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1. Introduction 
In RAN#67 meeting, a revised work item on Proximity service (ProSe) enhancements was approved [1]. One of the objectives of the work item is to enable Type 1 (D2D) discovery in partial and outside network coverage scenario.
	· Define enhancements (if needed) to D2D discovery to enable the following features: 

· Type 1 discovery for the partial and outside network coverage scenarios targeting public safety use [RAN1].


On the other hand, two possible transport options for public safety discovery have been discussed in SA2, i.e. using Rel-12 discovery or communication as transport channel [2]. SA2 has requested RAN1 to provide input on the suitability of options [3], and RAN1 has responded with preliminary guidance that discovery may be more appropriate if message size (232 bits), and minimum supported one-way latency (320ms) are acceptable. However, the above guidance is not applicable for UE-NW relay discovery, and further discussion in RAN1 on UE-NW relay discovery is still needed [4]. 
In this contribution, we discuss the potential issues and solutions to enhance Rel-12 Type 1 discovery for partial and outside network coverage scenarios. The suitability of enhanced Rel-12 discovery and discovery over communication for public safety UE-NW relay use case is also discussed.
2. D2D discovery targeting public safety use
For public safety discovery, the following use cases are supported [2]
· UE-to-Network Relay Discovery

· Determination is needed regarding within the ProSe Communication which user(s) are in ProSe Communication range at any given time (shortly referred to as “Group Member Discovery”)

· UE-to-UE Relay Discovery

It can be observed that the typical scenario for public safety discovery is that a UE operating PS discovery also operates PS communications. However, the scenario that a UE operate PS discovery only should not be ignored, e.g. when a UE-to-Network relay UE performs Mode-A relay discovery, and there is no remote UE accessing NW with it.
Observation 1: The typical scenario of D2D discovery for public safety use is when both D2D communication and D2D discovery are performed; while the scenario of PS discovery only operation cannot be ignored.

3. Enhancement of Type 1 discovery

To minimize the specification impact, Rel-12 Type 1 discovery mechanism should be reused as much as possible for partial and outside NW coverage scenarios. Most of the Rel-12 discovery design such as discovery signal design, discovery resource pool design, periodical discovery signal transmission, discovery resource selection, and discovery signal transmission timing, etc. could be reused. However, some of the aspects may need to be revisited, especially on UE synchronization in partial and outside NW coverage scenarios. In the discussion of Rel-12 D2D discovery, only in-coverage scenario is considered. Discovery UEs synchronize to the NW timing by DL reference signal from the eNB.
Observation 2: Type 1 discovery for PS use in partial and outside NW coverage scenario should reuse most of the mechanism of Rel-12 type 1 discovery, except for D2D synchronization.

2.1 Synchronization signal transmission

For partial and out of coverage scenario, UEs needs to transmit Sidelink Synchronization Signals (SLSS) for synchronization. Rel-12 UEs performing D2D discovery may transmit SLSS. However, the purpose for SLSS transmission of discovery UEs in Rel-12 is to enable inter-cell discovery in asynchronous NW. UEs only need to estimate the timing offset of neighboring cells to correctly receive the discovery signal from UEs in the neighbor cells. Therefore, in Rel-12, if the SLSS transmission is trigged by discovery, a UE does not transmit PSBCH; in addition, given a Tx discovery resource pool where discovery signal is transmitted, the UE only transmits SLSS in one subframe every discovery period.

As SLSS transmission of Rel-12 discovery UE is for different purpose, it should not be directly reused in partial and outside NW coverage scenarios. SLSS transmission of Rel-12 communication UEs may be considered as the reference, as it serves the same purpose for synchronization in partial and outside NW coverage scenario.
Criteria to transmit SLSS

The same criteria for SLSS transmission of D2D communication UE can be extended for D2D discovery UE in partial and outside NW coverage scenario. PS discovery UEs can share the same syncTxThreshIC threshold as PS data communication UEs, otherwise different thresholds can be set for discovery and communication, respectively. 
PSBCH transmission

A PS discovery UE should transmit PSBCH together with SLSS in partial and outside coverage scenario as the same as a D2D communication UE. The information in PSBCH such as DFN and in-coverage indicator would be critical for D2D operation of UEs out of NW coverage.
SLSS ID selection

The same rules for SLSS ID selection of D2D communication UE can be extended for D2D discovery UE in partial and outside NW coverage scenario. The same SLSS ID may need to be configured for both D2D communications and PS D2D discovery.
Synchronization source selection

The same rules for communication UE to select synchronization source as the reference for D2D transmission can be reused for PS discovery UEs for partial and outside NW coverage scenario.

Resource to transmit SLSS

A PS discovery UE in partial and outside NW coverage scenario may select the synchronization resource to transmit SLSS/PSBCH similar as PS communication UE. However, for D2D communication UEs which is in NW coverage, if SLSS transmission is trigged by the RSRP measurement of the cell, the UE transmit SLSS only in the SC period in which Sidelink Control Information (SCI) and data are transmitted to mitigate the impact on WAN communication and save the energy consumption [5]. The mechanism may not be directly extended to PS discovery as discovery signal is not transmitted based on SC period.
For Rel-12 D2D communication UE which is out of NW coverage, SLSS transmission would be continuous until UE has no SA and data to transmission. However, the periodicity of D2D discovery signal transmission may be large (e.g. at least 320ms), energy consumption may be wasted during the interval between discovery signal transmissions, if UEs operates only D2D discovery. 
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Figure 1: Options of SLSS transmission by PS discovery UEs
Therefore, multiple options exist on how a PS discovery UE selects subframes to send SLSS:
1) Option 1: extension of Rel-12 D2D discovery, i.e. a UE transmits one or more SLSS no later than the first subframe of the discovery resource pool in each discovery period;
2) Option 2: intermittent transmission of SLSS
a) Option 2-1: a UE transmits SLSS in the SC period in which the discovery signal is transmitted, or;

b) Option 2-2: a UE transmits SLSS in a duration from the latest subframe of the synchronization resource no later than the first subframe of the discovery resource pool to the last subframe of the discovery resource pool; 
3) Option 3: continuous transmission of SLSS, i.e. a UE transmits SLSS in every subframe of a synchronization resource until UE stops the discovery operation;
The illustration of the different options is shown as in Fig. 1. From option 1, option 2-1, option 2-2 to option 3, synchronization stability is improved while the energy consumption/WAN impact due to SLSS transmission also increases. Considering the importance of synchronization stability in outside NW coverage scenario, e.g. for UE selecting suitable synchronization source, solution of option 3 may be preferred. While for partial coverage scenario, the impact of synchronization stability may be less as in-NW coverage UE will be anyway selected with higher priority. Therefore, tradeoff between synchronization stability and energy consumption/WAN impact may be considered. If such tradeoff can be accepted, solution of option 2 or option 1 may be preferred.
Based on the above discussion we can make the following observations and proposal:

Observation 3: Type 1 discovery for PS use in partial and outside NW coverage scenario should reuse most of the synchronization mechanism of rel-12 D2D communication.

Proposal 1: Continuous transmission of SLSS by UE performing PS discovery announcement is preferred for outside NW coverage scenario; while tradeoff between synchronization stability and energy consumption can be considered for partial NW coverage scenario.
2.2 D2D discovery for PS and non-PS

The same frequency band may be used by D2D discovery for both PS and non-PS, e.g. when PS UEs operating on commercial frequency band. Although most of UE behaviors for PS and non-PS use would be the same, some UE behaviors e.g. SLSS transmission of in-NW coverage UEs will be different. Furthermore, there would be different service requirement for D2D discovery for PS use and for non-PS use. Therefore, different priority classes could be defined to differentiate D2D discovery for PS use and for non-PS use. It could be further discussed whether the priority class should be defined on discovery message specific or UE specific. Different Tx configurations may be set to different priority class through SIB or dedicated RRC signaling. The configuration with higher priority class should be used if collision happens.
3. Using Type 1 discovery extension for Public Safety 
From the discussion in section 2, it can be concluded that type 1 discovery for partial and outside coverage scenario can reuse most of Rel-12 ProSe mechanism and thus the specification impact would be small. Although the detailed payload size and latency requirement for NW-to-UE relay discovery may still needs SA input, the expected payload size seems to be comparable to the available Rel-12 discovery payload size, and discovery period of 320ms may be acceptable delay for relay discovery (detailed analysis can be seen in our companion proposal [6]). Following the preliminary technical comparison made by RAN1 [4], type 1 discovery may be more appropriate for PS use in partial and outside coverage scenario due to its lower overhead and energy consumption.  Therefore, we propose:
Proposal 2: If payload size and discovery delay is acceptable, Type 1 discovery in partial and outside NW coverage scenario is preferred for relay discovery usage considering less overhead.

4. Conclusions
In this contribution, we discussed the potential enhancement and suitability of type 1 discovery for PS use in partial and out of coverage scenario. Based on the discussion, we made the following observations and proposals:
Observation 1: The typical scenario of D2D discovery for public safety use is when both D2D communication and D2D discovery are performed; while the scenario of PS discovery only operation cannot be ignored.

Observation 2: Type 1 discovery for PS use in partial and outside NW coverage scenario should reuse most of the mechanism of Rel-12 type 1 discovery, except for D2D synchronization.

Observation 3: Type 1 discovery for PS use in partial and outside NW coverage scenario should reuse most of the synchronization mechanism of rel-12 D2D communication.

Proposal 1: Continuous transmission of SLSS by UE performing PS discovery announcement is preferred for outside NW coverage scenario; while tradeoff between synchronization stability and energy consumption can be considered for partial NW coverage scenario.

Proposal 2: If payload size and discovery delay is acceptable, Type 1 discovery in partial and outside NW coverage scenario is preferred for relay discovery usage considering less overhead.

References 
[1] 3GPP, RP-150441, “Revised WI: Enhanced LTE Device to Device Proximity Services”, Mar, 2015.
[2] 3GPP TR 23.713 v1.0.0, “Study on extended architecture support for proximity-based services (Release 13)”, Feb., 2015.

[3] 3GPP, R1-150695, “LS on public safety discovery”, RAN1#80, Feb. 2015.
[4] 3GPP, R1-150948, “Response LS on public safety discovery”, RAN1#80, Feb. 2015.
[5] 3GPP TS 36.331 v12.5.0, “Radio Resource Control (RRC) (Release 12)”, Mar, 2015.
[6] NTT DOCOMO, R1-151965, “Views on UE-to-network relay discovery”, RAN1#80bis, Apr. 2015.
- 1/5 -

[image: image2.png]Discovery period

Discovery
resource

Sync. signal
transmission

age

Discovery me:

=

¥

Sync. resource period
i T
R S—
" |
w t

< Discovery message

Option 1

o
o .
g
o5
)
e 2x
;3 ®
ege
= o
[Z )
rIroz coroz [ ]
e ) -
coroz coroz [ ]
g —=—fF=n a4 —_——t-a a4
P [ P [ P
; i ; i S
a ] a ] a ]
—--L_ —--L_
o H o e I g ooz g ——
oNg | d | <l v
g | §m | E | E |
el g | g | g |
(o]
F¥al | - K L K L
[a | [a | a N |
i i - i
| |
| _rorzal ok ] ok ———
P P !
e e [ |
9 ] 9 ] 9 "
o 1 o 1 o 1
g 1 g 1 g i
a ——F=a a ——F=a a
o L o P o
e H e H e
5 ! 5 ! 5 !
o o o
I3 ! I3 ! I3 !
o Lo, o Lo, o
= Iinz = Iinz =
e 1 e 1 e 1
> | g, > | g, > | g,
(P S| (P S| ? o §
- Rk it 173 - Rk it 173 - ]
o 1 o o 1 Q o 1 [0}
= 1 £ = 1 £ = 1 £
@ 1 @ 1 @ 1
=~ iz 5] 0% i § = -
> [EE R} > [EE R} > [
o 1 o o 1 o o 1 o
3 1 S 3 1 S 3 1 S
8 8| s 8 8 om O
& & & —
T IE R = [ ] -
2 ] ] ]
aH 1 1] 1 1] ' 1
o 1 1 1

Option 2-1

Option 2-2

Option 3




