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1 Introduction

In RAN1#90, following agreements were achieved for the CBG based HARQ-Ack/Nack. 
Agreements:
· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s))
· At least followings are supported
· HARQ-ACK payload size is the same with the configured number of CBGs

· Each HARQ-ACK bit corresponds to each CBG
· FFS payload size reduction

· ACK is reported for a CBG if the same CBG has been successfully decoded

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs
This contribution is revised from R1-1716066, and in this contribution, HARQ-ACK payload size reduction is discussed. 
2 Discussion
Considering link adaption is applied, a CBG is supposed to be correct with a high probability, e.g., ~90% and as a result, with majority TBs correct, it is more efficient to use a single Ack bit for all correct TBs. The UE can select either TB-level or CBG-level Ack/Nack according to its local Ack/Nack results, and if a whole TB is correct or (nearly) all CBGs of a TB are incorrect, TB-level Ack/Nack can be used, otherwise CBG-level Ack/Nack should be used.  
Proposal 1: it is proposed to let the UE to select between TB-level and CBG-level HARQ-Ack/Nack. 
For CBG A/N multiplexing for CA and cross-slot scheduling, there could be two options, one is based on TTI and the other is based on HARQ process. Two options are discussed below. 
2.1 Ack/Nack designs
2.1.1 TTI based
Similar as in LTE, the UE gives the Ack/Nack feedback of each TTI and the gNB will finish the mapping between TTI and the corresponding HARQ process. A more general case with multiple TTIs’ Ack/Nack bits in one UCI is considered below in example of Figure 1. 
· TTI i – a new TB of HARQ process #j is received, 2 CBGs are incorrectly received not because of pre-emption;
· TTI i+1 – nothing is received (no DCI or all CBGs are incorrectly received);

· TTI i+2 – a new TB of HARQ process #k is received, 2 CBGs are incorrectly received because of pre-emption;

· TTI i+3 – a new TB of HARQ process #l is received, all 3 CBGs are correctly received;

· TTI i+4 – a number of CBGs of an old TB of HARQ process #k are received and no Ack/Nack bit is transmitted for this TTI;

· TTI i+5 – a number of CBGs of an old TB of HARQ process #m are received and Ack/Nack bits were transmitted for those CBG(s) not indicated for transmission. 
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Figure 1 Multi-TTI based HARQ-Ack/Nack

As shown in Figure 1, Ack/Nack bits of all 6 TTIs are transmitted in UCI 0. A two-level Ack/Nack design is proposed with high level bits to give a TB-level feedback and low level bits to give a CBG-level feedback. 
The proposed high level bits include 1 TB-level Ack/Nack bit for each TTI. The high level bits of the example in Figure 1 are given in Figure 2. For TTI i+2, two CBGs in this TTI are incorrect due to preemption so “Nack” is indicated while in TTI i+4, all CBGs including one indicated but not retransmitted are correctly received so “Ack” is indicated. Detailed designs for low level Ack/Nack bits can be found in Section 2.1.3.  
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Figure 2 Two-level Ack/Nack design for TTI based option
2.1.2 HARQ process based

It is also possible to produce the Ack/Nack bits for each HARQ process. As shown in Figure 3, a single high level bit is allocated to each HARQ process and, by following the same procedure, the values can be set accordingly. HARQ process j has two missing CBGs and the high level bit is set to “0” so does HARQ process m which has one missing CBG. Both HARQ processes k and l have no missing CBGs and both are expecting to receive a new TB so their high level Ack/Nack bits are both set to “1”. Low level Ack/Nack bits can be used to refine the feedback and detailed designs can be found in Section 2.1.3.   
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Figure 3 Two-level Ack/Nack design for HARQ process based option
2.1.3 Low level Ack/Nack

Only those TBs indicated as “Nack” are provided with low level Ack/Nack bits. Two designs for low level Ack/Nack bits are discussed. The same example of 3 CBG per TB is assumed as in Figure 1. 

2.1.3.1 Option A: Bitmap
For the TTI based option, low level Ack/Nack bits can be given to TTI i and TTI i+5, 3 bits can be used to indicate the index of each TTI and another 3 bits can be used as a bitmap to indicate 3 CBGs. Totally 12 bits required for two “Nack” TTIs’ low level bits. 
The whole Ack/Nack payload will be “000110 (high level)” + “000 100 (low level of TTI i) + 101 011 (low level of TTI i+5)”. The drawback of this option is that the number of low level bits could be huge when the number of CBGs per TB is too big. 
2.1.3.2 Option B: Binary tree
For the 4 “0” of the TTI based option in Figure 2, no low level bits are required for TTI i+2 as the incorrect CBGs are already received successfully in TTI i+4. The other 3 TTIs totally have 9 CBGs which are indicated by a binary tree. Similar as the binary search algorithm, this option use a binary tree to indicate the incorrect CBGs. The 9 CBGs 0 are first split into left and right two halves, the first 4 CBGs and the last 5 CBGs, 1 Ack/Nack bit is allocated to each half and its value is set to “1” if all included CBGs are correct otherwise set to “0”.  The half indicated as “0” is further split into two halves which are indicated with another two Ack/Nack bits with values set in the same way as in the last step. This procedure is repeated until each incorrect CBG is clearly indicated and in the end, an upside-down binary tree is obtained. If all CBGs 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 4, after 3 steps all incorrect CBGs are clearly pointed out. The Ack/Nack bits are read row by row and totally 14 bits are produced in this example. 
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Figure 4 CBG based Ack/Nack for Option B
The benefit of this option is that the produced Ack/Nack bits can be cut anywhere according to the permitted payload size, and the front n bits only are transmitted, where n is the permitted number of low level bits. At the gNB side, all discarded bits will be assumed as “0” to rebuild the binary tree. Obviously, less incorrect CBGs can be indicated with more bits discarded. Option B is more suitable when the number of cross-scheduled TTIs is not fixed. 
Proposal 2: it is proposed to reduce the Ack/Nack payload size for the CBG A/N multiplexing for CA and cross-slot scheduling by supporting a two-level indication. 
Multiple PUCCH formats may be configured to the UE, and the UE can select the proper format according to the encoded Ack/Nack payload size. For instance, when all CBGs of all TBs are correct or incorrect, the Ack/Nack payload has the smallest size or when some CBGs of some TBs are incorrect but the UE may report TB-level Nack for these TBs if the loss due to unnecessary is marginal. 
Proposal 3: it is proposed to support to configure at least two PUCCH formats for the same UE, one for TB-level Ack/Nack and the other for CBG-level Ack/Nack. 

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 Ack/Nack report with one for the TB level and another for the CBG levels. 
Based on above discussions, we have the following proposals: 

Proposal 1: it is proposed to let the UE to select between TB-level and CBG-level HARQ-Ack/Nack. 
Proposal 2: it is proposed to reduce the Ack/Nack payload size for the CBG A/N multiplexing for CA and cross-slot scheduling by supporting a two-level indication. 
Proposal 3: it is proposed to support to configure at least two PUCCH formats for the same UE, one for TB-level Ack/Nack and the other for CBG-level Ack/Nack. 

