Page 1
3GPP TSG RAN WG1 Meeting RAN1 #88														R1-1702237
Athens, Greece 13th - 17th February 2017
Source: 	Intel Corporation 
Title:	Multi-bit HARQ Feedback per TB
Agenda item:	8.1.3.3.1
Document for:	Discussion and Decision

1. Introduction
In this contribution, we discuss multi-bit HARQ-ACK feedback per transport block options that were identified in NR Ad-hoc #1 meeting. The following agreements were made in NR Ad-hoc #1 in January 2017. 
	Agreements:
· HARQ-ACK feedback with one bit per TB is supported.
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting
· Option 1: CB-group based re-transmission 
· Option 2: Decoder state information feedback
· Option 3: CB-level outer erasure code
· Option 4: Any combination of Option 1-3
· Other options are not precluded
· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15



2. Discussion
The multi-bit HARQ-ACK feedback is being considered and studied in NR in the context of eMBB and URLLC data transmission and multiplexing. The introduction of short URLLC data transmission that may span shorter than a slot, potentially introduces time-varying interference to neighbors cells. It should be noted that the data transmissions that span an entire slot can be made to be robust against time-varying interference by performing some form of interleaving or RE mapping that distributes the interference evenly across all transmitted codeblocks (CB) of the transmission, e.g. time-first and frequency-second mapping. However, this typically will come at a cost of added processing latency at the receiver, as received information bits may not able to be efficiently processed until the entire transmission have been received. See [2] for link-level performance with different options for TB-level/CB-level feedback and different degrees of interleaving (e.g. time-first/freq-first/blockwise). 
In the following, we compare and provide view on each of the options listed for multi-bit HARQ-ACK feedback methods.
Option 1: CB-group based re-transmission 
CB-group based re-transmission scheme, refers to grouping multiple CBs and providing HARQ-ACK feedback for each CB group. The transmitter is able to perform selective re-transmissions for each CB group that the receiver has failed to decode correctly. This scheme requires more feedback bits for each transport block (TB), resulting in increase in uplink control overhead. Additionally, it requires additional DL control overhead to allow the gNB to selectively re-transmit one or more CB groups. This is similar to sending HARQ-ACK feedback bits for multiple subframes in TD-LTE, and the complexity of such schemes is well understood. With such an option, it is very desirable to reduce implementation complexity by suitably limiting the design choices. As shown in a companion contribution [3], it is desirable to ensure that the code block group is protected with a CRC, whose failure can be used to determine whether the feedback bit for a code block group is ACK or NACK. Additional discussion on CRC attachment is in [3].
One of the main motivations of multi-bit A/N is the eMBB data interfered by URLLC transmissions (same cell/neighboring cell). In this case, it is more efficient if the CBG mapping to physical resources takes the possible URLLC transmissions into account. Such a technique would be feasible if the number of combinations of EMBB/URLLC configurations are limited; otherwise, it is better to have a semi-static or a fixed number of code block groups at the cost of a little bit of inefficiency in the retransmissions. 

Option 2: Decoder state information feedback
Decoder state information feedback is a mechanism to provide more information to the transmitter in case of TB reception failure, such that the transmitter can choose the right amount of resources in the re-transmissions [1]. Although the proposal has its own merits, it does not fundamentally solve the CB failure from time-varying interference or URLLC pre-emption transmissions. In this case, the transmission is corrupted due to URLLC pre-emption transmissions, the gNB already has information about which CBs are being effected and may not require additional decoder state information feedback to perform re-transmissions. [This may need to be limited to single CB or single HARQ-ACK per TB cases]. This is actually a proposal which should be treated separately from other options as it does not solve the underlying issue – moreover it also requires additional analysis into decoder state information (rather than a simple A/N state) which may be quite difficult to converge on relative to other options discussed in this document. 

Option 3: CB-level outer erasure code
CB-level outer erasure code techniques essentially performs an outer-encoding (i.e. overhead) on top of the bits that are segmented into different CBs – for example, with 1 extra code block of redundancy for 10 data code blocks, the overhead would be 10%. With little bit of more redundancy and resource overhead, the receiver may be able to correctly recover the failed CBs that were encoded with the inner-code. This create processing latency on top of the decoding latency of the inner-code, and can also increase the coding rate of the inner code (to account for the outer-code overhead). Furthermore, the receiver is unable to tell whether the final CBs have successfully decoded or not until the outer-code decoding is performed. Therefore, further creating challenges to generate the HARQ-ACK feedback within the HARQ processing time given to the receiver. The benefit of option 3 is that single bit HARQ-ACK can be used for each TB. However, this is at the expense of additional overhead in the data resources and additional complexity at the receiver. Given that data payload is order or magnitude larger than control payload, increasing data resources and increasing receiver complexity in order to save few extra bits in up/downlink control seems to be unjustified. Moreover, our understanding is that Option 3 may have more impact on overall HARQ protocol compared to Option 1, which may be straight-forward if designed carefully (i.e. if number of CB groups is kept small).   
Proposal:
· NR should support option 1, CB-group based re-transmission, with the understanding that RAN1 would strive to limit the number of CB-groups to a small value to simplify the mechanism and limit the additional overhead incurred from the scheme.

3. [bookmark: _GoBack]Summary
This document presented our view on the multi-bit HARQ feedback per transport block. The following is a summary of our proposal.
Proposal:
· NR should support option 1, CB-group based re-transmission, with the understanding that RAN1 would strive to limit the number of CB-groups to a small value to simplify the mechanism and limit the additional overhead incurred from the scheme.
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