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1. Introduction
At RAN2#90, it was agreed to introduce the gaps for discovery transmissions/receptions [1]; 
	· 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.   The gaps should be under network control.  FFS if the gap applies both for intra and inter-frequency.  


In this contribution, the details of sidelink gaps for Rel-13 discovery are considered taking into account the discussions in Rel-12 and Rel-13. 
2. Definition of sidelink gap 
The agreement intends the sidelink gaps should allow the UE to reuse its own single RF chain, consisting of a transmitter and a receiver, for the purpose of downlink/uplink to the serving cell (over Uu) and inter-carrier sidelink discovery (over PC5) in time-division manner. It could be interpreted that the sidelink gaps can be applicable to both of discovery announcing and monitoring, i.e., Tx and Rx. 
Observation 1 The sidelink gap can be applied to transmission and reception. 
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. 
Proposal 2 The subframes configured with measurement gaps and paging occasions should be prioritized over discovery reception. 
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 3 The inter-frequency discovery reception may be interrupted to fulfil the minimum performance for intra-frequency measurements. 
If Proposal 1 and Proposal 2 are 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 4 If the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour for discovery monitoring. 
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Fig. 1
Sidelink gap from the perspective of reception 

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 discovery 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 5 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 two alternatives could be considered; 

· Alt.1: The serving cell configures the sidelink gap with 4 subframes ahead of the actual period of discovery resources. 
· 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. 
· 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. 

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. Since one of the objectives of this WI is “3) Enhance D2D discovery support in the presence of multiple carriers and PLMNs” [3], it’s slightly our preference to maximize both occasions for Uu and discovery with Alt.2. 
Proposal 6 The UE should not be required to receive uplink grants in the 4 subframes preceding the sidelink gap. 
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Fig. 2
Sidelink gap with Alt.2 from the perspective of transmission
2.1.3. Single sidelink gap configuration 
The sidelink gap has implied various assumptions; for example, the agreements states that “FFS if the gap applies both for intra and inter-frequency” [1], i.e., whether the gap is only for inter-frequency discovery or for both? If it is for both then it should be decided whether it uses single gap or separate gaps? In addition, it may bring the differentiations with either Type 1 discovery or Type 2B discovery [4], either announcing or monitoring [4]

 REF _Ref421203868 \w \h 
[5]
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[6], and/or either per-frequency or per-PLMN [7]. Although companies did not mention the necessity of separate gaps for each usage in their contributions [4]
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[6]
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[7], RAN2 should avoid excessive variations for sidelink gaps. 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 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. 
If Proposal 7 is agreeable, the sidelink gap should be also applicable to intra-frequency discovery announcing and monitoring. 
Proposal 8 The sidelink gap should be also applicable to intra-frequency discovery, thus close the FFS. 
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Fig. 3
Single sidelink gap configuration
3. Determination of sidelink gap 
As agreed in the last meeting, the gaps should be under network control [1], thus the serving cell needs to determine the sidelink gap. In the scenario of intra-PLMN and coordinated inter-PLMN, the serving cell knows the resource pool configurations (and possibly the timing offsets for SFN alignment) of neighbour eNBs belonging to the other frequencies. In this case, if the UE informs the serving cell of the frequencies of interest, the serving cell could easily 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 [1]. Therefore, the agreement should be enhanced for commercial use case. 
Proposal 9 A UE in RRC_CONNECTED shall indicate to the eNB the frequency in which direct discovery transmission is desired, for public safety and commercial use cases.
However, there are the two cases that the serving cell could not determine the sidelink gap for the UE, the uncoordinated inter-PLMN and the pre-configured resources. In these cases, the baseline could be considered as the behaviour in Rel-12 direct communication as follows [8]; 
	A UE that is camped or connected on one carrier frequency but interested in ProSe Direct Communication operation on another carrier frequency (i.e. Public Safety ProSe Carrier) shall attempt to find cells on the Public Safety ProSe Carrier. 

-
An RRC_IDLE UE camped on a cell in another carrier frequency, but in the coverage area of an E-UTRA cell on Public Safety ProSe Carrier may consider the Public Safety ProSe carrier to be the highest priority; and reselects to the cell on the Public Safety ProSe Carrier. UE may consider a frequency (non-Public Safety ProSe carrier) to be the highest priority if it can perform ProSe Direct Communication only while camping on the frequency;

-
An RRC_CONNECTED UE served by a cell in another carrier frequency may send a ProSe UE Information indication to its serving cell when it wants to perform ProSe Direct Communication. The indication contains the intended Public Safety ProSe Carrier;

-
The serving cell indicates with the presence of SIB 18 whether the UE is allowed to send a ProSe UE Information indication;

-
The serving cell may configure an inter-frequency RRM measurement on the Public Safety ProSe Carrier;

-
Once the UE enters coverage of a cell on the Public Safety ProSe Carrier, based on measurement report the eNB performs inter-frequency mobility to the Public Safety ProSe Carrier;

-
If inter-frequency mobility is not performed by the serving cell, or if it fails, the UE may still perform ProSe Direct Communication using UE autonomous resource selection from the resource pools, if any, broadcasted by the detected E-UTRA cell on the Public Safety ProSe Carrier.

-
If the UE does not detect an E-UTRA cell on the Public Safety ProSe Carrier, the UE can use Public Safety ProSe Carrier resources preconfigured in the UICC or ME for out of coverage ProSe Direct Communication;


The Rel-12 behaviour may be reused for Rel-13 public safety discovery and it’s the simplest solution. However, it’s worth considering how Uu communication is maintained even if the UE is performing public safety discovery on a specific carrier. In order for the serving cell to assign the sidelink gap with least amount of interruption to Uu communication, the serving cell should know the discovery resources provided by the un-coordinated, inter-PLMN cells. In this case, the UE may need to inform the serving cell of the information obtained from SIB or UICC, similar to the approach suggested in [4]. 
Proposal 10 For the uncoordinated inter-PLMN scenario, the UE should inform the serving cell of the discovery resources on the non-serving frequency for sidelink gap determination. 
It may be also beneficial that the information could include not only the discovery resources but also the timing offset for SFN alignment among PLMNs. To reduce the signalling overhead, the reference point of discovery resource on the non-serving cell could be aligned with the serving-cell’s SFN before the UE informs of it [6]. 
Proposal 11 If Proposal 10 is agreeable, RAN2 should consider if the timing offset of the non-serving PLMN may be provided to the serving cell.
In addition, the behaviour for Rel-12 ProSe communication was assumed under the limitation that “For Rel-12 all ProSe communication (for a UE) is performed on a single preconfigured Public Safety ProSe Carrier, which is valid in the operating region. Higher layers check validity of the Public Safety ProSe Carrier in the operating region” [8]. In Rel-13 inter-PLMN discovery, the case whereby the other PLMN is a commercial operator (which is not on the public safety carrier) should not be precluded since discovery was intended to cover commercial use case since Rel-12. In light of the market demands and for future proofing [9]
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[10], it may be desirable for the UE to maintain links over both Uu and PC5 interfaces to communicate with proximity UEs and far away servers. If the sidelink gap is allowed to be configured for this scenario, the UE should inform the serving cell the resource information associated with the uncoordinated PLMN(s) [6][11]. The frequencies associated with the uncoordinated PLMN(s) should also include frequencies operated on e.g., V2V dedicated spectrum in 5.9GHz [9]
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[12]
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[13]. 
Proposal 12 The uncoordinated inter-PLMN should also include non-Public Safety PLMNs. 
4. Conclusion 
In this contribution, the details of sidelink gap are considered from both perspectives of transmitter and receiver with the result that  the single configuration of sidelink gap should be supported. The sidelink gap and enhancement of sidelink UE information are identified. In addition, possible scenarios for Rel-13 discovery are provided. RAN2 is kindly asked to take into account the observations/proposals below; 
Observation 1
The sidelink gap can be applied to transmission and reception.
Proposal 1
The sidelink gap should indicate the subframes in which the UE is not required to read any downlink signals.
Proposal 2
The subframes configured with measurement gaps and paging occasions should be prioritized over discovery reception.
Proposal 3
The inter-frequency discovery reception may be interrupted to fulfil the minimum performance for intra-frequency measurements.
Proposal 4
If the sidelink gap is not configured by the serving cell, the UE should follow the Rel-12 behaviour for discovery monitoring.
Proposal 5
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 6
The UE should not be required to receive uplink grants in the 4 subframes preceding the sidelink gap.
Proposal 7
The sidelink gap should be depicted by a single “pattern” of concerned subframes.
Proposal 8
The sidelink gap should be also applicable to intra-frequency discovery, thus close the FFS.
Proposal 9
A UE in RRC_CONNECTED shall indicate to the eNB the frequency in which direct discovery transmission is desired, for public safety and commercial use cases.
Proposal 10
For the uncoordinated inter-PLMN scenario, the UE should inform the serving cell of the discovery resources on the non-serving frequency for sidelink gap determination.
Proposal 11
If Proposal 10 is agreeable, RAN2 should consider if the timing offset of the non-serving PLMN may be provided to the serving cell.
Proposal 12
The uncoordinated inter-PLMN should also include non-Public Safety PLMNs.
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