Page 4
Draft prETS 300 ???: Month YYYY
[bookmark: _Hlk512852793][bookmark: _GoBack]3GPP TSG-RAN WG2 #105	 TDoc R2-1901658
Athens, Greece, 28th February – 1st March 2019

Agenda Item:	11.4.2.1
Source:	Ericsson
Title:	On the Support of HARQ feedbacks Over Sidelink
Document for:	Discussion, Decision

[bookmark: _Ref466049030]Introduction
[bookmark: _Ref458784108][bookmark: _Ref458381469]The study of the unicast and groupcast sidelink V2X communications is included in the SID [1]. Current LTE D2D communication framework is mainly tailored for broadcast communications, therefore the introduction of one-to-one and one-to-many communication may bring to potentially large specification impacts and L1/L2 system design challenges. 
For example, the introduction of unicast and groupcast communication may call for various enhancements to the sidelink interface, such as SL HARQ feedback 
In this paper, we provide an overview of some of the technical aspects that should be discussed during the study item phase, related to the introduction of SL HARQ feedbacks, with focus on mode 2 operation. The HARQ feedback over mode 1 operation is described in the companion paper [2].  
[bookmark: _Ref489281230]Discussion
In RAN1Ad-Hoc meeting 1901, the following was agreed.  
	Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· FFS applicability of option 1 and option 2 – this part is particularly relevant to confirm (or not) the working assumption

Agreements:
· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS

Agreements:
· (Pre-)configuration indicates whether SL HARQ feedback is enabled or disabled in unicast and/or groupcast.
· When (pre-)configuration enables SL HARQ feedback, FFS whether SL HARQ feedback is always used or there is additional condition of actually using SL HARQ feedback



In general, the design of HARQ feedbacks affects the physical layer design, but also the L2 protocols. 

The first thing that is worth discussing is whether there should be any difference on the SL HARQ protocol used for mode-1 and mode-2. Obviously for mode-1, it is important that the HARQ feedback is delivered also to the gNB which should be in control of the HARQ status. However, apart from that, RAN2/RAN1 should aim at defining a unified framework which is valid for both mode-1 and mode-2. That is to minimize both specification complexity and UE complexity which otherwise should behave differently depending on whether it is configured for mode-1 or mode-2 operations. To this end, we believe that the baseline model for the mode-1/mode-2 SL HARQ protocol is that the transmitting UE transmits data on PSSCH and the receiving UE provides HARQ feedbacks on PSFCH.
For similar reasons, since RAN1 has agreed to support SL HARQ for both unicast and groupcast, it is important also that the SL HARQ model is as similar as possible for both unicast and groupcast. Of course, for groupcast the transmitting UE may receive ACK/NACK for multiple UEs and it has to somehow determine whether a MAC PDU has to be tagged as ACKed or NACKed. However, apart from that, the HARQ model should be the same for both unicast and groupcast 

[bookmark: _Toc967360][bookmark: _Toc967383][bookmark: _Toc967437][bookmark: _Toc967455][bookmark: _Toc967494][bookmark: _Toc967654]RAN2/RAN1 aims at defining a unified SL HARQ model which applies to both mode-1 and mode-2, and to both unicast/groupcast.
[bookmark: _Toc967361][bookmark: _Toc967384][bookmark: _Toc967438][bookmark: _Toc967456][bookmark: _Toc967495][bookmark: _Toc967655]The unified SL HARQ model valid for both mode-1 and mode-2, and for both unicast/groupcast implies that the transmitting UE sends data on PSSCH and the receiving UE provides feedback on PSFCH.
Therefore, we believe that the following proposals in the rest of this paper should be applicable to both mode-1 and mode-2, and to both unicast/groupcast.
When it comes to the HARQ schemes, RAN2 together with RAN1, should for example explore the time/frequency relationship between SL data transmission on PSSCH and the associated HARQ feedback on the new feedback channel defined as PSFCH. 
The HARQ feedback could be transmitted with a fixed time relationship between the data transmission at time n and the associated HARQ feedback, which can be transmitted in a reserved time/frequency resource at n+k. For example, few symbols in the slot n+k can be reserved for the transmission of the HARQ feedback. The advantage is that there would be a 1:1 mapping between the HARQ process and its related HARQ feedback, thereby limiting the overhead of the HARQ process identification in the control signalling. 
Alternatively, the HARQ feedback can be sent at any point in time by the receiver, in which case the HARQ feedback may convey HARQ feedbacks of multiple HARQ processes at the expenses of larger HARQ feedback payload. 
RAN1/RAN2 may also consider the HARQ feedback being transmitted by the receiver in the same slot in which the transmission from the transmitting peer occurred, for example in few symbols at the end of the transmitting slot. That would allow quick HARQ feedback loop at the expense of more UE complexity.
[bookmark: _Toc524990158][bookmark: _Toc525034663][bookmark: _Toc525034688][bookmark: _Toc525036402][bookmark: _Ref525310046][bookmark: _Toc525313228][bookmark: _Toc525313290][bookmark: _Toc525828977][bookmark: _Toc528598609][bookmark: _Toc528598648][bookmark: _Toc528599778][bookmark: _Toc528599791][bookmark: _Toc528599828][bookmark: _Toc528600101][bookmark: _Toc528879165][bookmark: _Toc528879186][bookmark: _Toc528879205][bookmark: _Toc536279878][bookmark: _Toc536279978][bookmark: _Toc536283615][bookmark: _Toc790572][bookmark: _Toc967356][bookmark: _Toc967379][bookmark: _Toc967433][bookmark: _Toc967451][bookmark: _Toc967490][bookmark: _Toc967649][bookmark: _Toc524990159][bookmark: _Toc525034664][bookmark: _Toc525034689][bookmark: _Toc525036403][bookmark: _Toc525313230][bookmark: _Toc525313292][bookmark: _Toc525828979][bookmark: _Toc528598611][bookmark: _Toc528598650][bookmark: _Toc528599780][bookmark: _Toc528599793][bookmark: _Toc528599830][bookmark: _Toc528600103][bookmark: _Toc528879167]The following HARQ feedback alternatives can be considered:
a. [bookmark: _Toc528879187][bookmark: _Toc528879206][bookmark: _Toc536279879][bookmark: _Toc536279979][bookmark: _Toc536283616][bookmark: _Toc790573][bookmark: _Toc967357][bookmark: _Toc967380][bookmark: _Toc967434][bookmark: _Toc967452][bookmark: _Toc967491][bookmark: _Toc967650][bookmark: _Toc524990160][bookmark: _Toc525034665][bookmark: _Toc525034690][bookmark: _Toc525036404][bookmark: _Toc525313231][bookmark: _Toc525313293][bookmark: _Toc525828980][bookmark: _Toc528598612][bookmark: _Toc528598651][bookmark: _Toc528599781][bookmark: _Toc528599794][bookmark: _Toc528599831][bookmark: _Toc528600104][bookmark: _Toc528879168]Fixed time relationship between data transmission on PSSCH and the associated HARQ feedback on PSFCH, i.e. the receiving UE transmits at time n the HARQ feedback in a specific reserved time/frequency resource, e.g. few symbols, after the data transmission at occurred at time n.
b. [bookmark: _Toc528879188][bookmark: _Toc528879207][bookmark: _Toc536279880][bookmark: _Toc536279980][bookmark: _Toc536283617][bookmark: _Toc790574][bookmark: _Toc967358][bookmark: _Toc967381][bookmark: _Toc967435][bookmark: _Toc967453][bookmark: _Toc967492][bookmark: _Toc967651][bookmark: _Toc524990161][bookmark: _Toc525034666][bookmark: _Toc525034691][bookmark: _Toc525036405][bookmark: _Toc525313232][bookmark: _Toc525313294][bookmark: _Toc525828981][bookmark: _Toc528598613][bookmark: _Toc528598652][bookmark: _Toc528599782][bookmark: _Toc528599795][bookmark: _Toc528599832][bookmark: _Toc528600105][bookmark: _Toc528879169]Flexible time relationship between data transmission and associated HARQ feedbacks, e.g. the receiving UE autonomously decides when to send HARQ feedbacks.

[bookmark: _Toc524990162][bookmark: _Toc525034667][bookmark: _Toc525034692][bookmark: _Toc525036406]Among the two above alternatives, we believe that option a) requires less standardization impact and control signalling, since there will be no ambiguity on the HARQ process that the HARQ feedback refers to. On the contrary, the flexibility of option b) comes at the expenses of more complicated resource allocation handling and sidelink control signalling.
[bookmark: _Toc525313233][bookmark: _Toc525313295][bookmark: _Toc525828982][bookmark: _Toc528598614][bookmark: _Toc528598653][bookmark: _Toc528599783][bookmark: _Toc528599796][bookmark: _Toc528599833][bookmark: _Toc528600106][bookmark: _Toc528879170][bookmark: _Toc528879191][bookmark: _Toc528879210][bookmark: _Toc536279883][bookmark: _Toc536280025][bookmark: _Toc536283578][bookmark: _Toc790582][bookmark: _Toc967362][bookmark: _Toc967385][bookmark: _Toc967439][bookmark: _Toc967457][bookmark: _Toc967496][bookmark: _Toc967656]RAN2 prioritizes the study of option a) listed in Observation 1.
In particular, for option b), the HARQ feedback channel i.e., PSFCH resources can recur always at n+k slot in same frequency as PSSCH. A few OFDM symbols in that n+k slot are used by PSFCH, such that OFDM symbols are shared with PSSCH. SCI transmitted by the transmitting UE indicates that there will be a PSFCH at slot n+k. The disadvantage of this solution is that the same frequency resource at slot n+k might not be as free as the one at slot n, especially from RX perspective. That may lead to potential collisions with other UEs transmitting the PSSCH in the same slot and same frequency resource. The alternative would be that the receiving UE also performs sensing for the transmission of the HARQ feedback, and let the receiving UE select the best time/frequency resource as outcome of the sensing. However, that would destroy the fixed time relationship between PSSCH and PSFCH, which in turn imply larger PSFCH overhead as discussed above. 
For this reason, even though that might not be optimal, we believe that it is good enough if the PSFCH is transmitted at time n+k on the same frequency resource as the PSSCH at time n.

[bookmark: _Toc967363][bookmark: _Toc967386][bookmark: _Toc967440][bookmark: _Toc967458][bookmark: _Toc967497][bookmark: _Toc967657]In order to reduce the overhead of the PSFCH, the PSFCH with HARQ feedback is transmitted at time n+k in the same frequency resource as the corresponding data transmission on PSSCH at time n.
Therefore, for each and every (re)transmission there is a PSFCH occurring at time n+k which provides ACK/NACK feedback for the previous (re)transmission at time n. An alternative could be that the receiving UE provides an HARQ feedback over the SL after a certain number of retransmissions. In that case the PSFCH overhead would be less, but the resource consumption due to potential unnecessary retransmissions would be also higher. Also, one could think that the receiving UE could just provide ACK, and let the transmitting UE retransmit in absence of ACK. Again, this may result in less PSFCH overhead, but the issue would be that the transmitting UE cannot understand if a missing ACK is due to problems on receiving the PSSCH or on the PSFCH.
Given the above considerations we believe that the most effective approach, less subject to erroneous interpretation ACK/NACK, is that the receiving UE provides explicit ACK/NACK for each and every HARQ (re)transmission.
[bookmark: _Toc967365][bookmark: _Toc967388][bookmark: _Toc967442][bookmark: _Toc967460][bookmark: _Toc967498][bookmark: _Toc967658]There is one HARQ feedback, indicating ACK or NACK, for each (re)transmission on PSSCH.
In LTE, when selecting a SL resource for the initial transmission, UE selects a SL grant which also contains resources for the HARQ re-transmission. The resources for initial transmission and associated retransmission are then indicated in the SCI, as well as the resource for the next periodic transmission.
The above approach works fine when only blind HARQ retransmissions are supported with no HARQ feedbacks, since the UE can book in advance all the resources for retransmission. However, when HARQ feedbacks are supported, that approach is prone to higher resource consumption since HARQ retransmissions are selected blindly a priori irrespective of any possible HARQ feedback. In fact, whenever an ACK is received, all the HARQ retransmission occasions previously booked are wasted, unless some mechanism to unbook those resources are introduced, which however requires some signalling resources.
[bookmark: _Toc967653]If HARQ feedbacks are configured, the LTE approach in which the transmitting UE selects a SL grant reserving resources for both initial transmission and retransmission is prone to high resource consumption, since HARQ retransmissions are selected blindly a priori, irrespective of any possible HARQ feedback.
Therefore, it seems a more reasonable approach if resources for further retransmissions are booked one by one and indicated in the previous (re)transmission SCI. In this way, by using resource booking, the re-transmission can minimize the potential collisions with other UEs, thus improve the transmission reliability, and also limit resource wastage. 
[bookmark: _Toc967366][bookmark: _Toc967389][bookmark: _Toc967443][bookmark: _Toc967461][bookmark: _Toc967499][bookmark: _Toc967659][bookmark: _Toc790584]If HARQ feedbacks are configured, when selecting a SL resource for the initial transmission, UE reserves resource for one HARQ re-transmission. 
[bookmark: _Toc967367][bookmark: _Toc967390][bookmark: _Toc967444][bookmark: _Toc967462][bookmark: _Toc967500][bookmark: _Toc967660]Upon NACK, resources for further retransmissions are reserved one by one and indicated in the SCI of previous retransmission.

On the other hand, upon ACK, the UE will simply not use for retransmissions the previously booked resource.
[bookmark: _Toc967368][bookmark: _Toc967391][bookmark: _Toc967445][bookmark: _Toc967463][bookmark: _Toc967501][bookmark: _Toc967661]Upon ACK, the UE does not use any possible resource previously booked for retransmission.
 
RAN2 should evaluate the impact on L2 protocols and investigate UE behaviour in case of ACK/NACK detection, missed HARQ feedback. For example, for sidelink unicast, the transmitter UE may trigger a retransmission of a MAC PDU upon NACK reception or if NACK is not received at n+k. For groupcast that of course may be different since the transmitting UE may receive ACK and NACK from different receivers for the same MAC PDU.
 
[bookmark: _Toc536279884][bookmark: _Toc536280026][bookmark: _Toc536283579][bookmark: _Toc967369][bookmark: _Toc967392][bookmark: _Toc967446][bookmark: _Toc967464][bookmark: _Toc967502][bookmark: _Toc967662][bookmark: _Toc790586][bookmark: _Toc536279885][bookmark: _Toc536280027][bookmark: _Toc536283580]The transmitter UE may trigger a retransmission of a MAC PDU upon NACK reception or if no HARQ feedback is detected at n+k. 
It is proposed to agree the Text Proposal to TR 38.885 in the Annex.
[bookmark: _Toc528599840][bookmark: _Toc528600113][bookmark: _Toc528879177][bookmark: _Toc528879198][bookmark: _Toc528879217][bookmark: _Toc536279899][bookmark: _Toc536280041][bookmark: _Toc536283614][bookmark: _Toc790596][bookmark: _Toc967373][bookmark: _Toc967396][bookmark: _Toc967450][bookmark: _Toc967468][bookmark: _Toc967506][bookmark: _Toc967666]Agree the Text Proposal to TR 38.885 in the Annex.
[bookmark: _Toc458380516][bookmark: _Toc458380524]Conclusion
[bookmark: _In-sequence_SDU_delivery]In section 2 we made the following observations:
Observation 1	The following HARQ feedback alternatives can be considered:
a.	Fixed time relationship between data transmission on PSSCH and the associated HARQ feedback on PSFCH, i.e. the receiving UE transmits at time n the HARQ feedback in a specific reserved time/frequency resource, e.g. few symbols, after the data transmission at occurred at time n.
b.	Flexible time relationship between data transmission and associated HARQ feedbacks, e.g. the receiving UE autonomously decides when to send HARQ feedbacks.
Observation 2	If HARQ feedbacks are configured, the LTE approach in which the transmitting UE selects a SL grant reserving resources for both initial transmission and retransmission is prone to high resource consumption, since HARQ retransmissions are selected blindly a priori, irrespective of any possible HARQ feedback.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2/RAN1 aims at defining a unified SL HARQ model which applies to both mode-1 and mode-2, and to both unicast/groupcast.
Proposal 2	The unified SL HARQ model valid for both mode-1 and mode-2, and for both unicast/groupcast implies that the transmitting UE sends data on PSSCH and the receiving UE provides feedback on PSFCH.
Proposal 3	RAN2 prioritizes the study of option a) listed in Observation 1.
Proposal 4	In order to reduce the overhead of the PSFCH, the PSFCH with HARQ feedback is transmitted at time n+k in the same frequency resource as the corresponding data transmission on PSSCH at time n.
Proposal 5	There is one HARQ feedback, indicating ACK or NACK, for each (re)transmission on PSSCH.
Proposal 6	If HARQ feedbacks are configured, when selecting a SL resource for the initial transmission, UE reserves resource for one HARQ re-transmission.
Proposal 7	Upon NACK, resources for further retransmissions are reserved one by one and indicated in the SCI of previous retransmission.
Proposal 8	Upon ACK, the UE does not use any possible resource previously booked for retransmission.
Proposal 9	The transmitter UE may trigger a retransmission of a MAC PDU upon NACK reception or if no HARQ feedback detected at n+k;
Proposal 10	Agree the Text Proposal to TR 38.885 in the Annex.
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Annex – Text Proposal for TR 38.885
[bookmark: _Toc528164414]5.4	L2/L3 protocols
5.4.1 HARQ protocol
HARQ feedbacks are beneficial to enforce both unicast and groupcast communication. For this reason, HARQ feedbacks are supported both for unicast and groupcast type of V2X sidelink communications. 
RAN2 first study the sidelink HARQ feedbacks for unicast transmissions, and then extend it to the groupcast transmissions.
In general, the following HARQ protocols are considered in this study:
a) Fixed time relationship between data transmission and the associated HARQ feedback, i.e. the receiving UE transmits the HARQ feedback in a specific reserved time/frequency resource after the data transmission
b) Flexible time relationship between data transmission and associated HARQ feedbacks, e.g. the receiving UE autonomously decides when to send HARQ feedbacks
For designing the sidelink HARQ protocols for mode 2 operation, the following aspects can be considered: 
·  When selecting a SL resource for the initial transmission, UE books resource for the HARQ retransmission. Resources for further retransmissions are booked one by one and indicated in the previous (re)transmission SCI. The potential resource wastage due to resource booking for retransmissions can be alleviated by PSFCH being overheard by surrounding UEs. 
·  For sidelink unicast, the transmitter UE may trigger a retransmission of a MAC PDU upon NACK reception; For sidelink unicast, a MAC PDU is dropped if no ACK received within the latency budget of such packet.
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