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1. Introduction

In this paper, we discuss the remaining RRM requirements for inter-freq / inter-PLMN discovery. This paper builds on the prior discussion presented in R4-157113, and the way forwards agreed in RAN4 #77 in R4-158140 and R4-158139.
The remaining aspects are discussed in the following sections:
· Transmission timing accuracy requirements: Agreed in R4-76bis [R4-156633]
· Interruptions when Tx/Rx Gaps are configured: Discussed in Section 2.1

· If we need to specify UE and eNodeB behavior for request/grant of Gaps: Discussed in Section 2.2

· Cell reselection when using non-serving cell for discovery timing/power control: Discussed in Section 2.3
CR for eD2D RRM requirements for inter-frequency discovery (and requirements for multicarrier D2D) is provided in our companion contribution R4-160061.
2. Discussion for inter-freq / inter-PLMN discovery
2.1. Interruptions when Tx/Rx Gaps are configured
As detailed in R4-160054, there are two UE behaviors supported for discovery:

· Behavior 1: Gaps are requested if (for example) a WAN Tx/Rx chain is reused for Discovery

· Behavior 2: Gaps are not requested if (for example) a spare Tx/Rx chain is available, i.e. Rel-12 operation. The turning ON/OFF of the spare chain will cause interruptions to PCell and SCell(s).

For UEs following behavior 2 (i.e. Rel-12 behavior), discussion on the allowed interruptions is presented in our companion paper R4-160054.
For UEs following behavior 1, the question is the impact to the interruptions requirements that are specified using behavior 2. In our initial proposal in R4-157113 that was made pending RAN2 finalization, the idea was that UE will include all the subframes required for retune and/or turning ON/OFF a transmitter/receiver chain in the Gap request, and hence no further interruptions should be needed beyond the configured gaps. However, as captured in the WF R4-158139, this is now not possible due to the following RAN2 agreements related to transmission Gaps [R2-157115]:
	During transmission gap the UE prioritizes discovery transmission over any Uu UL transmission only when a conflict with discovery transmission including overhead occurs.


Based on this requirement, the UE is then required to keep the transmitter chain tuned to Uu UL frequency even during the transmission gap, and only retune right before the subframe where the actual D2D transmission occurs, and tune back right after the same (see Figure 1). This aspect was also discussed in RAN4 #77, and captured as one FFS in the WF R4-158139:

Proposal 4: FFS if for inter-frequency discovery transmission on SCell/non-serving carrier, the UE is allowed 2 subframes interruption per discovery announcement/SLSS within a discovery period.

The above FFS in WF R4-158139 is required since the location of the D2D transmission may not be fixed every discovery period and can be on any subframe within the discovery resource pool. There is no other way to be able to transmit as configured if the interruption is not allowed. Note that this interruption is required only when the discovery transmission is on a carrier not configured for uplink (i.e. non-serving carrier, or DL only SCell).
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Figure 1: Illustration of RAN2 agreement and the required UE behaviour, for example, using a shared Tx chain.
One further caveat of the RAN2 agreement is that interruption to uplink when retuning a receiver chain will need to be specified. The subframe needed for retuning a receiver chain is expected to be included in the discovery reception gap (discRxGapConfig) and then the UE is not required to monitor the DL. However, the UL may also be interrupted as a result of retuning a receiver chain. Given the RAN2 agreement, even if the UE requested for UL gap on the subframe needed for retune, it is still required to prioritize Uu UL on that subframe if there is no collision with a D2D transmission (as in this case). Thus UL interruption during the downlink reception gap configured using (discRxGapConfig) needs to be specified for the subframes where the interruption occurs. 
Observation 1: RAN2 agreed on the following behavior for transmission gaps:

During transmission gap the UE prioritizes discovery transmission over any Uu UL transmission only when a conflict with discovery transmission including overhead occurs.

Observation 2: RAN2 agreement thus requires the UE to keep its shared transmitter chain tuned to Uu UL frequency, and retune to/from the discovery Tx frequency right before/after the subframe on which discovery transmission occurs. The location of discovery transmission may not be fixed over different discovery periods.

Observation 3: The RAN2 agreement on UE behavior during transmission gaps requires RAN4 specification for:
· UL interruption on a subframe used for retuning a receiver chain with the subframes configured as reception gap using discRxGapConfig.
· UL/DL interruption on 2 subframes per discovery/SLSS transmission within discTxGapConfig.

Observation 4: The interruptions are under tight control of eNodeB and depend on the configured discovery gaps.

From the above observations, and Observation 3 in particular, we make the following proposal:
Proposal 1: When discovery gaps are configured, then only the following interruptions are allowed:
a. UL interruption allowed on a subframe configured as reception gap by the eNodeB only if the subframe immediately preceding / immediately following is not configured as a reception gap.

b. UL/DL interruption allowed on 2 subframe for each discovery / SLSS transmission configured for the UE, if D2D Tx is on a carrier that is not configured for UL. The subframes interruption must be within the transmission gap configured by the eNodeB.
Further justification for the above proposal is provided using the examples in Table 1. We emphasize that without Proposal 1, inter-frequency discovery operation as specified by R1/R2 is not possible – unless the UE is able to retune/turn ON/OFF its transmitter/receiver chains without affecting the other chains.

Table 1: Examples to further justify Proposal 1.

	Scenario 1:

	D2D on PCell

Shared receiver chain (between WAN Rx and D2D Rx)
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Interruption requirements: covered using item (a) in Proposal 1.

	Scenario 2:
	D2D on PCell

Spare receiver chain for D2D Rx
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Interruption requirements: covered using item (a) in Proposal 1.

	Scenario 3:
	D2D reception only on non-serving frequency (inter-freq)

Shared receiver chain (between WAN Rx and D2D Rx)
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Interruption requirements: covered using item (a) in Proposal 1.

	Scenario 4:
	D2D transmission and reception on non-serving frequency (inter-freq)

Shared transmitter chain + Spare receiver chain
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Interruption requirements: covered using item (a) and (b) in Proposal 1.

	Scenario 5:
	D2D transmission and reception on non-serving frequency (inter-freq)

Shared transmitter chain + Shared receiver chain
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Interruption requirements: covered using item (a) and (b) in Proposal 1.


2.2. Discussion on specifying UE/eNodeB behavior for request/grant of Gaps

In RAN4 #77, it was discussed whether any RAN4 specification work is required on the expected UE and eNodeB behavior for the request and grant of discovery gaps, respectively.

RAN2 signaling defined for gap request and grant is defined in a flexible manner to allow for gap request left to UE implementation, and gap grant left to eNodeB implementation. Such signaling in fact provides most flexibility to both the UE and eNodeB implementation. Furthermore, given the numerous scenarios supported (intra-frequency / inter-frequency + spare/share Tx chain + spare/shared Rx chain), it is difficult to specify a gap pattern that covers all scenarios in the most optimal manner. 
As a reference, the subframes included gap request and grant signaling are specified using the IE SL-GapPattern defined as:
-- ASN1START

SL-GapConfig-r13 ::=



SEQUENCE {


gapPatternList-r13



SL-GapPatternList-r13
}

SL-GapPatternList-r13 ::=
SEQUENCE (SIZE (1..maxSL-GP-r13)) OF SL-GapPattern-r13
SL-GapPattern-r13 ::=



SEQUENCE {

gapPeriod-r13





ENUMERATED {sf40, sf70, sf80, sf140, sf160, sf280, sf320,











 sf640, sf1280, sf2560, sf5120, sf10240, spare},


gapOffset-r12





SL-OffsetIndicator-r12,


gapSubframeBitmap-r13 



BIT STRING (SIZE (1..10240))
}

-- ASN1STOP

	SL-GapConfig field descriptions

	gapOffset

Indicates the offset from SFN 0 to the start of gapPeriod.

	gapPeriod

Indicates the period by which gapSubframeBitmap is repeated.

	gapSubframeBitmap
Indicates the subframes of one or more individual gaps, not only covering the subframes of the associated discovery resources but also including e.g. re-tuning and synchronisation delays. The UE and E-UTRAN signal bit strings of valid sizes only i.e. sizes equal to or less than gapPeriod. Value 1 indicates that the UE is allowed to use the subframe for sidelink discovery.


The subframe pattern gapSubframeBitmap is used to request/grant any pattern that repeats every discovery period (or gapPeriod) and can start with an offset inside the period (gapOffset). Thus the gap pattern closely resembles the signalling for discovery resource pool configuration. Further, this type of signalling provides flexibility to both UE and eNodeB to request/grant based on changing conditions (e.g. mobility changes or measurement gap configuration that will affect synchronization offset needs at the UE).
Proposal 2: UE/eNodeB behavior on request/grant of discovery gaps is left up to UE/eNodeB implementation in R2 specifications, and no specific behavior needs to be specified in RAN4.
We emphasize that if the UE needs Gaps to meet any minimum RAN4 requirements, then the minimum Gap under which that requirement needs to be met will also be specified. For Rel-13, the only additional requirement is cell reselection when discovery is on non-serving carrier (as discussed in Section 2.3). This is because the UE should not be allowed to request any large Gap (e.g. 1sec) in order to meet the requirement. Rather, the UE should be expected to meet the cell reselection requirement based on the minimum allowed Gap (or synchronization overhead in particular).
Observation 5: While explicit UE/eNodeB behavior for Gap request/grant should not be specified, the minimum requirements for cell reselection will be specified assuming a minimum Gap allowance and thus implicitly affects possible UE implementations.
2.3. Cell reselection when using non-serving cell for discovery timing and power control
For discovery transmission on non-serving carrier, the serving eNB also indicates if that non-serving carrier should be used for D2D synchronization. RAN2 has agreed the following w.r.t. cell reselection [R2-1571115]: 

	RAN2 agreements as indicated in LS R2-157115:

RAN2 would also like to inform to RAN4 that, RAN2 discussed that when a UE intends to perform inter-frequency/PLMN discovery then it follows legacy cell selection/reselection mechanism on that frequency (i.e. non-serving frequency). RAN2 also considered measurement requirements can be relaxed for non-serving frequency where discovery transmission is performed. However, RAN2 would like to request RAN4 to take final decision on any relaxation of measurement requirement.



-
else, the UE shall use cell selection/reselection parameters broadcast by the concerned cell (i.e. selected cell for the sidelink operation) for the evaluation.

	


As highlighted in the specification text above and captured in the WF R4-158140, there are two cases:
· [Yellow highlight] Case 1: The cell selection/reselection parameters are included in cellSelectionInfo and provided in the serving cell.
· [Blue highlight] Case 2: The UE is required to go read the MIB and SIBs on the non-serving carrier for the cell selection/reselection parameters.

For Case 2, the UE is not allocated any gaps to read the MIB/SIBs and is left to best effort (e.g. during IDLE/DRX occasions). Hence no minimum requirements can be defined for Case 2. 
For Case 1, this section discusses the minimum requirements as identified in WF R4-158140.
For Case 1 if all parameters are provided, then we propose to reuse the existing cell reselection requirements corresponding to paging cycle of 320ms and specify w.r.t. the number of discovery periods. This is because the synchronization is done only during the subframes requested for synchronization offset prior to the discovery subframes. This is also in line with the RAN2 LS where they indicate that current cell reselection requirements can be relaxed – wherein the relaxation here involves reusing the most relaxed legacy requirements (i.e. for 320ms DRX cycle, but specified w.r.t. number of discovery periods).
Further, as agreed in R4 in the reply LS R4-156631, the gap configuration should be such that at least 20ms of synchronization overhead is included. 
Observation 6: The requirements for cell reselection should be specified such that the identification / measure / evaluate time periods are specified in terms of number of discovery periods.
Proposal 3: If all parameters required for cell selection/reselection are provided by serving cell, reselection requirements are proposed as follows:
Tdetect,EUTRAN_ProSe_Intra, Tmeasure,EUTRAN_ProSe_Intra and Tevaluate, E-UTRAN_ProSe_Intra for cell reselection non-serving carrier used for inter-frequency Discovery synchronization
	Discovery Period [s]
	Tdetect,EUTRAN_ProSe_Intra [s] (number of discovery preiods)
	Tmeasure,EUTRAN_ProSe_Intra [s] (number of discovery preiods)
	Tevaluate,E-UTRAN_ProSe_Intra
[s] (number of discovery preiods)

	0.04≤Discovery Period≤10.28
	Note 1 (36)
	Note 1 (4)
	Note 1 (16)

	NOTE 1:
Time depends upon the configured Discovery period.


Proposal 4: The cell reselection requirements apply if the requested Gaps are granted; and the minimum requirements assume at least 20ms of synchronization overhead is included in the configured gaps.

3. Conclusions

In this paper, we propose the following RRM requirements for inter-frequency / inter-PLMN discovery. 
(Interruptions when Tx/Rx Gaps are configured)

Observation 1: RAN2 agreed on the following behavior for transmission gaps:

During transmission gap the UE prioritizes discovery transmission over any Uu UL transmission only when a conflict with discovery transmission including overhead occurs.

Observation 2: RAN2 agreement thus requires the UE to keep its shared transmitter chain tuned to Uu UL frequency, and retune to/from the discovery Tx frequency right before/after the subframe on which discovery transmission occurs. The location of discovery transmission may not be fixed over different discovery periods.

Observation 3: The RAN2 agreement on UE behavior during transmission gaps requires RAN4 specification for:

· UL interruption on a subframe used for retuning a receiver chain with the subframes configured as reception gap using discRxGapConfig.
· UL/DL interruption on 2 subframes per discovery/SLSS transmission within discTxGapConfig.

Observation 4: The interruptions are under tight control of eNodeB and depend on the configured discovery gaps.

Proposal 1: When discovery gaps are configured, then only the following interruptions are allowed:

c. UL interruption allowed on a subframe configured as reception gap by the eNodeB only if the subframe immediately preceding / immediately following is not configured as a reception gap.

d. UL/DL interruption allowed on 2 subframe for each discovery / SLSS transmission configured for the UE, if D2D Tx is on a carrier that is not configured for UL. The subframes interruption must be within the transmission gap configured by the eNodeB.
(If UE/eNodeB behavior for request/grant of gaps need to be specified in RAN4?)

Proposal 2: UE/eNodeB behavior on request/grant of discovery gaps is left up to UE/eNodeB implementation in R2 specifications, and no specific behavior needs to be specified in RAN4.

Observation 5: While explicit UE/eNodeB behavior for Gap request/grant should not be specified, the minimum requirements for cell reselection will be specified assuming a minimum Gap allowance and thus implicitly affects possible UE implementations.
(Cell reselection for inter-frequency Discovery when using non-serving frequency for Discovery synchronization)

Observation 6: The requirements for cell reselection should be specified such that the identification / measure / evaluate time periods are specified in terms of number of discovery periods.

Proposal 3: If all parameters required for cell selection/reselection are provided by serving cell, reselection requirements are proposed as follows:

Tdetect,EUTRAN_ProSe_Intra, Tmeasure,EUTRAN_ProSe_Intra and Tevaluate, E-UTRAN_ProSe_Intra for cell reselection non-serving carrier used for inter-frequency Discovery synchronization
	Discovery Period [s]
	Tdetect,EUTRAN_ProSe_Intra [s] (number of discovery preiods)
	Tmeasure,EUTRAN_ProSe_Intra [s] (number of discovery preiods)
	Tevaluate,E-UTRAN_ProSe_Intra
[s] (number of discovery preiods)

	0.04≤Discovery Period≤10.28
	Note 1 (36)
	Note 1 (4)
	Note 1 (16)

	NOTE 1:
Time depends upon the configured Discovery period.


Proposal 4: The cell reselection requirements apply if the requested Gaps are granted; and the minimum requirements assume at least 20ms of synchronization overhead is included in the configured gaps.
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