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1. Introduction
The introduction of inter-PLMN discovery was agreed in RAN2#87 [1]; 
	Agreements
1
RAN2 aims to support of Inter-Frequency and Inter-PLMN discovery for monitoring UEs will be introduced.

2
An eNB may provide in SIB a list of (intra-PLMN-inter-frequency and/or inter-PLMN-inter-frequency) carriers (possibly with the corresponding PLMN ID) on which the UE may aim to receive ProSe discovery signals. 


A cell does not provide detailed ProSe configuration (SIB18) for other carriers. If a UE wants to receive ProSe discovery signals on another carrier, it needs to read SIB18 (and other relevant SIB) from there. 

[…]
3
UEs transmit ProSe discovery signals only on their serving cell (if authorized by the NW). 

4
Intra- and inter-frequency (and inter-PLMN) 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). The UE shall not create autonomous gaps. 


If the UE has to obtain ProSe discovery (2a) configuration from the SIB of an inter-frequency cell, this does not affect the UE’s Uu reception on the serving cell(s).

5
An RRC CONNECTED UE interested (or no longer interested) in intra- or inter frequency ProSe discovery reception indicates this by sending a “ProSe indication” to the eNB (further restrictions to be discussed). 


In the following RAN2#87bis, the open issues on D2D discovery were captured in [2] but some of issues were not discussed; 

	Open issues

[…]

3) Need for additional gaps (besides DRX occasions) in which the UE can tune to other frequencies for receiving ProSe discovery signals? If so, should those be autonomous or configured? If configured, how does the eNB where to provide them? 

4) Further need to clarify prioritization between Uu and PC5 transmission/reception?


In this contribution, the open issues are discussed in support of inter-frequency/inter-PLMN discovery in Rel-12. 
2. The need for additional gaps for discovery monitoring
RAN1 had performed evaluation of D2D discovery in the study phase and the results were captured in the TR [3]. According to the system level simulation in Fig 1 of [3], the discovery performance, as measured by the number of devices discovered, is dependent on the number of periods the UE can announce/monitor discovery signals. However, even if sufficient discovery periods are provided by the network, the number of devices discovered is contingent on the opportunities for the UEs to announce/monitor during the discovery periods. For intra-frequency discovery, since the serving cell provides the reception pools of both the serving cell and the neighbour cells, the discovery performance is guaranteed according to the rule agreed in RAN1#78bis as follows [4]; 
	Agreement:

· For FDD carriers:

· 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 

· 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)

· Cellular measurement gaps subframes are excluded from this rule

· Paging reception is prioritized over D2D reception 

· For TDD carriers:

· A UE configured by the eNB to monitor D2D on a certain carrier is expected to read DL signals on that carrier according to legacy procedures.


And for inter-frequency or inter-PLMN discovery, the UE, with a single Rx chain, may use DRX occasions to avoid any degradation to Uu reception, as depicted in Fig. 2. As suggested in [5]

 REF _Ref397456996 \w \h 
[6][7], ProSe discovery using only DRX occasion may result in degradations of the discovery performances, i.e. best-effort discovery and the number of devices discovered will be significantly limited even if there were sufficient discovery periods. 
Observation 1: If only existing DRX occasions are used, discovery opportunities may be severely limited.
To ensure moderate performance for inter-frequency and inter-PLMN discovery and to realize some of the performance gains from the discovery periods provided by the network, additional gaps for discovery monitoring should be introduced. The gaps may be based on the subframes belonging to the D2D discovery pool for the specific UL carrier considering RAN1’s agreements above. 
Proposal 1: Gaps for discovery monitoring should be introduced in addition to the existing DRX occasion. 
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Fig. 1
Evaluation results for discovery in study phase (refer to Figure 10.1-1 in [3])
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Fig. 2
Limited occasion of inter-frequency discovery monitoring for UE with single Rx chain
3. Additional gaps
3.1. Working assumptions
To form a common view as working assumption, the knowledge of the serving cell should be clarified. 

With intra-PLMN discovery, it may be assumed that the serving cell has knowledge of the detailed ProSe discovery information of its neighbour cells although it’s already agreed that the serving cell does not provide detailed ProSe discovery information for inter-frequency neighbour cells in SIB19. It’s up to OAM or deployment policy whether the eNB is configured with such information. 
However, we believe such tight coordination among networks should not be extended to inter-PLMN discovery, as discussed in RAN2#87 [1]; 
	-
[…] Ericsson is just concerned that any solution that we do for inter-PLMN support should be simple. ZTE agrees with Ericsson.
[…]

-
Vodafone thinks that it will be difficult to transmit in the SIB of a carrier in one PLMN about ProSe discovery on another PLMN is challenging and could certainly not be dynamic. DT does not expect it to be dynamic. Ericsson agrees with Vodafone.


Confirmation 1: As a working assumption, tight coordination among PLMNs should not be assumed, while it may be assumed for intra-PLMN case. 

According to the working assumption in Confirmation 1, OAM may be able to provide the necessary coordination among inter-frequency, intra-PLMN cells such that the serving cell would be able to configure the UE with appropriate gaps, e.g. DRX configuration. However, for the inter-PLMN scenario, the situation is different and no coordination among cells belonging to different PLMNs may be assumed. Therefore, the serving cell should have a means to obtain the information from the UE as suggested in [9][10], since the UE may have already obtained the information directly from cells belonging to other PLMNs, e.g. during DRX occasion. 
Proposal 2: There should be a means for the serving cell to obtain detailed ProSe discovery information from the UE.
If Proposal 2 is agreeable, RAN2 should also consider the control for the overhead associated with the transfer of detailed ProSe discovery information from the UE to the serving cell. If the serving cell were able obtain detailed ProSe discovery information through OAM, it isn’t necessary for the UE to provide such information to the serving cell.  Additionally, if the serving cell already obtained such information from a UE it won’t be necessary for other UEs to provide the same information, as long as the information has the same contents. Therefore, the serving cell should indicate in SIB or dedicated signalling whether the UE should provide the detailed ProSe information from inter-frequency neighbour cells. 
Proposal 3: The serving cell should have a means to indicate in SIB or dedicated signalling (possibly for each frequency carrier listed in SIB19) whether the serving cell has already acquired all the inter-frequency neighbour cell information needed for assigning discovery gaps to the UE. 
3.2. Additional gap alternatives
If Proposal 1 is agreeable, additional gap alternatives should be discussed. The possible alternatives listed below were previously provided in [5]

 REF _Ref401756872 \w \h 
[7][8][9], 
· ALT 1: Reuse the existing measurement gap (section 4.1.2.1 in [5] and Option 1 in [8]). 
· ALT 2: Autonomous gap under permission of the serving cell (Solution 2 in [7] or Option 2 in [8]). 
· ALT 3: New discovery gap configured by the serving cell (“pre-configured gap pattern in Solution 1 in [7] or “new gap design” of Option 3 in [8]). 

· ALT 4: New discovery gap configured by the serving cell, which is based on a gap pattern requested by the UE (Option 2 in [9]). 
With ALT 1, the existing measurement gap may be a mismatch with the complex resource pool pattern and may not ensure reasonable discovery performance as described in Observation 1. The existing measurement gap is fixed at 6 subframes while the discovery period is configurable from 32 – 1024 radio frames [11]. In addition, it may be necessary to clarify in the specification when the existing gap for inter-frequency measurements may be reused for discovery monitoring. Based on the rule in [4], cellular measurement gaps are excluded for use in ProSe discovery. If the extended DRX configuration could be reused for discovery monitoring, the definition of the Power Preference Indication should be extended to allow its use for ProSe discovery. But even with such an extension, it may still not be possible to cover all the necessary discovery periods without further coordination. 
Regarding ALT 2, although it was already agreed at RAN2#87 that the UE shall not create autonomous gaps [1], it may be useful as long as it’s allowed by the serving cell, especially if the UE can obtain the patterns of resource pools of other carrier by decoding SIB19s as pointed out in [9]

 REF _Ref401764783 \w \h 
[10]. This is particularly beneficial in the inter-PLMN scenario, since it is assumed that the serving cell has no knowledge of detailed ProSe discovery information belonging to inter-PLMN cells.
ALT 3 may work well in the intra-PLMN case; however, it’s questionable if it will also work for inter-PLMN case due to lack of knowledge in the serving cell, as mentioned above. 
ALT 4 may be considered as a harmonized solution between ALT 2 and ALT 3 and it can also provide a unified mechanism for support of both intra- and inter-PLMN discovery. Therefore, ALT 4 should be introduced as the baseline mechanism for the additional gap for discovery monitoring. 
Proposal 4: The serving cell should configure the UE with gaps for inter-frequency and/or inter-PLMN discovery monitoring, which may be based on a gap pattern requested by the UE.
4. Discovery monitoring gap details 
4.1. Request of gap assignment from the UE
Assuming the UE can obtain the resource pool configurations of interest directly from the SIB of other carriers including other PLMNs, the UE could inform the serving cell of the desired gap patterns for discovery monitoring. The gap pattern should be based on the subset of the RRC parameter defined by RAN1 [11], i.e., discoveryPeriod, discoveryOffsetIndicator, discoverySubframeBitmap and discoveryNumRepetition for the serving cell and neighbour cells. Therefore, the IE structure should be common with the parameters. 
Proposal 5: The gap pattern requested by the UE should be based on the subset of the RRC parameters defined by RAN1. 
Following the current agreements, the resource pool offset, which is described by discoveryOffsetIndicator, should be provided with respect to SFN=0 of the serving cell as one value. 
Proposal 6: discoveryOffsetIndicator for the gap pattern in the request sent from the UE should be provided with respect to SFN=0 of the serving cell as one value.
The issue to be discussed is whether the request contains only one pattern or multiple patterns, i.e., an integrated pattern for all other carriers or separated patterns for each carrier. Although the separated patterns may allow more flexibility for the gap assignment performed in the serving cell, from overhead reduction perspective it’s preferred to inform of an integrated pattern in the request. 
Proposal 7: A single pattern which integrates all resource pool patterns of interest should be informed in the request from the UE. 
Obviously, the request is triggered by the UE’s interest in discovery monitoring. Therefore, it’s quite natural to include the request of gap assignment in the ProSe Indication. If Proposal 3 is acceptable, it may be also under control of the serving cell whether the UE includes the gap pattern in the request. 
Proposal 8: The ProSe Indication may include the request of gap assignment with required gap pattern. 
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Fig. 3
Concept of the single gap pattern requested in ProSe Indication

4.2. Gap assignment as response to the UE
Upon reception of the ProSe Indication which includes the request of gap assignment, it is up to the serving cell to decide whether to use the UE requested gap pattern for gap assignment through dedicated signalling. 
Proposal 9: Upon reception of the ProSe Indication which includes the request for gap assignment, the serving cell may configure the UE with acceptable gap pattern using dedicated signalling. 
5. Conclusion 
In this paper, the necessity of additional gaps for discovery monitoring is discussed. The alternatives for the gap assignment mechanism are introduced and the signalling details are considered. Additional controls for overhead reduction are provided. RAN2 is kindly asked to take into account the observation and proposals below. 

Observation 1:
If only existing DRX occasions are used, discovery opportunities may be severely limited.
Proposal 1:
Gaps for discovery monitoring should be introduced in addition to the existing DRX occasion.
Confirmation 1:
As a working assumption, tight coordination among PLMNs should not be assumed, while it may be assumed for intra-PLMN case.
Proposal 2:
There should be a means for the serving cell to obtain detailed ProSe discovery information from the UE.
Proposal 3:
The serving cell should have a means to indicate in SIB or dedicated signalling (possibly for each frequency carrier listed in SIB19) whether the serving cell has already acquired all the inter-frequency neighbour cell information needed for assigning discovery gaps to the UE.
Proposal 4:
The serving cell should configure the UE with gaps for inter-frequency and/or inter-PLMN discovery monitoring, which may be based on a gap pattern requested by the UE.
Proposal 5:
The gap pattern requested by the UE should be based on the subset of the RRC parameters defined by RAN1.
Proposal 6:
discoveryOffsetIndicator for the gap pattern in the request sent from the UE should be provided with respect to SFN=0 of the serving cell as one value.
Proposal 7:
A single pattern which integrates all resource pool patterns of interest should be informed in the request from the UE.
Proposal 8:
The ProSe Indication may include the request of gap assignment with required gap pattern.
Proposal 9:
Upon reception of the ProSe Indication which includes the request for gap assignment, the serving cell may configure the UE with acceptable gap pattern using dedicated signalling.
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