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Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Sidelink gap has been introduced for both intra-frequency and inter-frequency direct discovery in RAN2#91 meeting [1]. The details on when to trigger and how to perform the gap request are not clear yet. This contribution provides considerations on these aspects.
Discussion 
Gap request and resource allocation mode
There are two modes of resource allocation for discovery message announcement, one is UE autonomous resource selection (type 1) and the other is scheduled resource allocation (Type 2B). For type 2B mode discovery, the serving eNB assigns resources for the UE; therefore the serving eNB knows exactly the subframes where the UE is scheduled to send announcements. It is then not necessary for UE to request sidelink gap.
But for Type 1 discovery, the UE autonomously selects the resources for announcing discovery messages, and the subframes on which the resources are selected only occupy a small fraction in the whole discovery announcement resource pool. The serving eNB is not able to know where the announcing occasion takes place. Further, in uncoordinated inter PLMN scenario, even the resource pool for discovery announcements of neighbour eNBs on other carrier is not known to the serving eNB, which makes knowing the exact subframe for discovery occasion difficult if not impossible.  
Therefore only a UE using Type 1 discovery resource allocation needs to take into account the gap request and configuration. 
Observation 1: Only a UE using Type 1 discovery resource allocation needs to take into account the gap request and configuration.
 What do the transmission subframes in gap request correspond to?
As agreed in RAN2#91, the UE can request gaps for discovery reception and/or transmission. In the request the UE can inform the eNB of the subframes (corresponding to the timing of the serving cell) on which the UE needs gaps for transmission and/or reception. It is FFS on what the transmissions subframes correspond to (all allowed transmission subframes or the subframes in which the UE intends to transmit). In other words, all allowed transmission subframes correspond to all subframes belonging to a type 1 announcement resource pool. Subframes in which the UE intends to transmit correspond to the subframes the UE has selected from the type 1 announcement resource pool. 
In our understanding, the latter approach (the subframes in which the UE intends to transmit) is hard to be supported. Type 1 resource allocation allows the UE to randomly select the resource for discovery announcement within each discovery period. That is, the relative positions of the subframes selected by the UE change from time to time. As shown in figure 1, the UE may select No.7 subframe in the first discovery period and may select No. 9 subframe in the second discovery period. Therefore the UE has to change its gap request per discovery period and then wait for corresponding gap configuration from the eNB. This may lead to a lot of signaling overhead. And if a short discovery period is configured, it is likely that the gap could not be configured in timely manner. Based on the above discussion, it is believed that the UE should inform the eNB about all allowed transmission subframes.


Figure 1: Send request of subframes in which the UE intends to transmit
Proposal 1: Transmissions subframes in gap request correspond to all allowed transmission subframes.
Trigger of gap request 
In intra PLMN and coordinated inter PLMN scenario, the eNB knows all resource pool information. If the UE wants to request gap for sidelink monitor/announcement, the UE may send an indication with pool information to the serving eNB. In uncoordinated inter PLMN scenario, it is possible that the eNB does not know the detailed resource pool of other carriers. Therefore, the UE first acquires the sidelink discovery resource configuration of other carriers by reading SIB19 of the carriers of uncoordinated PLMNs. After this, the UE informs the serving eNB about the pool information of other carriers. 
The trigger of gap request then depends on whether the serving eNB has detailed discovery resource pool info of other carriers. For example, if the eNB does not provide the detailed discovery resource pool configuration of other carriers, the UE sends the gap request after the UE has acquired the desired resource pool information from other carriers. If the eNB provides the detailed discovery resource pool configuration of other carriers, the UE only needs to send the carrier indication on which the UE wants to announce discovery message.
Proposal 2: The trigger of gap request depends on whether the serving eNB has detailed discovery resource pool info of other carriers. 
Single gap or multiple gaps
Another issue is whether using a single gap or multiple gaps. RAN2#91 meeting has agreed to apply gaps for intra frequency and inter frequency, for monitoring and announcement. So it is possible that the eNB may configure multiple gaps for a single UE. This may introduce unnecessary complexity to manage so many gaps. In addition, it is possible that time intervals of different gaps may overlap; in this case configuring overlapping gaps separately is wasting bandwidth. Actually the UE knows exactly how to use every subframe in each gap; if the eNB configures a single gap for intra/inter PLMN and for monitor and transmitting, the UE can use the gaps based on its intention. As shown in figure 2, a single sidelink gap can be used instead of multiple gaps for the same UE.


Figure 2: Sidelink gap pattern
On the other hand, it is possible that the desired resource pools are not overlapping. In this case, in order to provide a single sidelink gap, the eNB needs to reallocate new gap pattern parameters like cycle length, bitmaps, etc. The eNB needs to reallocate the parameter again when the desired carriers changes. In this case, a single gap doesn’t have any gain and introduces complexity to the eNB.
Based on the discussion above, a single gap is appropriate for the scenario where desired resource pools are not overlapping and multiple gaps are appropriate for the scenario where desired resource pools are overlapping. Therefore it is proposed that both single gap and multiple gaps are valid for the gap request. 
Proposal 3:  Both single gap and multiple gaps are needed for the gap request.
Pattern of sidelink gap and gap request
Another issue is what is the pattern of sidelink gap and gap request?
The pattern of sidelink gap or gap request may be in the form of a TDM pattern (DRX like), as shown in Figure 3. The TDM pattern would be split into two main types of periods: scheduling periods and unscheduled period. Scheduling periods indicate to the eNB that the UE shall perform ProSe discovery within such time durations and the unscheduled periods indicate that WAN communication may be scheduled during such time durations. In addition to the TDM pattern, the gap request could be in the form of a bitmap, where “1” stands for desired scheduling period and “0” stands for unscheduled period, as shown in Figure 4.


Figure 3: TDM pattern 
	1111101111 1111111111 0111111111


Figure 4: Bitmap pattern
Sidelink gap is designed based on the discovery pool. Therefore, it seems hard to design an appropriate TDM (DRX like) pattern to fulfill these discrete allocated subframes. If a single sidelink gap is configured then it seems too complex to design an appropriate gap in TDM pattern (DRX like). Therefore, the pattern of sidelink gap or gap request should include a bitmap of desired scheduling period and unscheduled period, repetition, offset and period as well. 
Proposal 4: Pattern of sidelink gap or gap request should include a bitmap of desired scheduling period and unscheduled period, repetition, offset and period as well.
Sidelink Gap request procedure
The procedure is similar to the UE assistance information procedure agreed e.g. in IDC.


Figure 5: Sidelink gap configuration
As shown in Figure 5, it is up to the UE to create a gap request when a RRC_CONNECTED UE is interested to intra/inter announcement/monitoring discovery. As agreed in RAN2#91, the gaps are valid for inter/intra frequency. And as agreed in RAN2#90, for intra-PLMN or coordinated inter-PLMN, the serving eNB can provide direct discovery resource information for other carriers using dedicated signalling or broadcast signalling. So the UE can acquire the resource configuration information of sidelink discovery on other carriers directly from the serving cell. On the other hand, it was also agreed in RAN2#90 that the UE can read SIB19 of the other carriers to acquire the resources for direct discovery transmission. So the UE also can acquire the resource configuration information of other carriers for direct discovery by reading SIB19 of the carriers of uncoordinated PLMNs. 
Based on this information, as shown in step1, the UE may decide when and on which carrier it shall monitor or announce discovery messages and then create a gap request to help the eNB make the gap pattern configuration. The subframes in a gap request are all the allowed transmission subframes. In this way, if the UE intends to request gaps in intra PLMN and coordinated inter PLMN scenarios, the UE informs the eNB about the pool information it intends to use for direct discovery. If the UE intends to request gaps in uncoordinated inter PLMN scenario, the UE informs the eNB about the detailed resource pool information. 
In step 2, after the UE creates the assistance gap request, the UE sends it to its serving eNB. In step 3, the eNB shall be responsible for the final gap pattern configuration based on the gap request information. In step 4, a single sidelink gap or multiple sidelink gaps are sent to the UE. In step 2 and step 4, the pattern of sidelink gap or gap request should include a bitmap of desired scheduling period and unscheduled period, offset and period as well. 
In step 5, after receiving the configuration from the eNB, the UE should perform discovery on the allowed subframes as indicated by the eNB.
Proposal 5: Capture the above procedure for sidelink gap request.
Conclusion
In this contribution we discussed detail gap request and triggers. A few proposals are derived.
Observation 1: Only UE using Type 1 discovery resource allocation needs to take into account the gap request and configuration.
Proposal 1: Transmissions subframes in gap request correspond to all allowed transmission subframes.
Proposal 2: The trigger of gap request depends on whether the serving eNB has detailed discovery resource pool info of other carriers. 
Proposal 3:  Both single gap and multiple gaps are needed for the gap request.
Proposal 4: Pattern of sidelink gap or gap request should include a bitmap of desired scheduling period and unscheduled period, repetition, offset and period as well.
Proposal 5: Capture the procedure for sidelink gap request.
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