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1 Introduction

This contribution analyses the current agreed UL HARQ protocol behaviour during Sidelink discovery gaps and proposes some modifications w.r.t. the transmission counter handling and UL-SCH transmissions in the presence of a gap.
2 Discussion
Agreed UL HARQ protocol behaviour during Sidelink Discovery gaps

According to current specifications a UE shall only skip a UL-SCH transmission in case it collides with a configured grant for transmission on SL-DCH in this TTI. Essentially if an UL-SCH transmission collides with a sidelink discovery gap for transmission but not with a transmission on SL-DCH the UE shall transmit the UL-SCH. For D-SR transmission on PUCCH the situation is different. Here the UE shall not transmit the SR on PUCCH in case it collides with an Sidelink Discovery gap for transmission regardless whether a transmission on SL-DCH is done in this TTI or not.  

Observation 1:  UE skips UL-SCH transmission only when it collides with an SL-DCH transmission within a sidelink discovery gap for transmission
Observation 2:  SR on PUCCH is skipped when it collides with sidelink discovery gap for transmission (regardless of whether the UE transmits SL-DCH in this TTI)
When HARQ feedback cannot be received due to occurences of discovery gap for reception the UE assumes an ACK and suspends the HARQ process. This is the same behaviour as for measurement gaps.
Observation 3: When HARQ feedback cannot be received due to occurences of discovery gap for reception the UE assumes and ACK and suspends the HARQ process.
A non-adaptive retransmission is triggered in case a UL-SCH cannot be made due to the occurences of a sidelink discovery gap for transmission. eNB cannot prevent this non-adaptive retransmission by a PDCCH.
This is the same behaviour as for measurement gaps.
Observation 4: non-adaptive retransmission is triggered in case a UL-SCH cannot be made  due to the occurences of a sidelink discovery gap for transmission and SL-DCH transmission
The transmission counter CURRENT_TX_NB is increased regardless of whether UL-SCH transmission actually is made, i.e. also in case of collision with transmission of SL-DCH the counter is increased. This behaviour is also same as for measurement gaps.
Observation 5: transmission counter CURRENT_TX_NB is increased with every HARQ tx opportunity regardless of whether UL-SCH transmission is actually made
Analysis of agreed UL HARQ protocol behaviour
Following Observation 1, the UE shall only skip UL-SCH when it collides with a SL-DCH transmission which takes place during a sidelink discovery gap for transmission. That essentially means that UE shall transmit UL-SCH (when scheduled) even during a sidelink discovery gap for transmission if there is no SL-DCH transmission in this TTI. It’s clear that there might be situations where this behaviour is not possible from UE capabiltiy point of view. Assuming that TTI N and TTI N+1 are both part of sidelink discovery gap for transmission, but only in TTI N+1 there is a configured grant for SL-DCH, the UE shall be theoretically capable of transmitting UL-SCH in TTI N and then SL-DCH in N+1. 
Since for resource allocation mode 2, the UE is randomly selecting transmission resources for SL-DCH, it’s not known by eNB beforehand in which TTI the UE is actually performing discovery transmission. For mode 2 the assumption was also, that UE when requesting a sidelink gap signals all possible candidates for SL-DCH transmission, i.e. TX resource pool information, to eNB in the subframeBitmap. 

In order to avoid situations as mentioned above where UE might be required to make a UL-SCH transmission in one TTI and then a SL-DCH transmission in a subsequent TTI (which is not possible) , the eNB should essentially suspend all HARQ processes before the start of a sidelink discovery gap. 
However if that eNB behaviour is anyway necessary, then UL HARQ protocol behaviour could be simplified such, that UE shall skip an UL-SCH transmission in case it collides with an sidelink discovery gap for transmission, same as for the D-SR transmission on PUCCH.

Proposal 1: During a sidelink discovery gap for transmission the shall not make any UL-SCH transmission
A text proposal for Proposal 1 is given in the following (section 5.4.2.2 of TS36.321).  
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As mentioned in Observation 5, the UE increases the transmission counter CURRENT_TX_NB with every HARQ Tx opportunity regardless of whether the transmission takes place or not. This is same behaviour as for the measurement gaps. However measurements gaps are different to sidelink discovery gaps in the sense Sidelink Discovery gaps might be much longer and affecting much more transmission opportunities compared to measurement gaps. In particular for mode 2 the UE requests gaps basically for the complete TX resource pool, since the transmission resources are randomly selected in every discovery period. Furthermore considering that the gaps should also include the time used for retuning which could be up to 20ms, it’s obvious that a sidelink discovery gap will affect quite a significant number of HARQ Tx opportunities. 
The consequence would be with the current UL HARQ protocol behaviour that for a HARQ process the maximum number of transmissions will be reached quite likely during a sidelink discovery gap which as a consequence will lead to the HARQ buffer flushing, i.e. RLC needs to retransmit in case of RLC-AM.
From that perspective it would be probably better not to increase the HARQ transmission counter in case of sidelink discovery gap. This would give eNB the opportunity to still schedule some further retransmission after the sidelink discovery gap if considered as necessary/useful. 

Proposal2: RAN2 should discuss not to increase the transmission counter CURRENT_TX_NB with every HARQ Tx opportunity when UL-SCH transmission cannot be made dur to the occurences of sidelink discovery gap. 
3 Conclusions

This contribution discussed the UL HARQ protocol operation during Sidelink Discovery gaps. It’s proposed to agree on the following:
Proposal 1: UE shall not make any UL-SCH transmission during a sidelink discovery gap for transmission.

Proposal2: RAN2 should discuss not to increase the transmission counter CURRENT_TX_NB with every HARQ Tx opportunity when UL-SCH transmission cannot be made dur to the occurences of sidelink discovery gap.
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To generate a transmission, the HARQ process shall:

-	if the MAC PDU was obtained from the Msg3 buffer; or

-	if Sidelink Discovery Gaps for Transmission are not configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer in this TTI; or

-	if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is no Sidelink Discovery Gap for Transmission in this TTI; or

-	if Sidelink Discovery Gaps for Transmission are configured by upper layers, and there is no measurement gap at the time of the transmission and, in case of retransmission, the retransmission does not collide with a transmission for a MAC PDU obtained from the Msg3 buffer, and there is a Sidelink Discovery Gap for Transmission, and there is no configured grant for transmission on SL-DCH in this TTI:

-	instruct the physical layer to generate a transmission according to the stored uplink grant with the redundancy version corresponding to the CURRENT_IRV value;

-	increment CURRENT_IRV by 1;

-	if there is a measurement gap or Sidelink Discovery Gap for Reception at the time of the HARQ feedback reception for this transmission and if the MAC PDU was not obtained from the Msg3 buffer:

-	set HARQ_FEEDBACK to ACK at the time of the HARQ feedback reception for this transmission.


