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1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction 
At the RAN1 NRAH2 meeting, following questions regarding CBG-based retransmission have been discussed and were captured in an email discussion on [NRAH2-08].
	Email approval until 13th July about followings to have down selection – Jeongho (Samsung)
· For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 
· Option 1. RRC signaling (for bit-field size)
· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 
· Option 3. both Option 1 and Option 2 
· [bookmark: OLE_LINK52][bookmark: OLE_LINK58]To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration
· For DL CBG-based (re)transmission, when information on which CBG(s) is/are (re)transmitted is configured to be included in the DCI, the following options are considered for down-selection in RAN#90.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted 
· Option 2. There is separate 1-bit bit-field for TB-level NDI.
· [bookmark: OLE_LINK59][bookmark: OLE_LINK54][bookmark: OLE_LINK53]When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 
· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 
· Option 2. Use all NACK of CBG-level HARQ-ACK bits
· Option 3. Use different PUCCH format or PUCCH resource
· For HARQ-ACK codebook for CBG-based retransmission, the following options are considered for down-selection in RAN1#90.
· Option 1. Dynamic codebook determination for multiple PDSCHs
· Option 2. Semi-static codebook determination for multiple PDSCHs
· Option 3. both Option 1 and Option 2 by configuration



[bookmark: OLE_LINK140][bookmark: OLE_LINK139][bookmark: OLE_LINK56][bookmark: OLE_LINK55][bookmark: OLE_LINK57]In this contribution, we discuss how to determine the number of CBG HARQ-ACK bits per TB, and the support of TB-level HARQ-ACK feedback when CBG-based (re)transmission is configured.
2. Discussions
2.1 Determination of the number of CBG HARQ-ACK bits per TB
On this issue, it is summarized as following in the email discussion:
	· To determine the number of CBG HARQ-ACK bits per TB, the following options are considered for down-selection in RAN1#90.
· Option 1. A UE transmits HARQ-ACK bits only for scheduled CBGs.
· “scheduled CBGs” means the CBGs scheduled in a (re)transmission
· Option 2. A UE transmits HARQ-ACK bits for indicated CBGs.
· FFS: “indicated” is realized by RRC, MAC, L1 signalling
· Option 3. both Option 1 and Option 2 by configuration



[bookmark: OLE_LINK67]
For Option 1, it can effectively save HARQ-ACK overhead, but some considerations should be taken if the gNB has a HARQ-ACK detection error. For example, assume that the UE is configured with 8 CBGs, but a TB containing 4 CB  is initially transmitted and is divided into 4 CBGs (CBG0, CBG1, CBG2, and CBG3). Assume further, that at the UE side CBG0 and CBG1 are decoded correctly, but CBG2 and CBG3 are failed. Then, the UE will transmit “AANN” for the scheduled CBGs based on Option 1 as their HARQ-ACK feedback. At the gNB, if a NACK-to-ACK error happens, for example, the gNB decodes the HARQ-ACK as “AAAN”, the gNB may only retransmit the CBG3 to the UE.. Assuming that the UE then receives the CBG3 correctly, it will transmit a single “ACK” of the scheduled CBG3. Assume that the gNB receives this “ACK” correctly, then the gNB may consider that the UE has decoded all the CBGs of the transmitted TB correctly, even if the UE in fact did not decode all CBS correctly. 
In order to solve this problem, as well as to improve the HARQ-ACK robustness, the HARQ-ACK for the CBG retransmission can be based on the number of scheduled CBGs in the initial transmission. As for the above mentioned example, the UE will transmit “AANA” for the retransmission. For the unscheduled CBGs, the UE will set the same HARQ-ACK states as in the initial transmission. And at the gNB, if it decodes the HARQ-ACK correctly, it will know that the UE has failed to decode CBG2 and will retransmit CBG2 in the following occasion. 
For Option 2, the above mentioned issue may not exist, but the overhead of Option 2 is relatively large compared to Option 1, especially when the number of scheduled CBGs is smaller than the number of configured CBGs. For example, the UE will always have to transmit 8 bits HARQ-ACK in the above example. The HARQ-ACK overhead may become even larger if the UE is configured with CA and multiple TBs. Therefore, Option 2 is not preferred from the HARQ-ACK overhead point of view. 
[bookmark: OLE_LINK25][bookmark: OLE_LINK74][bookmark: OLE_LINK69][bookmark: OLE_LINK70]Proposal 1: When CBG-based (re)transmission is configured, the HARQ-ACK bits number for the (re)transmission is always determined by the number of CBGs scheduled in the initial transmission.
1 
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2.2 Support of TB-level HARQ-ACK
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK129][bookmark: OLE_LINK128]Considering that the target BLER of the initial PDSCH transmission is set to 10%, then in about 90% of the cases, the UE would transmit HARQ-ACK with all “ACK” if CBG-based HARQ-ACK feedback is configured. This will increase the HARQ-ACK overhead significantly and is an inefficient way for HARQ-ACK feedback. It requires more UCI overhead and more PUCCH resources compared to the TB-based HARQ-ACK. Only in case when  “NACKs” happen, the CBG-based HARQ-ACK feedback is useful. Therefore, in our opinion it is necessary to introduce a dynamic switch between TB-based and CBG-based feedback based on the UE reception in order to further improve efficiency. For example, TB-based HARQ-ACKs and CBG-based CBG-ACKs can be configured to share the same time/frequency resource, but they can be distinguished by different PUCCH formats. A UCI payload of 1~2 bits can be used for the TB-based HARQ-ACKs. This transmission can be performed on separate resources to save overhead and energy if the TB has been decoded correctly. In case that the TB has not been received correctly, the PUCCH format with more than 2bits can be used. In such situation, CBG-based HARQ corresponding to the decoding results of each CBG will be sent. Figure 1 below illustrates the feedback procedure for this method. Following this method, the UE power consumption can be decreased, or alternatively, the coverage can be increased. For similar power consumption, the TB-based HARQ-ACK will have better performance relatively to CBG-based HARQ-ACK, due to fewer HARQ-ACK bits that are needed. In order to achieve the same coverage for TB-based HARQ-ACK and CBG-based HARQ-ACK, the TB-based HARQ-ACK requires less power which helps to reduce the uplink interference. As a consequence, the power consumption of the UE and the UL interference will be dramatically reduced since TB-based HARQ-ACK feedback has lower working point and will frequently happen. It is acknowledged that this procedure slightly increases the detection complexity of the base station. However, this can be overcome with a proper design and is outweighed by the benefits associated with this method. 
It is noted that, according to current agreements, the PUCCH with large payload will not support multiplexing among different UEs within a certain time and frequency resource. Therefore, configuring the same time/frequency resource for TB based feedback and CBG based feedback for one UE will not cause any negative impact.



Figure1 - TB/CBG based HARQ-ACK feedback procedure

Extension of described method:
In some cases, for example, when the HARQ-ACK and other UCIs are transmitted from the UE at the same time, the total number of bits in the UCI will become larger than 2. Therefore, a PUCCH format greater than 2 bits is always enabled. In this case, if the UE still would execute the previously described method it will lead to a resource waste and also to the need to transmit two PUCCH resources at the same time which would increase the PAPR. In order to avoid this situation the previously described method could be extended: 
The UE should be configurable to dynamically select CBG-based HARQ-ACK/NACK or TB-based HARQ-ACK/NACK. If the UE knows that it will transmit HARQ-ACK and other UCIs simultaneously in one slot, it will generate the HARQ-ACKs based on the CBG and will transmit it along with other UCIs, regardless of whether all CBG are correctly decoded or not. The base station always knows whether other UCIs and HARQ-ACKs are transmitted from the UE, since this is up to gNB configuration. If the base station determines that the UE will need to transmit HARQ-ACK and other UCIs in a slot, the base station assumes that the HARQ-ACK in this feedback is formed based on CBG. The extended scheme is illustrated in Figure 2 below.


Figure 2  TB/CBG based HARQ-ACK with/without other UCI feedback process
[bookmark: OLE_LINK72]Proposal 2: RAN1 should support the possibility of CBG based feedback together with TB-based feedback. 
Proposal 3: RAN1 should consider supporting dynamic feedback based on TB or CBG HARQ-ACK.
Considerations about UL load associated with CBG feedback: 
The CBG based feedback could imply a high signalling load.  To unambiguously assign resources for each UE to send CBG feedback might not always be possible. One could therefore also consider an alternative method, resource sharing between multiple UEs to overcome possible bottlenecks. In such case, to ensure reliability, TB-based ACK/NACK would always be transmitted, using the 1-2 bits PUCCH format with high multiplexing capacity. Additionally, in case of a TB-NACK, the CBG-NACK feedback would be sent simultaneous with the TB-NACK. Considering the low probability of a TB-NACK, in most cases, just one UE at a time would utilize the shared resources to send CBG-NACK. If the gNB detects the CBG-NACK successfully it will only retransmit the failed CBGs. In case of an unlikely collision, the gNB might not be able to decode the CBG-NACK and will then resend the whole TB. This method could be considered as a trade-off between DL throughput and UL signalling.    
3. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: When CBG-based (re)transmission is configured, the HARQ-ACK bits number for the (re)transmission is always determined by the number of CBGs scheduled in the initial transmission.
Proposal 2: RAN1 should support the possibility of CBG based feedback together with TB-based feedback. 
Proposal 3: RAN1 should consider supporting dynamic feedback based on TB or CBG HARQ-ACK.
4. Reference
[1] 3GPP Chairman's Notes RAN1_89_final
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