[bookmark: _GoBack]3GPP TSG RAN WG1 AH_NR Meeting	R1-1700428
Spokane, USA, 16th - 20th January 2017

Agenda item:		5.1.3.5
Source:	ITRI 
Title:	Enhanced redundancy matching and HARQ transmission process in NR
Document for:		Discussion and Decision
1	Introduction
For 5G new radio (NR) systems, ultra-reliable and low-latency communications (URLLC) has been identified as one of the major scenarios together with enhanced mobile broadband (eMBB) and massive machine-type communications (mMTC). Achieving low latency and ultra-reliable have been set as two of the major target right at the outset for 5G NR. HARQ is an essential physical layer transmission technique in modern communication systems, where retransmissions are requested by the receiver by sending a HARQ feedback message in the case of decoding failure. The HARQ feedback message can be as simple as an acknowledgment/negative-acknowledgment (ACK/NACK) to signify whether the last decoding was successful or not. Upon receiving a NACK, the transmitter sends a retransmission, which is combined in some ways with failed previous transmissions to form a better judgment as there is still useful information embedded in previous failed transmissions. It is already an understanding that HARQ will continue to play a imprtant role in NR.

Current celluar mobile communications systems such as LTE have a rather simple and unique hybrid automatic repeat request (HARQ) functionality that is applied for all services. For the 5G new radio (NR) we debate towards to define new redundabcy matching and process for HARQ with its service requirements as a mean to more efficiently optimize the UE’s performance. This contribution describe the enhancement requirements for HARQ functionality for increased relaiablity in radio resource utilization for the 5G new radio (NR). In the paper, the proposed enhancements will support enhanced reduncy matching and new HARQ procedure in order to support the differential scenarios (e.g. URLLC and mMTC) . Furthermore, the proposals offer flexibility increase to support different services and scenarios outlined in 3GPP TR 38.913 [1].

[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Enhanced redundancy matching for HARQ
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]A HARQ process corresponding to transmission of one transport block consists of  number of transmission attempts. In the simplest form it could be assumed that the same number of coded bits will be transmitted at each transmission attempt in case of NACK for the previous attempt. For example, following the rate matching mechanism for the initial transmission a specific coded bits  will be selected from the circular buffer which will then be modulated and sent to the receiver for decoding. Then in the case of NACK, the following retransmission(s) will be generated using the same number of coded bits . However, the code-bits  are not guaranteed maximum hamming distance to provide robust correct capability and reliability in the HARQ process.  If the code-bits ρ are not guaranteed maximum hamming distance in HARQ process could be harmful to the maximum achievable throughput performance of the channel and difficult to achieve low latency requirement.
· Observation 1: The total average throughput of the physical channel could be degraded by HARQ process if the coded bits ρ without guaranteeing maximum hamming distance will be sent on the retransmission attempts as compared to the initial transmission attempt. Alternatively, a enhanced redundancy matching mechanism approach to HARQ transmission can potentially have noticeable throughput gain by with maximum hamming distance code bits .
The practical implication of the above observation is that the performance of HARQ procedure can be improved by optimally encoding the coded bits  from one transmission attempt to another. Therefore, it is desirabled to investigate the optimal coded bits set of  –where  denotes the coded-bits with maximum hamming distance for the th transmission that will maximize e.g., the average throughput of HARQ operation. In Fig. 1 an example is illustrated to compare the legacy and enhanced redundancy matching. The example assumes 4 specific coded bits for retransmissiom. 
In a more general view, the set of may be investigated for optimization of any given objective KPI such as throughput, reliability, etc., based on the use case requirement. For example, for the case of HARQ operation for URLLC type of traffic the coded bits sets of can be optimized to maximize throughput with maximum hamming distance coded-bits as compared to latency critical and high reliability use cases. On the other hand, denotes the coded-bits with maximum hamming distance for the kth transmission that provising roubst error correct and recovery capability. It will decrease the number of retransimission time for high reliability and latency critical traffic. The HARQ can be optimized for a target reliability and latency objective given a maximum hamming distance coded-bits . 
· Observation 2: The performance gain of the enhanced redundancy matching HARQ can be captured in different KPI’s depending on the use case. E.g., to achieve the maximum throughput for the mMTC traffic; or to achieve a target reliability within a limited number of transmission attempts for URLLC use case. 
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Figure 1: Legacy and enhanced redundancy matching for HARQ compared for the example of bit-selection from circular buffer
Furthermore, the optimization problem to find an optimal coded bits set of can be solved offline. The HARQ functionality of the communicating nodes can then be specified to use the optimal setting based on use case. Motivated by the expected performance gain from enhanced redundancy matching HARQ, the following is proposed:
· Proposal 1: The optimization problem of HARQ enhanced redundancy matching mechiasm with optimal coded bits set of shall be for further studied. Optimizations may consider different KPI’s as the objective that will be chosen based on the use case.
3	Bundle Transmission with enhanced redundancy matching
In recent year, there is fast growing demand on ultra-relaible communication for example for traffic safety and transportation efficiency. Due to the significance of vehicular safety or critical communication, the transceiving of urgent inforamtions must have a very low latency and highly reliable. Traditional HARQ relies on a simple Boolean ACK/NACK feedback message. However, the transmitter can be preconfigure on “how close” the decoder is to successfully decode a failed HARQ transmission. The redundancy content (eg. Coded bits with maximum hamming distance) for the following retransmission of the packet can then be used based on this information to improve the overall HARQ performance and relaiablity in low latency requirment. 
· Observation 3: The delay involed in a HARQ process coulde be rouhly broken into the propogation delay. Due to very low latency and ultra-relable communication in NR, the transmitter dircectly transmit lots of packes (without the attempt to tanceive ACK or NACK in specific periodic and condtion).  Thererfore for the  low latency and ultra-relable requirement combine modified HARQ process and enhanced redundancy matching mechanism should be more inverstaged. 
Due to very low latency and ultra-relable communication in NR , A modified HARQ process and enhanced redundancy matching mechanism is shown in Fig.2. The transmitter dircectly transmit lots of packes (without the attempt to receive ACK or NACK) until with/without ACK feedback during specific process periodic or HARQ timeing is overtime. Motived by decreasing the delay involed in a HARQ process coulde be rouhly broken into the propogation delay, the following is proposed: 
· Proposal 2: We should be investigate the specific perdoic and HARQ timing for bundle Transmission with enhanced redundancy matching. The detail HARQ process for very low latency and ultra-relable communication should be also FFS.
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Figure 2: A modified HARQ process and enhanced redundancy matching mechanism
4	Further notes on richer HARQ feedback
The practical implication of the above observation is that the performance of HARQ procedure can be improved by optimally encoding the coded bits  from one transmission attempt to another. Therefore, it is desirabled to investigate the optimal coded bits set of  –where  denotes the coded-bits with maximum hamming distance for the th transmission that will maximize e.g., the average throughput of HARQ operation. The optimal coded bits set of   can be mapped the specific set of possible feedback message. In fig3, two bits are reserved for feedback reporting, it can convey 4 differential message  . The 4 differential message can be mapped the optimal coded bits set of  . We can assume one message is reserved for ACK and the remaining 3 will be utilized to report different DSI metric (multi-bit NACK).If allowing more reserved bits for feedback messages, there are more optimal coded bits combinations to retransmission. The following is proposed: 
· Proposal 3: The number of bits reserved for feedback information –rich feedback shall be investigated to support to report different DSI metric (multi-bit NACK).
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Figure 3: A modified HARQ process and enhanced redundancy matching mechanism with multiple feedback bits
5	Conclusion
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]The contribution is concluded by summarizing the observations and the modified HARQ process and enhanced redundancy matching mechanism as follows:
· Observation 1: The total average throughput of the physical channel could be degraded by HARQ process if the coded bits ρ without guaranteeing maximum hamming distance will be sent on the retransmission attempts as compared to the initial transmission attempt. Alternatively, a enhanced redundancy matching mechanism approach to HARQ transmission can potentially have noticeable throughput gain by with maximum hamming distance code bits .
· Observation 2: The performance gain of the enhanced redundancy matching HARQ can be captured in different KPI’s depending on the use case. E.g., to achieve the maximum throughput for the mMTC traffic; or to achieve a target reliability within a limited number of transmission attempts for URLLC use case. 
· Proposal 1: The optimization problem of HARQ enhanced redundancy matching mechiasm with optimal coded bits set of shall be for further studied. Optimizations may consider different KPI’s as the objective that will be chosen based on the use case.
· Observation 3: The delay involed in a HARQ process coulde be rouhly broken into the propogation delay. Due to very low latency and ultra-relable communication in NR, the transmitter dircectly transmit lots of packes (without the attempt to tanceive ACK or NACK in specific periodic and condtion).  Thererfore for the  low latency and ultra-relable requirement combine modified HARQ process and enhanced redundancy matching mechanism should be more inverstaged. 
· Proposal 2: We should be investigate the specific perdoic and HARQ timing for bundle Transmission with enhanced redundancy matching. The detail HARQ process for very low latency and ultra-relable communication should be also FFS.
· Proposal 3: The number of bits reserved for feedback information –rich feedback shall be investigated to support to report different DSI metric (multi-bit NACK).
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