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1. Introduction
At RAN2#91, the details of sidelink gaps for discovery were discussed [1]; 
	Agreements on gaps:

· Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and intra-frequency cases for connected mode UEs
· eNodeB controls the gap configuration on a per UE basis 
· The gap created for discovery should take into account additional overhead (for synchronization and subframe offset) and interruption time for retuning.  The actual overhead and interruption time depends on RAN4 discussion.
· The UE can request gaps for discovery reception and/or transmissions.  In the request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission and/or reception.  FFS on what the transmissions subframes correspond to (all allowed transmission subframes or the subframes in which the UE intends to transmit).  FFS when the request is triggered. 


In this contribution, further details of sidelink gaps are considered taking into account the discussions in Rel-12 and Rel-13. 
2. Definition of sidelink gap 
2.1.1. Receiver/reception aspects 
With regards to discovery reception gap, RAN1 was agreed the outline in Rel-12 [2]; 
	RAN1 #78bis Agreements: 

For FDD carriers:

1- At least for UEs with a single Rx chain (FFS subject to the UE capability discussion whether this also applies for UEs with a shared D2D/cellular Rx chain), a UE that is receiving D2D discovery signals on an UL carrier is not expected to read DL signals on the DL carrier paired to such UL carrier during the subframes belonging to the D2D discovery pools on that UL carrier as well as one subframe preceding and following these subframes.

2- The discovery pools are configured by the eNB by broadcast or UE-specific signaling

· FFS: For RRC_CONNECTED UEs, 1 bit may be signalled using RRC signaling indicating whether this rule applies or not (on a per UE basis)

3- Cellular measurement gaps subframes are excluded from this rule
4- Paging reception is prioritized over D2D reception


It should be natural that the definition of Rel-13 sidelink gaps should be aligned with the Rel-12 agreements in RAN1 as much as possible. According to the agreement No.1, the UE is not required to decode any downlink signals in the subframes configured with discovery pools for discovery reception and one subframe preceding and following the subframes for RF re-tuning (i.e., guard period). It should be indicated by the sidelink gap as e.g., the bitmap pattern.  It should be noted that the cellular measurement gaps subframes and the paging reception should be prioritized over the sidelink gap, according to the RAN1 agreements No.3 and No.4. 
Proposal 1 The sidelink gap should indicate the subframes in which the UE is not required to read any downlink signals, except for the measurement gap and the paging message. 
Based on the RAN1 agreements, the intra-frequency measurements are not taken into account, from the perspective of enhancements in Rel-13. Considering the existing measurement gap requirements, intra-frequency measurements should be prioritized over inter-frequency discovery reception. In other words, the sidelink gap may be interrupted by intra-frequency measurements to fulfil the corresponding RAN4 specification. 

Proposal 2 The inter-frequency discovery reception may be interrupted to fulfil the minimum performance for intra-frequency measurements. 
If Proposal 1 is agreeable, the FFS under the RAN1 agreement No.2, For RRC_CONNECTED UEs, 1 bit may be signalled using RRC signaling indicating whether this rule applies or not (on a per UE basis), would be solved by the configuration of sidelink gap, instead of the ”1 bit”. Therefore, when the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour, i.e., ProSe reception does not affect Uu reception (e.g. UEs use DRX occasions in IDLE and CONNECTED to perform ProSe discovery reception or it uses a second RX chain if available) [2].
Proposal 3 If the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour for discovery monitoring. 
It should also be considered how the sidelink gap is configured and coexists with the other prioritized operations, i.e., the measurement gap, the paging occasion and intra-frequency measurement. Three options could be considered as follows; 

· Option 1: The serving cell only assigns the portion of the sidelink gap that doesn't overlap the inter-frequency measurement gap. Also the sidelink gap should not overlap the paging occasions and the intra-frequency measurements. With this option, no further prioritization needs to be defined under UE behaviour, although NW complexity will be increased, e.g., the complexity related to gap configuration may be increased. 

· Option 2: The serving cell refrains from assigning any sidelink gap when there is an overlap with the inter-frequency measurement gap.  With this option, the inter-frequency measurement prioritization is not needed but the UE loses some opportunity to perform discovery reception. Also, the configuration is more complicated. 
· Option 3: The serving cell provides both inter-frequency measurement gap and sidelink gap independently without regards to possible overlap. It may be also independent from the paging occasions and the intra-frequency measurements. With this option, the prioritization needs to be defined, while actual overhead is minimized e.g., by configuration using simple bitmap/pattern. 

Option 1 and 2 rely on NW implementation and the benefit is to avoid the standardization efforts in prioritization for coexistence of the other receiver activities. With Option 3 prioritization needs to be defined but the signalling overhead may be reduced. From the efficiency in practical network, Option 3 is slightly preferred.  It’s FFS whether to include PHICH reception in this prioritization rule. 
Proposal 4 RAN2 should discuss whether a new prioritization rule needs to be defined for the UE to take into account of the possible overlap among the sidelink gap, the measurement gap, the paging occasion and/or the intra-frequency measurement opportunity. 
2.1.2. Transmitter/transmission aspects
The discovery signals are transmitted in one or more occasions within the reception pools, i.e., the transmission occasions are subset of the reception pools. In the subframes indicated by the sidelink gap, the UE does not decode PDCCH and does not receive uplink grants accordingly. However, for the first 4 subframes in the sidelink gap, the uplink transmissions are still possible since the uplink grant may be received in 4 subframes preceding the sidelink gap; therefore the discovery announcements cannot be protected in the first 4 subframes. For the first 4 subframes of sidelink gap, the three alternatives could be considered; 

· Alt.1: The serving cell configures the sidelink gap with 4 subframes ahead of the actual period of discovery resources [3]. 
· Alt.2: The UE is not required to receive uplink grants but still needs to read the other downlink signals in the 4 subframes preceding the sidelink gap [3] (and similar definition in [4]

 REF _Ref429153991 \w \h 
[5][6]). 
· Alt.3: The UE needs to prioritize uplink transmission even during the sidelink gap when the serving cell sends the uplink grant e.g., within the 4 subframes preceding the sidelink gap [3]

 REF _Ref429151484 \w \h 
[7]. 

Although Alt.1 is a simple solution, the missed opportunities for the serving cell to send downlink transmission may not be acceptable. On the other hand, Alt.2 could solve the issues for the missed downlink transmission at the expense of increased standardization efforts. Alt.3 does not require any additional rule for the uplink grant, although the opportunity of discovery transmission may be reduced. If the serving cell wants to go with Alt.3, it can only decide not to configure the sidelink gap since Rel-12 behaviour is “The UE performs intra-frequency ProSe Direct Discovery announcement in subframes in which a ProSe Direct Discovery resource pool is configured. The ProSe Direct Discovery announcement shall not affect Uu transmission and/or reception”[8]. Considering “Gaps introduced for discovery transmitter and reception should apply to both inter-frequency and intra-frequency cases for connected mode UEs”[1] and “To enhance inter-carrier discovery performance for the non-dedicated transceiver case, gaps will be introduced to allow reusing an RF transmitter/receiver chain for direct discovery transmissions/receptions”[9], it’s slightly our preference to define the sidelink gap with Alt.2 which has different meaning from Rel-12 behaviour. 
Proposal 5 If the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour for discovery transmission (i.e., Alt.3). 
Proposal 6 The UE should not be required to receive uplink grants in the 4 subframes preceding the sidelink gap (i.e., Alt.2). 
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Fig. 1
Sidelink gap with Alt.2 from the perspective of transmission
3. Configuration of sidelink gap 
It’s still unclear whether the sidelink gap is configure with single gap or separate gaps. With separate gaps, it may bring the differentiations with either Type 1 discovery or Type 2B discovery [10], either announcing or monitoring [10]

 REF _Ref421203868 \w \h 
[11]

 REF _Ref421203790 \w \h 
[12], and/or either per-frequency or per-PLMN [13]. For simplicity and to reduce signalling overhead, the sidelink gap should be defined with a single “pattern” of subframes in which the UE is not required to read downlink signals as in Proposal 1. It’s similar to the existing specification for measurement gap, wherein “NOTE: The UE applies a single gap, which timing is relative to the MCG cells, even when configured with DC”[14]. It’s up to UE implementation which frequency the UE performs discovery announcing/monitoring during the sidelink gap configured. It could also allow the network some degree of freedom for sidelink gap configuration, e.g., it’s up to network implementation to adjust the balance between Uu services and discovery performance. 
Proposal 7 The sidelink gap should be depicted by a single “pattern” of concerned subframes. 

[image: image2.emf]Intra-PLMN F2

Reception

Intra-PLMN F2

Type 1 transmission

Intra-PLMN F2

Type 2B transmission

PLMN 3

PLMN 2

Serving frequency

Single sidelink gap


Fig. 2
Single sidelink gap configuration
4. Request of sidelink gap 
4.1. Contents in the request 
In RAN2#91, it was agreed that “The UE can request gaps for discovery reception and/or transmissions.  In the request the UE can inform the eNB of the subframes (corresponding of the timing of the serving cell) on which the UE needs gaps for transmission and/or reception” [1], which facilitate the serving cell to determine appropriate sidelink gap for this UE, e.g., under the uncoordinated PLMN scenario.  It’s FFS on “what the transmissions subframes correspond to (all allowed transmission subframes or the subframes in which the UE intends to transmit)”. With regards to the signalling overhead, it could be the same regardless of the definition of subframes informed, if the subframe is depicted by a bitmap pattern.  Considering the serving cell has the responsibility of resource scheduling, the subframes information should be all allowed subframes. It allows the serving cell to decide appropriate gap pattern for the UE, taking into account e.g., QoS of Uu communication.  
Proposal 8 The subframes informed in the sidelink gap request should be all allowed transmission and reception subframes, thus close the FFS. 
In this sense, the subframes for transmission and reception should be informed separately in the request, i.e., one pattern for transmission subframes and other pattern for reception subframes. In addition, the subframe patterns should be also separated for each frequency in which the UE is interested. So, each subframe pattern should be informed with the associated to “tags” such as Tx/Rx, frequency and/or PLMN ID. 
Proposal 9 The UE should inform the serving cell of the separate subframe patterns including tags associated with transmission/reception, frequency and/or PLMN ID. 
However, if the UE informs of such separate subframe patterns for every frequency, it will cause excessive signalling overhead. So, it’s preferable to only allow the UE to inform the serving cell of the subframe patterns if the serving cell needs them. Therefore, it should be worth considering whether there is the condition to reduce the overhead. 
In the scenario of intra-PLMN and coordinated inter-PLMN, the serving cell may already know the resource pool configurations (and possibly the timing offsets for SFN alignment [15]) of neighbour eNBs belonging to the other frequencies. In this case, it could be considered that the UE only informs the serving cell of the frequencies of interest as the sidelink gap request, so that the serving cell could determine the sidelink gap for this UE. The frequency information could reuse the current agreement which is currently allowed only for public safety use case [9]. Therefore, the agreement should be enhanced for commercial use case. In addition, the serving cell should provide the information for each frequency whether or not the UE should include the subframe patterns in the sidelink gap request. 
Proposal 10 A UE in RRC_CONNECTED only indicates to the eNB the frequency in which direct discovery for commercial use case is desired, when the eNB has the knowledge of resource configuration on that frequency.
4.2. Trigger of the request 
It’s also FFS “when the request is triggered”[1]. When the UE is interested in discovery transmission, two scenarios on how the UE may initiate discovery transmissions are as follows; 
· Scenario 1: The UE requests only the discovery resources and not the sidelink gap 

For inter-frequency discovery transmission, it’s performed when ”the network can signal […] the UE is expected to request resources from the serving cell for that carrier”[1]. 
For intra-frequency discovery transmission, the scheduled resource allocation is performed as it is in Rel-12 [8]. 

· Scenario 2: The UE autonomously obtain the discovery resources and also requests sidelink gap 

For inter-frequency discovery transmission, it’s performed when ”the network can signal […] the UE should autonomously read the SIB19 of the signaled carrier”[1]. 
For intra-frequency discovery transmission, the UE autonomous resource selection is performed as it is in Rel-12 [8]. 
In case of Scenario 1, it’s obvious the eNB knows the sidelink gap for this UE since the eNB knows the transmission resources allocated to the UE. Although it’s still unclear whether the sidelink gap is configured explicitly or implicitly, i.e., whether to configure the sidelink gap together with resource allocation, there is no need for the UE to send a sidelink gap request when the UE requests the dedicated transmission resources. 
Proposal 11 When the UE requests the dedicated transmission resources to the serving cell, the sidelink gap request should not be triggered. 
In case of Scenario 2, the eNB does not know whether the UE needs the sidelink gap since the UE autonomously obtains the transmission resources. So, the UE should be allowed to request the sidelink gap. 
Proposal 12 When the UE autonomously obtain the transmission resources from SIB19, the UE should be allowed to request the sidelink gap if it needs. 
It was proposed that the sidelink gap should be de-configured [7], e.g., when the UE is no longer interested in nor need the sidelink gap, in order to maximize the opportunity of Uu scheduling. Furthermore, the UE would notice the need to reconfigure the sidelink gap already configured due to change of some condition whereby e.g., the resource configuration is changed in SIB19 of other frequencies, the UE is not interested in inter-PLMN discovery but still interested in intra-PLMN, or the access restriction status is changed as suggested in [16] etc. So, the UE should also inform the serving cell when the condition is changed. 
Proposal 13 To de-configure or reconfigure the sidelink gap, the UE should inform the serving cell of the information regarding change of e.g., UE’s interest, transmission resource configuration and/or access restriction status on other carrier. 
5. Conclusion 
In this contribution, the further details of sidelink gap are considered from both perspectives of transmitter and receiver. The configuration and the trigger of request are also discussed and the solutions are provided. RAN2 is kindly asked to take into account the proposals below; 
Proposal 1
The sidelink gap should indicate the subframes in which the UE is not required to read any downlink signals, except for the measurement gap and the paging message.
Proposal 2
The inter-frequency discovery reception may be interrupted to fulfil the minimum performance for intra-frequency measurements.
Proposal 3
If the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour for discovery monitoring.
Proposal 4
RAN2 should discuss whether a new prioritization rule needs to be defined for the UE to take into account of the possible overlap among the sidelink gap, the measurement gap, the paging occasion and/or the intra-frequency measurement opportunity.
Proposal 5
If the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour for discovery transmission (i.e., Alt.3).
Proposal 6
The UE should not be required to receive uplink grants in the 4 subframes preceding the sidelink gap (i.e., Alt.2).
Proposal 7
The sidelink gap should be depicted by a single “pattern” of concerned subframes.
Proposal 8
The subframes informed in the sidelink gap request should be all allowed transmission and reception subframes, thus close the FFS.
Proposal 9
The UE should inform the serving cell of the separate subframe patterns including tags associated with transmission/reception, frequency and/or PLMN ID.
Proposal 10
A UE in RRC_CONNECTED only indicates to the eNB the frequency in which direct discovery for commercial use case is desired, when the eNB has the knowledge of resource configuration on that frequency.
Proposal 11
When the UE requests the dedicated transmission resources to the serving cell, the sidelink gap request should not be triggered.
Proposal 12
When the UE autonomously obtain the transmission resources from SIB19, the UE should be allowed to request the sidelink gap if it needs.
Proposal 13
To de-configure or reconfigure the sidelink gap, the UE should inform the serving cell of the information regarding change of e.g., UE’s interest, transmission resource configuration and/or access restriction status on other carrier.
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