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1 Introduction

According to the LTE Rel.12 specification, a UE can announce discovery message only on a serving cell/carrier. For monitoring, UE may receive discovery signals in the serving cell frequency as well as other frequencies than the serving cell, in same or different PLMNs. For intra-frequency discovery, serving cell provides full configuration of discovery resource pools used in neighbouring cells. For inter-frequency case, eNB can provide frequency list where D2D is enabled, while the discovery resource pool configuration and thus other transmission parameters are assumed to be acquired by UE through SIB19 reception.
In LTE Rel.13, according to work item description one of the objective is to “enhance D2D discovery support in the presence of multiple carriers and PLMNs”:
· Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].
The LTE Rel.13 D2D discovery may be extended to support discovery announcement (transmission) on multiple carriers. In addition, enhancements to simplify D2D discovery reception over multiple carriers may be considered. There are several aspects that need to be further considered in order to enhance D2D discovery support in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell:
1) Acquisition of D2D discovery configuration parameters;
2) Discovery announcement and monitoring at multiple carriers;

3) Minimization of the impact on Uu interface in terms of Uu transmissions and receptions.

In this contribution, we discuss physical layer aspects of inter-frequency and inter-PLMN D2D discovery in more details.
2 Acquisition of Discovery Configuration
In LTE Rel.12, the D2D discovery transmission is limited to a serving carrier, while D2D discovery reception can be done over multiple carriers. In order to receive discovery signals on non-serving carrier, UE needs to read SIB19 on the non-serving carrier and acquire D2D discovery configuration parameters. In LTE Rel.12, this procedure may take quite a long time since UEs need to synchronize to non-serving carrier, read MIB, SIB1, extract SIB scheduling info and read SIB19. This procedure may take quite long time and require several RX chain switching between serving and non-serving (visiting) carrier.
Intra-PLMN case (different carriers served by single operator)
Acquisition of D2D discovery information on multiple carriers of the same operator can be done easier, since operator fully controls resources. Therefore eNB has full information about discovery resource configuration on multiple carriers. In addition, operator has a freedom to configure resources on multiple carriers in a way to optimize certain D2D discovery metric. In order to simplify acquisition of discovery information across multiple carriers of the same operator, eNB may directly inform UEs about inter-frequency discovery configuration parameters by signalling those on serving carrier.
Observation 1
· Acquisition of inter-frequency discovery configuration parameters can be simplified by sharing this information on serving carrier. This is especially beneficial for UEs with single RX chain.
· Additional assistance information to simplify SIB19 acquisition may be provided (e.g. SIB19 scheduling).

Inter-PLMN case (different carriers served by different operators)
For inter-PLMN discovery, the inter-frequency discovery configuration may not be available by default, since operators may not want to share this information or may want to update configuration from time to time. This information needs to be exchanged between cells, if it is expected to be shared on serving carrier. Alternatively, acquisition of discovery configuration can be done by reading SIB19 on non-serving carrier as in LTE Rel.12. For this purpose, in LTE Rel.12 the discovery configuration includes frequency list, indicating carriers that support D2D discovery. However, there is no information about time window, when SIB19 is transmitted. Therefore, additional assistance information may be provided through serving carrier in order to point directly to the SIB19 time transmission window. The indication of time transmission windows may require synchronization among carriers to prevent clock drift and thus incorrect indication. According to TS36.104, the frequency error of a BS is bounded by a maximum error of +/-0.05ppm. Therefore the relative drift among cells on 1 subframe may happen in ~3 hours, that may require infrequent tracking among inter-PLMN cells and update of time window information.
Observation 2
· Acquisition of inter-PLMN discovery configuration can be simplified, if discovery configuration is exchanged among operators and delivered to UEs through serving carrier.
Inter-frequency discovery information may be also forwarded by UEs that have already acquired it, however it is not a universal solution that requires additional complexity and extra specification work in order to determine who transmits, how frequently, how to handle outdated information, etc.

Although enhancements for acquisition of inter-frequency, inter-PLMN discovery may be considered, the LTE Rel.12 acquisition of discovery configuration work for both intra and inter-PLMN discovery and thus from RAN1 perspective we may keep existing mechanism for acquisition of discovery configuration information over multiple carriers.

Proposal 1
· Acquisition of discovery configuration information follows Rel.12 procedure (i.e. UE reads SIB19 on inter-frequency/inter-PLMN carriers). 
· Consider to add assistance information to indicate SIB19 transmission window.
3 Discovery Announcement and Monitoring

Indication of inter-PLMN pools for discovery announcement

For inter-PLMN discovery, operator may want to control inter-frequency inter-PLMN discovery resources to be used for discovery announcements by terminals served by other operator. In particular, operator may want to share inter-PLMN discovery information for discovery monitoring only (i.e. reception), but not for discovery announcement (i.e. transmission) for terminals served by other operators. Among configured discovery pools, operator may want to indicate which discovery pool can be used for inter-PLMN discovery and which pool can be used only for intra-PLMN discovery (at least from discovery announcement (transmission) perspective). Some of the pools may be restricted for discovery announcement, but open for discovery monitoring. Moreover, the operator may want to control the discovery announcement rate of visiting terminals or PLMN specific time intervals when announcement can be expected. These additional signalling details may be also added to RRC discovery configuration and associated with the particular PLMN identity. For instance, eNB may signal PLMN specific transmission probabilities or information about PLMN specific discovery announcement intervals.
Observation 3
· Separate signalling to indicate which inter-PLMN discovery pools/frequencies can be used for inter-PLMN discovery announcement is needed.
Proposal 2
· Introduce signalling to indicate discovery pools, available for inter-PLMN discovery announcement. Signalling details are in RAN2/RAN3 scope.

4 Amount of TX/RX Chains (Shared/Dedicated Chains)
The inter-frequency discovery performance (both intra and inter-PLMN) depends on the amount of TX and RX chains available at the UE. This aspect needs to be separately discussed from the TX (announcement) and RX (monitoring) perspective.
Discovery Announcement
In our view, support of inter-frequency and inter-PLMN discovery announcement shall not mandate multiple TX chains at the UE side, and can be a UE capability. The availability of multiple TX chains may reduce the latency for UE discovery, since UE may simultaneously transmit on different carriers. However, the system performance will significantly depend on time allocation of discovery resources across multiple carriers.
It should be noted that discovery transmission on non-serving carriers also requires switching of RX chain. In FDD, UE needs to acquire synchronization first and thus may need to switch RX chain to the non-serving DL carrier for subsequent announcement on UL carrier. 
Observation 4
· For UE with limited capabilities (e.g. single RX and TX chain)

· In FDD, the inter-frequency inter-PLMN discovery announcement requires switching of RX and TX chains.

· For inter-frequency inter-PLMN discovery monitoring only RX chain switching is needed.

In case of simultaneous discovery transmission (across multiple carriers), additional power control considerations need to be discussed, e.g. power sharing among carriers. In our view, the priority in terms of power sharing should be given to the serving carrier (serving PLMN carrier). Priority among carriers of other PLMNs may be left up to UE implementation or signalled by eNB.
Proposal 3
· Inter-frequency inter-PLMN discovery is supported by single TX chain UEs, multiple TX chains are subject to UE capability.
· Power sharing priority in case of multiple TX chains for simultaneous transmission on multiple carriers needs to be discussed:
· Keep Rel.12 power sharing priority rules across carriers:
· WAN transmission > D2D communication > D2D discovery;

· For power sharing across multiple D2D discovery carriers:

· Prioritize serving carrier among other discovery carriers or leave this aspect up to UE implementation;
· Power sharing priority across PLMN carriers is left up to UE or associated with the order in discInterFreqList.
Another aspect that RAN1 may need to discuss is the carrier selection priority or transmission periodicity at each carrier. Assuming that UE has limited capabilities (e.g. one TX chain) how frequently UE is expected to transmit on each non-serving carrier. Note that discovery pools on each carrier may have different amount of resources and different congestion situation. The operator may want to control maximum discovery transmission rate for terminals from other PLMNs. It may depend on amount of D2D discovery capable UEs served by each operator and amount of resources operator is willing to allocate for D2D discovery.
Proposal 4
· Discuss the following mechanisms to control discovery announcement rate across inter-PLMN carriers;
· Introduce signalling to control the maximum discovery announcement rate on inter-PLMN carriers;
· Assume equal priority among inter-PLMN carriers, if there is no priority signalling;
· Leave it up to UE implementation (how frequently to transmit on each inter-PLMN carrier).
Discovery Monitoring
For inter-frequency inter-PLMN discovery monitoring, the UE needs to tune RX chain to a non-serving(visiting) carrier. Similar to discovery announcement, the UE may or may not be equipped with multiple RX chains. Support of inter-PLMN discovery monitoring is not coupled with the amount of RX chains at the receiver (as it is currently defined in LTE Rel.12).
In LTE Rel.12, acquisition of sidelink discovery system information and synchronisation information from inter-frequency cells as well as discovery monitoring itself does not affect the UE normal operation. It implies that discovery monitoring is conducted during idle periods or by using a spare receiver (additional RX chain). In our view, the same behaviour can be preserved for the discovery announcement in order to minimize the impact on Uu interface at least in case of UE with limited transmission and reception capabilities.
5 Inter-PLMN Discovery Resource Allocation
The discovery resource allocation shall not put any constraint on operator discovery configuration. However, the inter-PLMN discovery resource configuration may have significant impact on discovery performance itself. In this section, we discuss resource allocation aspects and potential implications.

For simplified analysis, we consider two extreme types of discovery resource allocation scenarios:

· Orthogonal in time resource allocation across different PLMN carriers;

· Overlapped in time resource allocation across different PLMN carriers. 
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Figure 1: Inter PLMN discovery resource configuration.
We look into the following discovery metrics under assumption of MPLMN carriers, equal discovery period and that UE has equal priority to monitor or announce across carriers:

· Power consumption –power consumed over single discovery period - TD (PRX – consumed power per RX chain within discovery period, PTX – consumed energy per TX chain per discovery period);
· Discovery latency – average latency to discover UE on a given carrier;

· Discovery rate – RX: average number of UEs discovered over single discovery period across all carriers; TX: number of discovery announcement per discovery period across all carriers.
Table 1. Simplified analysis of discovery metrics.
	
	Orthogonal in time resource allocation
	Overlapped in time resource allocation

	Discovery monitoring (all UEs announce at the serving carrier only)

	Single RX chain
	Power consumption:   MPLMN PRX
Discovery latency:       TD
Discovery rate:            MPLMN DRX
	Power consumption:      PRX
Discovery latency:         MPLMN TD
Discovery rate:              DRX

	Multiple RX chains (NRX)
	Power consumption:   MPLMN PRX
Discovery latency:       TD
Discovery rate:            MPLMN DRX
	Power consumption:      NRX PRX
Discovery latency:         MPLMN/NRX TD
Discovery rate:               NRX DRX

	Discovery announcement (all UEs monitor serving carrier only)

	Single TX chain
	Power consumption:   MPLMN PTX
Discovery latency:       TD
Discovery rate:             MPLMN DTX
	Power consumption:       PTX
Discovery latency:          MPLMN TD
Discovery rate:                DTX

	Multiple TX chains (NTX)
	Power consumption:    MPLMN PTX
Discovery latency:        TD
Discovery rate:              MPLMN DTX
	Power consumption:       NTX PTX
Discovery latency:           MPLMN/NTX TD
Discovery rate:                 NTX DTX


As it can be seen inter-PLMN discovery resource allocation may significantly affect discovery performance indicators. In order to reduce UE power consumption it is desirable to have overlapped in time resources across multiple carriers. On the other hand, in order to reduce discovery latency, the discovery resources need to be time orthogonal across different inter-PLMN carriers. The discovery rate can be also increased if inter-PLMN discovery resources are orthogonal in time.
The full alignment of discovery resources across different operator networks depends on synchronization aspects. If different operator networks use the same network clock then resources may be aligned and synchronized. In opposite case, because of clock drift the resources cannot be perfectly aligned all the time and thus may require periodical adjustments. The adjustment rate may be in the order of hour as we mentioned above. Therefore instead of relying on full alignment it may be easy to agree on exchange of assistance information to indicate the time-windows for discovery resources.
Another aspect that needs to be discussed is network level scheduling of discovery announcement and monitoring. For instance, it may happen that UEs from given PLMN have discovered them-self on the serving carrier and then coherently switched to another carrier and announced discovery on visiting carrier. If switching among inter-PLMN carriers is synchronized then it may happen that the same set of UEs discover each other on multiple carriers. In order to avoid such situation the pseudo-random schedule for inter-PLMN discovery announcement and monitoring may need to be introduced. This randomization may depends on different type of identities e.g. the PLMN-identity, cell Identity, UE identity.
Proposal 5
· Discuss mechanisms to enable alignment of discovery resources across PLMN carriers and exchange assistance information.

· Further discuss if UE implementation based strategies in terms of inter-PLMN announcement and monitoring are sufficient or pseudo-random rule for UE announcements across multiple carriers needs to be considered, such a rule may be a function of different LTE identifiers (e.g. PLMN, cell or UE identities).
6 Inter-PLMN Discovery and Synchronization
For inter-PLMN discovery, UE needs to synchronize to the non-serving carrier (inter-PLMN carrier) in order to transmit discovery signal. It needs to be discussed, whether UE needs to transmit sidelink synchronization signals, if sync is configured in inter-PLMN discovery system information. In our view, UE may transmit sidelink synchronization signal, if it transmits discovery signal. However, UE is not mandated to transmit sidelink synchronization signal if it only monitors inter-PLMN discovery resources.
7 RRC State Considerations
Similar to LTE Rel.12 design, for inter-PLMN discovery monitoring, UE with limited monitoring capabilities needs to be in RRC_IDLE state or RRC_CONNECTED state during DRX period.
For inter-PLMN discovery announcement, similar behaviour should be preserved, i.e. UE needs to be in RRC_IDLE state or RRC_CONNETCED state during DRX period.
8 Summary

In this contribution, we discussed inter-PLMN support for D2D discovery. Based on presented analysis and discussions we have the following set of proposals:
Proposal 1
· Acquisition of discovery configuration information follows Rel.12 procedure (i.e. UE reads SIB19 on inter-frequency/inter-PLMN carriers). 
· Consider to add assistance information to indicate SIB19 transmission window.
Proposal 2
· Introduce signalling to indicate discovery pools, available for inter-PLMN discovery announcement. Signalling details are in RAN2/RAN3 scope.
Proposal 3
· Inter-frequency inter-PLMN discovery is supported by single TX chain UEs, multiple TX chains are subject to UE capability.
· Power sharing priority in case of multiple TX chains for simultaneous transmission on multiple carriers needs to be discussed:

· Keep Rel.12 power sharing priority rules across carriers:
· WAN transmission > D2D communication > D2D discovery;

· For power sharing across multiple D2D discovery carriers:

· Prioritize serving carrier among other discovery carriers or leave this aspect up to UE implementation;
· Power sharing priority across PLMN carriers is left up to UE or associated with the order in discInterFreqList.
Proposal 4
· Discuss the following mechanisms to control discovery announcement rate across inter-PLMN carriers;
· Introduce signalling to control the maximum discovery announcement rate on inter-PLMN carriers;
· Assume equal priority among inter-PLMN carriers, if there is no priority signalling;
· Leave it up to UE implementation (how frequently to transmit on each inter-PLMN carrier).
Proposal 5
· Discuss mechanisms to enable alignment of discovery resources across PLMN carriers and exchange assistance information.

· Further discuss if UE implementation based strategies in terms of inter-PLMN announcement and monitoring are sufficient or pseudo-random rule for UE announcements across multiple carriers needs to be considered, such a rule may be a function of different LTE identifiers (e.g. PLMN, cell or UE identities).
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