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1. [bookmark: DocumentFor][bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction 
At the RAN1 #88b and #89 meeting, the following agreements were made regarding CBG-based retransmission [1][2]:
	Agreements:
· [bookmark: OLE_LINK126][bookmark: OLE_LINK127]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
Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 



[bookmark: OLE_LINK139][bookmark: OLE_LINK140]In this contribution, we discuss single/multi-bit HARQ-ACK feedback for CBG based (re)-transmissions.



2. Discussions
1 
2 
CBG-based Transmission with Single/Multi-bit HARQ-ACK Feedback
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Motivation
In LTE, one HARQ-ACK bit feedback is used for one Transport Block (TB), which consists of several code blocks (CBs). When the received TB is not correctly decoded, all CBs would need to be retransmitted, even if only one CB is erroneous. The retransmission overhead is proportional to the TB size (TBS). It is expected that the NR data throughput would be severely degraded in many important use cases when always the legacy one bit HARQ-ACK feedback is used. Furthermore, in NR systems, URLLC data pre-empting or overlapping with eMBB data transmissions could destroy some eMBB CBs. To re-transmit the whole eMBB-TB including the correctly decoded CBs would also degrade the transmission efficiency.
To alleviate the above problems, it is agreed in [2] that CBG-based transmissions with single/multi-bit HARQ-ACK feedback are supported Rel-15. 
The BLER of the initial transmission on the PDSCH is expected to be set to 10%. If the base station configures the UE feedback HARQ-ACK to CBG mode, then, in about 90% of the cases, the UE would feedback that all CBGs have been decoded correctly. This increases the uplink feedback load significantly, assume for example that 8 CBGs are configured, then instead of sending 1 bit “ACK” for the whole TB, the UE would send 8 identical ACKs for each CBG. Obviously, in this case, CBG-based feedback HARQ-ACK is inefficient. It requires more UCI overhead and more PUCCH resources compared to the TB-based HARQ-ACK. Only in case of a “NACK” it would be useful to send CBG-based feedback. Therefore, in our opinion it is necessary introduce a combination of TB-based and CBG-based feedback in order to further improve efficiency. 
Method
[bookmark: OLE_LINK128][bookmark: OLE_LINK129]The base station assigns 2 PUCCH resources to the UE. The first PUCCH resource is used as TB-based HARQ-ACK feedback, and the second PUCCH resource is used as CBG-based HARQ-ACK feedback.
When the UE correctly decodes all the CBG or correctly decodes the TB, the UE forms an ACK / NACK based on the TB HARQ-ACK and transmits it using the PUCCH format of 1 ~ 2 bits in the first PUCCH resource. Otherwise, the UE forms an NACK based on the CBG HARQ-NACK and transmits it using the PUCCH format with UCI payload of more than 2 bits in the second PUCCH resource (assuming CBQ-ACK / NACK based on CBG is greater than 2 bits). This method is illustrated in Figure 1 below.


Figure1 - TB/CBG based HARQ-ACK feedback process
Analysis of proposed method:
For 1-2 bits UCI, the PUCCH design supports high multiplexing and has a higher reliability (relatively to the PUCCH format with more than 2bits UCI). For the UCI payload larger than 2bits, the PUCCH design probably does not support multiplexing. Therefore, on the first PUCCH resource (carrying the TB level ACK / NACK), more UEs can be multiplexed and are supported at the same time. In the second PUCCH resource, UE multiplexing is probably not supported.
In general, the probability that the UE will use the first PUCCH resource is about 90%. The usage of the second PUCCH resource is then required in about 10% of the cases. More UEs can be configured to be multiplexed in the first PUCCH resource, it is clear that PUCCH resources can be saved. In addition, since the probability that the UE uses the second PUCCH resource is low, more UEs can be configured to share the same second PUCCH resources. Even, if the second PUCCH is common to multiple UE, the probability for collision is rather low. Also, even if it would occur and the gNB would not be able to decode the UCI, still the (more reliable) TB-level feedback on the first PUCCH resource is detectable and at least the TB level feedback would come through. Thus, one could afford collisions on the second PUCCH, in worst case a whole TB would be resent instead of one or some CBGs.  
Extension of described method:
In some cases, for example, when the ACK / NACK 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 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 should 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 ACK / NACK and other UCIs simultaneously in one slot, it will form ACK / NACKs 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 ACK / NACKs are transmitted from the UE, since this is up to gNB configuration. If the base station determines that the UE will need to transmit ACK / NACK and other UCIs in a slot, the base station assumes  that the ACK / NACK in this feedback is formed based on CBG. The extended scheme is illustrated in Figure 2 below.


Figure1 - TB/CBG based HARQ-ACK with/without other UCI feedback process
Proposal 1: Ran1 should support the possibility of CBG based feedback together with TB-based feedback 
Proposal 2: Ran1 should consider supporting dynamic feedback based on TB or CBG HARQ-ACK.
3. Conclusion
Based on the analysis given above, we have the following proposals:
Proposal 1: Ran1 should support the possibility of CBG based feedback together with TB-based feedback 
Proposal 2: Ran1 should consider supporting dynamic feedback based on TB or CBG HARQ-ACK.

4. Reference
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