead for Ack/Nack bits and from this point of view, the CBG size needs to be configured by balancing well between the transmission efficiency and the HARQ-Ack/Nack overhead.
One side the CBG size is preferred to be as small as possible which will result in a big number of Ack/Nack bits per TB. Depending on the number of HARQ processes supported, multiple TBs’ Ack/Nack bits need to be included in one UCI, and it is inefficient to allocate the same number of Ack/Nack bits to each TB. In most cases, a TB is correct due to the link adaptation algorithm so a single bit can be allocated to each TB first to reduce the overall Ack/Nack payload size and additional bits can be used to refine the feedback/retransmission granularity of incorrect TB(s). 
Two designs are discussed below. An example of DL transmission with 5 HARQ processes is used, and each TB has totally 40 CBs which are grouped into 4 CBGs. 

2.1 Option A

In this option, a similar design as RIV of LTE PRB allocation is used, and for each TB, all CBs from the first incorrect one to the last incorrect one are reported all as Nack and they are indexed by a combination of a starting position and a length. 
An example is given in Figure 1, two CBs, #12 and #17 (in red, all others are correct in green below), in TB#2 are incorrect so the starting position is #12 and the length is and similar as RIV, they can be jointly coded with totally 10 bits for each incorrect TB. The final output bits are “11011” + 10 bits “incorrect CBs indicator” which is totally 15 bits. Obviously, if errors happen in all 5 TBs, the maximum number of Ack/Nack bits will be 55 (= 5 + 10 * 5). 
In this example, 6 CBs will be retransmitted including 4 correct CBs, which is not optimal but still better than to retransmit all 10 CBs of one CBG if a single bit is given to each CBG with a total Ack/Nack payload size of 20 bits. 

The number of transmitted Ack/Nack bits needs to be preconfigured and known by the data transmitter prior to the UCI decoding. If the number of produced Ack/Nack bits is smaller than this preconfigured size, padding bits can be added, and if the number of produced Ack/Nack bits is bigger than this preconfigured size, the extra bits can be discarded. For the discarded bits, the worst case will be assumed by the data transmitter which means all CBs not clearly indicated as Ack will be interpreted as Nack. 
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Figure 1 CBG based Ack/Nack for Option A
2.2 Option B

This option imitates the binary search algorithm to indicate the incorrect CBs. Same as Option B, first 1 Ack/Nack bit is allocated to each TB and then some additional bits are allocated to the incorrect TBs to further refine the feedback granularity. 
With exactly the same example, for the incorrect TB #2, all CBs together are first split into left and right two halves, the first 2 CBGs and the last 2 CBG, 2 Ack/Nack bits are allocated to these two halves and the value of each Ack/Nack bit is set to “1” if all included CBs are correct otherwise set to “0”.  The half indicated as “0”, the first 2 CBGs in this example, is further split into two halves which are indicated by another two Ack/Nack bits with values set in the same way as in the last step. This procedure is repeated until each incorrect CB is clearly pointed out and in the end, an upside-down binary tree is obtained. If all CBs in the current half are correct, the corresponding Ack/Nack bit is set to “1” and the procedure of this branch ends. As illustrated in Figure 2, after 5 steps the two incorrect CBs are clearly pointed out. The Ack/Nack bits are read row by row and totally 19 bits are produced in this example. 
With all 19 bits correctly received, the data transmitter can rebuild the binary tree and find out exactly the positions of the incorrect CBs. If the total payload size is limited by the allocated PUCCH resources, extra bits are discarded by the data receiver and all discarded bits will be assumed as “0” by the data transmitter when rebuilding the binary tree. Different from Option A which discards detailed Ack/Nack bits TB by TB, Option B discards the Ack/Nack bits from the most detailed to the less detailed evenly among TBs. 
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Figure 2 CBG based Ack/Nack for Option B
In this example, CB is used as the minimum granularity and to further reduce the Ack/Nack payload size, it can be considered to use CBG (a number of CBs) as the minimum granularity. 

For both options, a type of two-level indication is used, 1 bit is allocated to each TB in the first level and other bits are allocated to the incorrect TBs in the second level to further refine the feedback granularity. 
Proposal 1: it is proposed to optimize the Ack/Nack payload size for the CBG based HARQ by supporting a two-level indication. 

3 Conclusions
In this contribution, the Ack/Nack indication of the CBG based HARQ is discussed, and to reduce the Ack/Nack payload size, it is proposed to use a two-level indication with the TB level indicated first and the CBG/CB level of incorrect TBs further indicated with refined feedback granularity. 
Based on above discussions, we have the following proposal: 

Proposal 1: it is proposed to optimize the Ack/Nack payload size for the CBG based HARQ by supporting a two-level indication. 
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