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1. Introduction

In this contribution, we provide our proposal for RRM requirements for OOC discovery.
2. Background
In Rel-12, out-of-coverage D2D operation was supported only for D2D communications. In Rel-13, OOC operation has been extended for D2D discovery as well. Note that OOC Discovery /Communication is for public safety use only. 

RAN1 agreements related to OOC discovery are provided in Appendix A. In particular, we highlight two agreements:

· For PS OOC discovery, the UE receiver chain capabilities are required to be aligned with Rel-12 communication capabilities. In other words, simultaneous reception on UL and DL is required to be supported by UEs that support OOC discovery on a discovery operating band.
· The synchronization operation when UE is OOC remains unchanged from Rel-12 communication. 

In Rel-12, the OOC requirements are specified in Section 11 of TS 36.133 as follows:

Table 1: Summary of OOC requirments and changes expected for D2D Discovery
	Subclause
	Requirement
	Changes expected for OOC Discovery 

	11.2
	Transmission timing requirements
	No change

	11.3
	Initiation/Cease of SLSS Transmissions
	No change 
(based on R1 agreements; assumed to follow SyncRef UE that uses behavior 2)

	11.4
	Cell identification on DL associated with D2D 
	No change 

(further discussion below)

	11.5
	SyncRef UE selection/reselection
	No change 
(based on R1 agreements; assumed to follow SyncRef UE that uses behavior 2)

	11.6
	S-RSRP measurement accuracy
	No change


Based on Table 1, we expect existing requirements for OOC can be reused for D2D Discovery. Some specification rewording maybe required when extending the requirements as discussed in the next section.

3. Discussion of OOC Discovery requirements

Synchronization behavior: In R4-76, one aspect that was discussed for OOC discovery requirements would differ from OOC communication due to support of two different UE behaviors for transmission of SLSS – behavior 1 is Rel-12 Discovery behavior where SLSS is transmitted once every discovery period, and behavior 2 is Rel-12 Communication behavior where SLSS/PSBCH is transmitted every 40ms (and when other requirements are met).
In this regard, we note that R1 has explicitly agreed that UE follows behavior 2 when OOC, and the synchronization operation for OOC UE is intended to be the same as Rel-12. In other words, for OOC discovery, this implies synchronization behavior remains same as Rel-12 communication and the UE is assumed to follow the synchronization transmission from either a Rel-12 communication UE or Rel-13 discovery UE using behavior 2. 

Observation 1: Based on R1 agreements, synchronization behavior of OOC receiving UE remains unchanged for OOC discovery. Hence Rel-12 synchronization requirements should apply to D2D discovery as well.

Cell identification: One aspect that needs additional consideration is the requirement on E-UTRA cell identification when UE is performing D2D out-of-coverage. Currently the UE performing D2D communications OOC is required to constantly look for cells on the DL channel associated with the ProSe frequency. In other words, it is defined for D2D on FDD bands since in Rel-12, there were no TDD bands for D2D communications. The cell identification delay is then specified as 6.4sec (if UE is transmitting for D2D communications), and 32sec (if UE is receiving only for D2D communications). 

When extending the applicability to D2D Discovery, the requirement will also get extended to TDD bands. The nature of the requirement changes for TDD bands since now the UE is required half-duplex between D2D transmissions and reception for cell search. For D2D discovery, this is not a problem as the periodicity of D2D discovery is low. Hence we propose to reuse the existing requirements on cell identification when OOC even for Discovery on TDD bands. 

However, specification wording needs to be clarified as it will not apply if later the requirements also need to be extended for D2D communication on TDD bands. Possible approach can be to separate the section for FDD and TDD, with TDD applicable only for D2D discovery.

Observation 2: The current requirements for cell identification when OOC are applicable for D2D on FDD bands.
RRC state for OOC D2D discovery (and communication) operation: In Rel-12, we defined the OOC requirements for the RRC state of Any cell selection state. This applies for single carrier operation. In Rel-13, we are extending the D2D operation (both discovery and communication) to multicarrier operation. 
One of the agreed R4 scenarios for Rel-13 is when D2D is on non-serving cell. In this case, the UE maybe out of coverage on the non-serving discovery carrier, while it is associated with a serving cell on the WAN carrier(s). The RRC state of the UE is thus RRC_Idle or RRC_Connected (as on WAN), but is out-of-coverage on the D2D carrier.
Proposal 1: No additional core requirement required to support OOC discovery. The applicability of existing OOC requirements on timing and synchronization can be extended for Discovery.

Proposal 2: For OOC Discovery on TDD bands, existing cell identification requirements when OOC can be reused owing to the low periodicity of discovery transmissions. Specification rewording is required to clarify the applicability for Discovery/Communication on FDD bands and Discovery on TDD bands.
Proposal 3: Clarify in specification that the OOC requirements of Section 11 are applicable in general when UE is OOC on D2D carrier (and performing D2D on that carrier). The RRC state of the UE can Idle/Connected if its in-coverage of the WAN carrier(s).

4. Conclusions

In this paper, the following proposals are made for Rel-13 OOC Discovery RRM requirements.

Observation 1: Based on R1 agreements, synchronization behavior of OOC receiving UE remains unchanged for OOC discovery. Hence Rel-12 synchronization requirements should apply to D2D discovery as well.

Observation 2: The current requirements for cell identification when OOC are applicable for D2D on FDD bands.

Proposal 1: No additional core requirement required to support OOC discovery. The applicability of existing OOC requirements on timing and synchronization can be extended for Discovery.

Proposal 2: For OOC Discovery on TDD bands, existing cell identification requirements when OOC can be reused owing to the low periodicity of discovery transmissions. Specification rewording is required to clarify the applicability for Discovery/Communication on FDD bands and Discovery on TDD bands.

Proposal 3: Clarify in specification that the OOC requirements of Section 11 are applicable in general when UE is OOC on D2D carrier (and performing D2D on that carrier). The RRC state of the UE can Idle/Connected if its in-coverage of the WAN carrier(s).
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6. Appendix A: Agreements on OOC Discovery
	OOC Discovery Agreements

Agreement:

· For partial and outside network coverage discovery, PSDCH transmission is supported when PSDCH resources are (pre)configured.

· Relevant discovery pool parameters are preconfigured for out of coverage operation

· Details FFS

· The transport block size on the PSDCH is 232 bits (excluding 24 CRC bits) both for in and out of coverage operation 

· Note: From RAN1 perspective, this doesn’t preclude a discovery payload above L1 > 232 bits

Agreement:

· {40, 80,160}msec for FDD and TDD config 1 to 5, {70,140, 280}msec for TDD config. 0, and {60,120, 240}msec for TDD config. 6 periodicities are additionally supported for PS discovery resource pool period (including supporting relay discovery).
Synchronization Agreements

Working Assumption:

· A Rel-13 UE transmitting Type 1 discovery follows one of the following two SLSS transmission behaviours if it transmits SLSS:

· Behaviour 1 (Rel-12 behaviour): The UE in each discovery period transmits SLSS in subframe n determined by Rel-12 behaviour. 

· Behaviour 2: 

· UE in each discovery period in which UE transmits discovery, transmits SLSS every 40ms.

· FFS whether the UE transmits SLSS if it does not transmit a discovery message in a given discovery period. 

· Actual SLSS transmission is subject to other Rel-12 conditions such as WAN prioritization

· The UE also transmits PSBCH in the same subframe of SLSS transmission.

· Same content as PSBCH for Rel-13 communication UEs is used

· FFS if reserved bits of PSBCH are used in Rel-13

· FFS when the UE follows each behaviour.

· It is not intended that the synchronization operation of an out of coverage receiving UE is changed from Rel-12 procedure for detecting another SyncRef UE.

Agreement:

· For an out-coverage Rel-13 UE transmitting Type 1 PS discovery, when it transmits SLSS: 

· Behaviour 2 is followed. 

· For an in-coverage Rel-13 UE transmitting discovery, when it transmits SLSS: 

· UE transmitting non-PS discovery follows Behaviour 1 

· For UE transmitting PS discovery, eNB configures if Behaviour 1 or Behaviour 2 is followed

· How to differentiate PS and non-PS discovery and details of signaling mechanism are left to RAN2

Agreement:

· A UE participating in PS discovery and using behaviour 2 transmits SLSS every 40ms “as long as the UE has discovery message(s) from higher (i.e. above MAC) layers to transmit on a given carrier” (exact wording up to RAN2)

· Actual SLSS transmission is subject to other Rel-12 conditions

· Working assumption: An independent set of values of the condition parameters is defined and (pre)configured 

Agreement:

· For a UE participating in PS discovery and using behaviour 2, PSBCH for Rel-12 communication is reused, i.e., exactly the same content without using reserved bits.

· A UE using behaviour 1 does not transmit PSBCH
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