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1 Introduction
This paper discusses the details of sidelink gap. 
2 Discussion
2.1 General 

The sidelink gap request can be best done by using SidelinkUEInformation. 
Proposal 1 UE requests its sidelink gap by sending SidelinkUEInformation including requested gap information. 

To prevent UE from requesting sidelink gap to the eNB that is not supposed to provide gap configuration due to e.g. lack of sidelink gap support capability, the UE should be aware of whether request of sidelink gap is allowed or not. If there is no explicit indication on network support of sidelink gap configuration, there seems to be no other (implicit) way for UE to deduce the network capability. So we propose to introduce an explicit network capability signaling. As per the signaling option, capability signaling of the sidelink gap support via broadcast is more suitable than dedicated signaling, in order to control sidelink gap request included in SidelinkUEInformation message.
Proposal 2 eNB indicates via broadcast signaling whether UE is allowed to request sidelink gap.
Proposal 3 UE is allowed to request sidelink gap to its serving eNB only if the eNB supports sidelink gap. 
2.2 Gap granularity: Single gap pattern per UE versus multiple gap patterns per UE  
We then discuss the issue of gap granularity. We attempt to classify the granularity options as follows: 
Option 1: A single sidelink gap pattern can be configured to a UE.

Option 2: One or multiple sidelink gap patterns can be configured to a UE.

In option1, UE indicates its interests on discovery on one or more frequencies with gap request information, and then network configures the UE with a single sidelink gap. If the design of the sidelink gap is focused on discovery on a single frequency at a time, the option1 may be sufficient. However, if the design goal is to optimize sidelink gap also for discovery interest for more than one frequency, option1 may be considered insufficient because the required gap subframes in option1 would increase as the number of interesting discovery frequencies increases. In option1, UE uses the (single) configured sidelink gap for discovery on one or multiple frequencies depending on its interest. 

As an alternative, option2 can be considered where more than one gap pattern can be configured. With option2, each sidelink gap pattern can be optimally chosen for a certain frequency on which UE has interest of discovery. Option2 also allows the potential to configure less gap subframes than option1 due to the nature of multiple gap patterns where each gap pattern has its own timing offset. Such nature may be beneficial when the concerned discovery pools are not subframe-aligned, where option1 has to configure two or more subframes as gap subframe to cover a single discovery subframe of the concerned discovery pool while option2 may only need to configure one or at most two subframes (two subframe may be required to cover retuning time which takes typically less than 0.5 subframe)  
From the brief comparison between the option1 and 2, it seems that option1 is said to be ‘workable’ solution and option2 is an optimization of the option1 at the expense of slight increase of UE complexity. If the optimization gain with the opton2 seems not meaningful as observed in above paragraph, we would like to go for option1. 
Proposal 4 Network can configure only a single sidelink gap pattern to UE. 
Proposal 5 If sidelink gap pattern is configured, UE can use the gap subframe for discovery on any frequency based on its discovery interest.  
2.3 Sidelink gap request scenarios
Given the option1, one issue to be made clear is whether UE can request the sidelink gap only for a single frequency or for more than one frequency. If we only allow UE to request sidelink gap only for a single frequency at a time, UE has to request sidelink gap multiple times in case UE has interest of discovery on multiple frequencies. Since this is unnecessary waste of radio resources, we prefer to allow UE to request sidelink gap for more than one frequency by a single SidelinkUEInformation message.

Proposal 6 When UE requests sidelink gap, the sidelink gap is intended for discovery on one or multiple frequencies.  
It was agreed that in the sidelink gap request the UE can inform the eNB of the subframes (a.k.a. ‘gap subframe’) on which the UE needs gaps for transmission and/or reception. There may be the case that UE currently does not have any detailed discovery pool configuration for other frequency. To have a closer look at this issue, we think there are at least three cases, as given below in Table 1, depending on whether UE would provide discovery frequency info and whether UE would provide details of requested gap resources. 
Table 1 Cases of sidelink gap request
	Case

	Information in SideUEInformation message
	Remark


	
	Disc Frequency info
	Gap request
	Details of requested gap resources  

(subframe info+timing info)
	

	1
	Absent
	Intra frequency gap
	Absent
	Gap request for intra-frequency discovery

	2
	Present
	Inter-frequency gap
	Present
	Gap request for inter-frequency discovery with details of requested gap resources

	3
	Present
	Inter-frequency gap
	Absent
	Gap request for inter-frequency discovery without details of requested gap resources 

	4
	Present
	Intra and inter-frequency gap
	Absent
	Gap request for intra&inter-frequency discovery without details of requested gap resources 


In case1, UE requests sidelink gap for intra-frequency discovery, so it does not indicate frequency information nor the details of requested gap information that is already known to the serving eNB. Then Serving eNB may provide sidelink gap corresponding to the discovery pool configuration of the current cell. 
In case2, UE requests sidelink gap for inter-frequency discovery, and in this case it indicates to its serving eNB the frequency information and the details of requested gap information. When serving eNB receives the message including both, it knows that this is a gap request for inter-frequency discovery and may configure the proper gap considering the received information.  

In case3, UE requests sidelink gap for inter-frequency discovery, and in this case it indicates the frequency information without including details of requested gap resources. To enable network to have a full control of the gap configuration, network should be able to command UE to acquire the detailed information from cell(s) on the concerned inter-frequency(ies) and to report them to its serving eNB.  
In case4, UE requests sidelink gap for both intra-frequency and inter-frequency discovery, and in this case it indicates frequency information without the details of requested gap information as the UE does not have any detailed gap resource information on inter-frequency discovery. Network may then configure the UE with a finite gap to command the UE to acquire and report the detailed gap resources for inter-frequency discovery.  

Based on the discussion in this sub-clause, we propose that the four cases in Table1 should be distinguishable by network. The realization of distinguishing four classes in the table1 could be done by introducing a gap type field that can be set to either of 1) intra-frequency sidelink gap, 2) inter-frequency sidelink gap or 3) intra- and inter-frequency discovery. The alternative realization would be that UE indicates a separate list of frequencies for which UE is requesting a sidelink gap, and in this case UE does not need to indicate the frequency for intra-frequency sidelink gap but to indicate the frequency for inter-frequency sidelink gap. We prefer to the second option (i.e. separate indication of frequency list) because this option allows network to exactly identify for which frequency UE needs the sidelink gap. With the second option, network can determine whether to configure the UE with a finite gap for acquisition of details of sidelink gap resources.
Proposal 7 UE indicates a separate list of frequencies for which UE is requesting a sidelink gap. 
2.4 Acquisition and reporting of detailed gap resources
As discussed in the previous sub-clause, it may happen that UE does not have any information on the details of requested gap resources for inter-frequency discovery. In order to enable network to have a full control of the gap configuration, network should be able to command UE to acquire the detailed information from the concerned cell(s) on the concerned inter-frequency and to report them to its serving eNB. If the UE is non-CA capable, it should be provided with a finite gap during which the UE can acquire the details of the requested gap resources (subframes and timing offset) from the SIB18 of the concerned cell/frequency. Note that the required duration of the gap depends on the number of frequencies on which UE has interest of discovery. Network may determine the proper value of the gap duration from the number of the frequencies that UE indicated in the SidelinkUEInformation. So we also propose that network be able to provide a finite gap during which the UE attempts to acquire the details of the gap resources (subframes, timing offset) from the concerned cell on the concerned frequency.
Proposal 8 Serving eNB may configure UE with a finite gap during which UE acquires the details of the gap resources to inform. If UE is configured with the finite gap duration, it attempts to acquire the details of the gap resources and timing offset, and reports the acquired information to its serving eNB. 
It is FFS whether network needs to further configure a list of frequencies for which the UE is requested to acquire and report the details of the required gap resources, when configuring the finite gap.  
2.5 Reconsideration of autonomous sidelink gap 
As per the sidelink gap operations, there are some fundamental challenges in both UE and network side. Network cannot easily determine how many subframes and which suframes are most optimal for balancing discovery performance and Uu performance. If more sidelink gap subframes are configured, the Uu performance would be degraded. If less the sidelink gap subframes are configured, the discovery performance would be badly impacted. The optimal point is time-varying, and even situational. In case the UE wants to receive discovery on multiple frequencies in asynchronous deployment, the required amount of gap subframes could be quite excessive, which is not acceptable to network. 
Furthermore, there is no simple solution in case the sidelink gap configured by network happens to include no subframe that is necessary for discovery on a certain frequency of UE’s interest. The lack of overlapping may be intended by network, and if so, even if UE requests sidelink gap again, there is no guarantee that network will provide the proper gap in response unless we have a mechanism for UE explicitly to network.

If there is more than one TX pool and thus RSRP or randomness based pool selection mechanism is to be applied for inter-frequency discovery, UE may have to perform frequent update of the required gap subframes depending on its mobility, and network has to reconfigure the sidelink gap accordingly. This would be a waste of radio resources. 
Considering the above challenges, it seems to worth reconsidering the autonomous sidelink gap option. The benefit of autonomous sidelink gap is that network does not have to know the required sidelink gap subframe because UE autonomously generates the sidelink gap subframes when necessary and allowed. This would simplify network implementation on sidelink gap. Network may have to be able to configure some restriction to control how often or how many sidelink gap subframes UE can generate. The drawback of the autonomous gap is that by the nature of the UE autonomous gap network may schedule some subframes where UE is using the subframe as sidelink gap, leading to a waste of radio resources.     
Proposal 9 Network can configure UE with autonomous sidelink gap option. The control parameters for the autonomous sidelink gap are FFS. 
2.6 The details of gap request (UL) and gap configuration (DL). 

It is questioned if reception gap and transmission gap needs to be separated configured. Even though there is a slightly higher chance for the separate gap to provide slightly better discovery performance, such performance gain is not higher while the complexity of supporting the separate gap is not small. So we think the necessity of separate gaps for reception and transmission is small.   
Proposal 10 No separate gap for SL RX and SL TX, i.e common gap
Indication of subframes for the requested sidelink gap 

UE needs to indicate the requested gap subframes. We can reuse the time domain relevant parameters of current discovery subframe configuration. For example, UE can express the requested subframes by using subframeBitmap, subframeBitmap and discPeriod. UE needs to also indicate timing offset between the current PCell and the timing of the requested gap.  

Proposal 11 UE requests the gap subframes by using the subframeBitmap, subframeBitmap, discPeriod and timing offset. 
2.7 Triggering of sidelink gap request

If there is any update in the message that requests sidelink gap, the UE should be allowed to trigger sending the sidelink gap request to its serving eNB. This is to follow the existing triggering condition applied on SidelinkUEInformation message.  
Proposal 12 The UE is allowed to trigger sending the sidelink gap request to its serving eNB only upon any update in the message that requests sidelink gap (i.e. following the same triggering conditions of SidelinkUEInformation)  

3 Conclusion
Proposal 1 UE requests its sidelink gap by sending SidelinkUEInformation including requested gap information. 

Proposal 2 eNB indicates via broadcast signaling whether UE is allowed to request sidelink gap.

Proposal 3 UE is allowed to request sidelink gap to its serving eNB only if the eNB supports sidelink gap. 
Proposal 4 Network can configure only a single sidelink gap pattern to UE. 
Proposal 5 If sidelink gap pattern is configured, UE can use the gap subframe for discovery on any frequency based on its discovery interest.  

Proposal 6 When UE requests sidelink gap, the sidelink gap is intended for discovery on one or multiple frequencies.  
Proposal 7 UE indicates a separate list of frequencies for which UE is requesting a sidelink gap. 
Proposal 8 Serving eNB may configure UE with a finite gap during which UE acquires the details of the gap resources to inform. If UE is configured with the finite gap duration, it attempts to acquire the details of the gap resources and timing offset, and reports the acquired information to its serving eNB. 
Proposal 9 Network can configure UE with autonomous sidelink gap option. The control parameters for the autonomous sidelink gap are FFS. 

Proposal 10 No separate gap for SL RX and SL TX, i.e common gap
Proposal 11 UE requests the gap subframes by using the subframeBitmap, subframeBitmap, discPeriod and timing offset. 
Proposal 12 The UE is allowed to trigger sending the sidelink gap request to its serving eNB only upon any update in the message that requests sidelink gap (i.e. following the same triggering conditions of SidelinkUEInformation)  
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