
[bookmark: _Ref124589705][bookmark: _Ref129681862]3GPP TSG RAN WG1 Meeting #88	R1-1703332
Athens, Greece, February 13 - 17, 2017

Agenda Item:	8.1.3.1.6
Source:	Huawei, HiSilicon
Title:	Necessity of PHICH-like channel in NR
Document for:	Discussion and decision

Introduction
NR was proposed to support at least asynchronous hybrid ARQ operation in DL and UL to avoid fixed timing relationship between initial transmission and retransmission, where DCI-like channel can be considered  to support the operation [1][2].  On the other hand, the synchronous hybrid ARQ operation can still be well applicable to some NR applications such as URLLC and eMBB services, and to different transmission schemes such as grant-based and grant-free [3][4] operations, where PHICH-like ACK/NACK signaling can be very efficient. 
[bookmark: _GoBack]Based on these considerations, this contribution discusses a PHICH-like channel at least for carrying DL ACK/NACK is needed to support uplink synchronous hybrid ARQ for both grant-based and grant-free applications in NR. 
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Benefits of PHICH channel
In LTE, the basic mode of operation for uplink hybrid ARQ is synchronous retransmission, which can be used to save the scheduling overhead in retransmissions. In this case, ACK/NACK can be carried on in PHICH as a short efficient message, and the only interaction between UE and eNB before retransmission.
In NR, asynchronous hybrid ARQ is supported. In order to support asynchronous hybrid ARQ, a straightforward solution is for the gNB to send an explicit uplink grant through PDCCH for the retransmission as used for DL in LTE. In some sense, the explicit grant can imply an implicit ACK/NACK. For example, an explicit scheduling grant of a retransmission may imply an NACK to the initial transmission. However, NR should carefully investigate whether a PHICH-like channel is still needed and can also be beneficial at least from overhead reduction point-of-view, where only ACK/NACK feedback to the uplink transmission is conveyed instead of a full scheduling grant. At least the following features need further considerations on support of PHICH-like channel in NR:
First of all, using a PHICH-like channel to respond the UL transmission can support uplink synchronized hybrid ARQ with simplified signaling design and significant signaling overhead reduction. In many scenarios, such as URLLC, eMBB and mMTC services in NR, synchronized hybrid ARQ can be good enough and sufficient when a PHICH-like channel is applied. For example, in eMBB applications with grant-based transmissions, an ACK/NACK feedback via a PHICH-like channel is sufficient while simplifying and saving the signaling.  In other cases such as small packet transmissions, a simplified and efficient ACK/NACK only message will be also beneficial, given the fact that the packet sizes can be as small as a few bytes. For example, in this case, the resource update through grant or MCS adjustment may not be really useful to provide attainable gain.  Thus, a repetition/re-transmission or stop of current transmission is the only expectation for later UL transmission for that transport block. Moreover, the agreed repetitions/re-transmissions can be supported by simply applying the synchronous HARQ operation, which should be sufficient.  
LTE PHICH channel only carries one bit information, so it may be easier to design a PHICH-like channel (based on the PHICH) to support NR applications with higher reliability such as low NACK-to-ACK error required in URLLC. As a result, we have the following observation. 
[bookmark: OLE_LINK150][bookmark: OLE_LINK151][bookmark: OLE_LINK152]Observation 1: A PHICH-like control channel that conveys HARQ ACK/NACK feedback without an explicit grant has benefits that have not been fully investigated in the study of NR.
Efficient support of new features by PHICH-like channel in NR
In addition to the aforementioned benefits inherited from LTE, there are new use cases that could further motivate the support of a PHICH-like channel, e.g. URLLC and mMTC. 
Taking URLLC as example, in URLLC an UL transmission can be enabled without grant, i.e. grant-free transmission. If an initial transmission can be sent without dynamic UL grant, the benefits of UL grant during repetitions of grant-free may not be of an advantage as the autonomous repetitions transmissions can take more transmission opportunities within the latency boundary. Thus, a PHICH-like channel would be more useful to simplify ACK/NACK signaling. Therefore, grant-free transmission should support HARQ mechanism with the efficient ACK/NACK feedback. Based on all the above discussions, we propose
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: A PHICH-like control channel should be supported in NR.
Conclusion
The contribution focuses on the control channel in supporting hybrid ARQ for uplink transmission in NR. It discusses the necessity of PHICH channel in NR to support both grant-based and grant-free hybrid ARQ. Based on the discussion, we have the following observations and proposals:
Observation 1: A PHICH-like control channel that conveys HARQ feedback without an explicit grant has benefits that have not been fully investigated in the study of NR.
Proposal 1: A PHICH-like control channel should be supported in NR.
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