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1 Introduction

In RAN2#100 the so-called Timer X was introduced by RAN2. The Timer X determines the minimum amount of time that the UE should wait before performing a retransmission of an HARQ process.

In the following, we elaborate more on how to handle the Timer X.

2 Discussion

Relevant agreements from previous RAN2 meetings regarding the Timer X are the following:

	Agreements from 3GPP RAN2#100:

· Add new separate RRC configurable timer X as follow:
· When Timer X starts is FFS
· Timer X is stopped if it received SUL grant or HARQ feedback with SUL grant for the retransmission
· UE shall not retransmit before the timer X stops/expires.
Agreements from 3GPP RAN2#101:

· Timer X is maintained per HARQ process for AUL

· UE shall not use the AUL resource to perform both new transmission and retransmission for the same HARQ process before the Timer X stops/expires

· Start/restart the Timer X after the initial AUL transmission/AUL retransmission of a given HARQ process


2.1 Timer X Configuration

In this section we discuss how to properly configure the Timer X, and in particular which values should be included in the ASN.1 for Timer X configuration.

In general, we believe that it is important that the network has the possibility to configure such timer such that it can expire together with the drx-ULRetransmissionTimer so that the UE can monitor the channel for HARQ feedbacks for the whole duration of drx-ULRetransmissionTimer and retransmit immediately after the drx-ULRetransmissionTimer expires, if no HARQ feedback has been received. In some cases, in fact, there might be no reason for the UE to wait longer than drx-ULRetransmissionTimer duration before retransmitting. This means that whatever of the above options is chosen, it should be possible for the network to at least configure the retransmission timer such that it expires when the drx-ULRetransmissionTimer expires. 

Observation 1 It is beneficial for the network to configure the Timer X such that it can expire when the drx-ULRetransmissionTimer expires, in order to minimize the UE retransmission time when no HARQ feedback received within the drx-ULRetransmissionTimer window.
Given the discussion above, since it has been agreed that the UE shall start the timer after AUL transmissions on PUSCH, the values of timer X included in RRC configuration should include at least [drx-ULRetransmissionTimer + UL HARQ RTT (4ms in LAA)] where the values of drx-ULRetransmissionTimer are as follows in current RRC specification:
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Proposal 1 Configuration values of timer X in ASN.1 should include at least values corresponding to: [drx-ULRetransmissionTimer + UL HARQ RTT], where the possible drx-ULRetransmissionTimer values are as in legacy and UL HARQ RTT is 4ms.

2.2 When to start Timer X

RAN2 has agreed when the timer should be stopped, i.e. at reception of an HARQ feedback or of a SUL grant for the related HARQ process ID. In RAN2#101, it was agreed that the timer should be started after any AUL (re)transmissions.

In RAN2#101, it was also discussed that a MAC PDU delivered for AUL transmissions by MAC to physical layer may not be actually transmitted over the Uu interface due to LBT failures. This might be an issue, since current MAC modelling does not allow to retransmit a MAC PDU until HARQ NACK or SUL grant is received from eNB. On the other hand, the intention of AUL is that the UE should be allowed to transmit such MAC PDU in any following AUL subframe when LBT fails, without any further input from eNB. To tackle this problem RAN2 decided to introduce a signal from PHY to MAC to indicate whether a MAC PDU was transmitted or not by PHY. 

	From RAN2#101 agreements:

· RAN2 understanding is that “Physical layer informs the MAC layer on the outcome of the LBT procedure (e.g., by ACK/NACK), so that MAC can trigger a retransmission in a later subframe, without the need to wait for a SUL grant or the expiry of the retransmission timer X.” How to capture the modelling can be further studied.


The introduction of such feedback from PHY may affect when to start the Timer X. To this end in the running MAC CR [1], the following Editor´s note was captured:

	From running MAC CR [1]:

When the LBT feedback is received for this TB from lower layers, the HARQ process shall:

-
set LBT_FEEDBACK to the received value;

Editor´s note: FFS whether MAC starts the UL HARQ RTT Timer after LBT outcome is ACKed, or whenever there is an AUL transmission occasion (and data to send) in this TTI (i.e. irrespective of the LBT outcome).

Editor´s note: FFS the terminology to use to indicate the LBT feedback from lower layers, e.g. LBT_FEEDBACK, LBT_OUTCOME, PHY_TX_FEEDBACK.

Editor´s note: FFS whether MAC starts the retransmissionULTimer after LBT outcome is ACKed, or whenever there is an AUL transmission occasion (and data to send) in this TTI (i.e. irrespective of the LBT outcome).


In our understanding, the Timer X, i.e. the retransmissionUlTimer above, shall be started when the PHY indicates to MAC that AUL PUSCH transmission occurred. Starting the timer in MAC, irrespective of the LBT outcome, might bring to misbehaviours. As explained above, at expiry of the Timer X, the UE is allowed to perform retransmission. Therefore, if the Timer X is started when the HARQ entity submits to PHY a MAC PDU, irrespective of the LBT outcome, the Timer may be started unnecessarily ad it might results in spurious retransmissions.

Observation 2 If the Timer X is started when the HARQ entity delivers a MAC PDU to PHY, irrespective of the LBT outcome, spurious retransmission may occur. 
So, our proposal is that the Timer X should be started when PHY indicates to MAC that a MAC PDU has been really transmitted.

Proposal 2 The Timer X is started by the HARQ entity, once PHY indicates to MAC that the MAC PDU has been transmitted on PUSCH.

3 Conclusion

In section 2 we made the following observations:

Observation 1
It is beneficial for the network to configure the Timer X such that it can expire when the drx-ULRetransmissionTimer expires, in order to minimize the UE retransmission time when no HARQ feedback received within the drx-ULRetransmissionTimer window.
Observation 2
If the Timer X is started when the HARQ entity delivers a MAC PDU to PHY, irrespective of the LBT outcome, spurious retransmission may occur.


Based on the discussion in section 2 we propose the following:

Proposal 1
Configuration values of timer X in ASN.1 should include at least values corresponding to: [drx-ULRetransmissionTimer + UL HARQ RTT], where the possible drx-ULRetransmissionTimer values are as in legacy and UL HARQ RTT is 4ms.
Proposal 2
The Timer X is started by the HARQ entity, once PHY indicates to MAC that the MAC PDU has been transmitted on PUSCH.
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