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1 Introduction

In Rel-12 the transmission of sidelink direct discovery announcements is limited to the intra-PLMN case and can be performed only in one of the configured serving cells, i.e. the PCell if the UE is in RRC_CONNECTED mode. Therefore, in case of load balancing issues due to a potential large amount of devices engaged in direct discovery transmissions, the eNB does not have the possibility to move the dir​ect discovery signalling to other cells (other than the PCell) without performing an handover (i.e. changing the PCell).  Additionally, it can be beneficial in some scenarios to configure for direct discovery a dedicated ProSe carrier that can be shared by a large amount of UEs among different operators, i.e. inter-PLMN configuration. 

The above discussion motivated the need for an enhanced direct discovery support RAN WID [1] for ProSe in Rel-13.
In this paper, we further develop direct discovery transmission aspects that we first presented at the last RAN2#89bis meeting [2].
2 Discussion 

During the last RAN2#89-bis meeting it was agreed that:

	Agreements
Intra-PLMN scenario 

·   The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 

Inter-PLMN scenario 

·  SA2 guidance may be required on whether inter-PLMN authorization for discovery transmission can be handled by higher layer

With network infrastructure

· If the network has inter-PLMN information then the network should have the option to configure the UE similar to the intra-PLMN case

· We cannot assume that inter-PLMN coordination is always possible.  The baseline scenario to consider is uncoordinated inter-PLMN.  

· For uncoordinated inter-PLMN scenarios with network infrastructure, the UE reads SIB19 of the concerned carrier frequency to learn the tx/rx resource pool to use.  FFS how the carrier frequency is configured in the UE.  

      Without network infrastructure 

The inter-PLMN scenario without network infrastructure (e.g. no eNB in the ProSe carrier) will be supported, assuming that out-of-coverage discovery is supported.


An important aspect to be clarified is whether there should be any limitation on the number of carriers configured for Direct Discovery transmission (including possibly OoC carriers). While enabling direct discovery to more than one carrier for the same UE might imply some additional complexity in the device, one could envisage scenarios in which having multiple carriers for direct discovery might be beneficial to fully exploit the available spectrum and also to enable efficient discovery for different applications. At the same time, no huge RAN2 specification impact is expected. Accordingly, we propose the following
Proposal 1 A Rel-13 UE either in RRC_CONNECTED or in RRC_IDLE can be configured with more than one carrier (including possibly out-of-coverage carriers) for Direct Discovery transmission both in the intra-PLMN and inter-PLMN scenarios.
How to configure the UE with such multiple carriers can be left as FFS. 

Observation 1 How to configure multiple carriers for a given UE is FFS.
In order to get proper direct discovery configuration and learn whether a certain carrier supports direct discovery or not, the UE has to be able to synchronize with that carrier and read SIB19 that delivers direct discovery related resource configuration information before attempting transmission. This considaration is valid for both UEs in RRC_CONNECTED and RRC_IDLE in inter/intra-PLMN configuration with network infrastructure broadcasting SIB19. 
Proposal 2 In both scenarios with network infrastrucutre (i.e. both inter-PLMN and intra-PLMN), a UE needs to read SIB19 of the carriers in which direct discovery transmission will be initiated.
The content of SIB19 may contain the list of neighbouring frequencies (possibly belonging to different PLMNs) in which sidelink direct discovery announcement is supported. Alternatively, SIB19 does not contain any list of neighbouring frequencies and the UE monitors only preconfigured frequencies. However, we believe that providing the list of available frequencies in the SIB19 may aid the UE in the search of the appropriate carriers and also reduce the battery consumption. Therefore, we propose the following:
Proposal 3 The frequencies included in the list of neighbouring frequencies broadcasted by SIB19 shall be prioritized over preconfigured frequencies when a UE is configured by upper layers to transmit sidelink direct discovery announcements.
Along with the list of neighbouring frequencies, the SIB19 broadcasted from a certain carrier may also contain information about the resource pool for direct discovery transmission to be used in that specific carrier.
2.1 Intra-PLMN scenario
When the UE is in RRC_IDLE, it is expected to use the resource pools indicated in SIB19 for each frequency to be used according to the above proposals. However, the UE shall initiate RRC connection, in case the pool of resources to use is not specified in SIB19 for the frequencies to which the UE would like to perform direct discovery transmission. Therefore we propose the following:
Proposal 4 A UE in RRC_IDLE shall initiate RRC connection if the pool of resources is not specified in SIB19 for the frequencies in which the UE would like to perform direct discovery transmission.
When the UE is in RRC_CONNECTED, upon acquiring SIB19, the UE shall report the sidelink UE information to the eNB to indicate the frequencies in which direct discovery transmission is desired. As a consequence, the eNB may configure dedicated discovery transmission resources for the frequencies requested.  

Proposal 5 Upon acquiring SIB19, a UE in RRC_CONNECTED shall indicate to the eNB the frequencies in which direct discovery transmission is desired.

Proposal 6 The eNB may configure dedicated discovery transmission resources for the frequencies requested.

It is worth noting that the UE may desire to perform direct discovery transmission on component carriers from an eNB different from the primary eNB to which the PCell belongs. Therefore, the primary eNB may not be able to provide dedicated direct discovery transmission resources for all the frequencies signalled by the UE. For this specific case, we propose the following:
Proposal 7 A UE shall use the common resource pools broadcasted in SIB19 for those frequencies in which dedicated resources have not been signalled.

2.2 Inter-PLMN scenario

In this scenario, the UE is configured to perform discovery on a carrier belonging to another PLMN. In order to perform direct discovery transmission on other PLMN frequencies, the UE has to learn such frequencies through the ProSe function or preconfiguration, or SIB19 of an inter-PLMN carrier broadcasting information related to neighbouring inter-PLMN frequencies in which direct discovery transmission might be attempted.    
Proposal 8 For inter-PLMN scenarios with or without network infrastructure the inter-PLMN carrier frequencies are configured for the UE by the ProSe Function, or preconfigured, or acquired from the list of neighbouring frequencies broadcasted by SIB19 of a carrier in coverage. 
The UE may behave differently according to whether the inter-PLMN discovery is assisted by the network infrastructure or not in which case there is no SIB19 carrying resource pool configuration. The case of no network infrastructure can be of interest for public safety applications, e.g. a public safety UE may be connected to a commercial operator for its LTE Uu service, while using a preconfigured carrier for Direct Discovery (and possibly also Direct Communication). While the resource pool configuration can be acquired from SIB19 of the inter-PLMN frequency in presence of network infrastructure, without network infrastructure the resource pool configuration is provided by the ProSe function or preconfigured.
Proposal 9 For inter-PLMN scenarios without network infrastructure, the resource pool configurations of the inter-PLMN carrier frequencies are configured for the UE by the ProSe Function, or preconfigured.

2.3 UE impact
The improvements to direct discovery in Rel-13 target PS-related operations where reliability and latency are more important as compared to commercial discovery in Rel-12. Therefore, the assumption that discovery is a best effort operation during DRX on duration period may need to be revisited.
By enabling discovery transmissions on non-PCell carriers (possibly belonging to another PLMN), it might be not possible for a UE to share the same RF transmission chain for Uu and PC5 transmissions, thereby impacting performances on both Uu and PC5 interface. To deal with this issue, three alternatives can be envisaged:

1.
Increase the minimum band-combination requirements for UEs that are capable of performing multicarrier sidelink operation. 
2.
Perform direct discovery transmission in a best effort fashion during DRX on duration period.

3.
Configure transmission discovery gaps for direct discovery transmission.

Option 1 may affect the implementation complexity and the device cost. Impact on energy consumption may also be significant. Option 2 could not be acceptable for PS-discovery requirements. Option 3 appears a more convenient compromise.
In the following, we describe in more details the transmission discovery gaps.

2.3.1 Transmission Discovery Gaps on Uu
Related to the transmission of discovery announcements, it is worth pointing out that UEs typically transmit discovery signals on a small fraction of the subframes belonging to a discovery pool (typically only 1 subframe). Therefore, the transmitter gap may be very short in time as long as the eNB is aware of the subframes used for discovery transmission within a pool. For Type-2 discovery the eNB is clearly aware of such subframes. For Type-1 and discovery transmission on non-serving carriers (e.g. inter-PLMN discovery, or out-of-coverage carriers) some signalling is required in which the UE that is supposed to be in RRC_CONNECTED informs the eNB about the selected subframes on the sidelink carrier and related synchronization offset. In any case, the eNB must have the possibility to acknowledge the gap, in which case the UE is exempt from transmitting UL on those subframes on a given carrier, or to not acknowledge the gap, in which case the UE must prioritize uplink transmissions over sidelink transmissions as illustrated in Figure 1.


[image: image1]
Figure 1: The relation between signalling and the gaps.
Given the above, we propose the following: 

Proposal 10 Introduce uplink gaps to allow reusing an RF transmitter chain for direct discovery transmissions in non-serving carriers. 
A similar procedure can be envisioned also for allowing reuse of RF receiver chains and the prioritization of direct discovery monitoring over downlink reception, should RAN2 see a need to improve the performance of direct discovery monitoring.
2.3.2 Inter-PLMN Discovery Resources Randomization

Some simple considerations may improve inter-PLMN Direct Discovery performance. For example, it is useful to avoid consistent collisions between resources for Direct Discovery across carriers, which would systematically prevent inter-PLMN discovery for cells with colliding resources. One way to achieve this is to periodically time-shift the resource pools for discovery on different cells of different carriers. The periodic shifts may be a function of the PLMN ID (or, the carrier frequency, e.g. EARFCN) and Cell IDs and do not need to be explicitly signalled. 
Proposal 11 Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers
3 Conclusion
In this contribution, based on the above discussion, we have proposed the following:
Proposal 1
A Rel-13 UE either in RRC_CONNECTED or in RRC_IDLE can be configured with more than one carrier (including possibly out-of-coverage carriers) for Direct Discovery transmission both in the intra-PLMN and inter-PLMN scenarios.
Proposal 2
In both scenarios with network infrastrucutre (i.e. both inter-PLMN and intra-PLMN), a UE needs to read SIB19 of the carriers in which direct discovery transmission will be initiated.
Proposal 3
The frequencies included in the list of neighbouring frequencies broadcasted by SIB19 shall be prioritized over preconfigured frequencies when a UE is configured by upper layers to transmit sidelink direct discovery announcements.
Proposal 4
A UE in RRC_IDLE shall initiate RRC connection if the pool of resources is not specified in SIB19 for the frequencies in which the UE would like to perform direct discovery transmission.
Proposal 5
Upon acquiring SIB19, a UE in RRC_CONNECTED shall indicate to the eNB the frequencies in which direct discovery transmission is desired.
Proposal 6
The eNB may configure dedicated discovery transmission resources for the frequencies requested.
Proposal 7
A UE shall use the common resource pools broadcasted in SIB19 for those frequencies in which dedicated resources have not been signalled.
Proposal 8
For inter-PLMN scenarios with or without network infrastructure the inter-PLMN carrier frequencies are configured for the UE by the ProSe Function, or preconfigured, or acquired from the list of neighbouring frequencies broadcasted by SIB19 of a carrier in coverage.
Proposal 9
For inter-PLMN scenarios without network infrastructure, the resource pool configurations of the inter-PLMN carrier frequencies are configured for the UE by the ProSe Function, or preconfigured.
Proposal 10
Introduce uplink gaps to allow reusing an RF transmitter chain for direct discovery transmissions in non-serving carriers.
Proposal 11
Consider randomization of the time offset for the discovery pools on different carriers to avoid consistent collisions among carriers
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