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1. Introduction

At the previous RAN2 meeting [1], inter-cell coordination on the resource pool configuration was discussed and agreed as shown in the following. As assumed in RAN plenary [2], the coordination will be achieved through means of OAM. 
	For D2D Communication,

Observation:
All UEs (i.e. both in and out of coverage) should monitor an SA resource pool which is the union of the SA resource pools used for SA transmission in all cells and SA transmission out of coverage.
Agreement:
SA resource pool used for monitoring when the UE is in coverage is configured by the eNB via RRC, dedicated or broadcasted
For D2D discovery,

Agreement:
The eNB may provide D2D reception discovery resources in SIB. These may cover resources used for D2D transmission in this cell as well as resources used in neighbour cells. (Details FFS)


At the previous RAN1 meeting, it was agreed that the “UE is not required to decode neighboring cell SIB” considering the UE complexity [3]. Therefore, D2D UEs may have no information on the D2D configuration of the neighboring cells without any assistance information.
In this contribution, we discuss further details regarding inter-cell D2D. Inter-carrier D2D is also discussed considering the commonality between them.

2. Inter-cell D2D 
As described in the WID [4], inter-cell D2D is essential functionality for both communication and discovery. It is considered that inter-cell D2D is achieved by monitoring the D2D signal which may not follow the D2D configuration of serving /camping cell. 

Resource pool coordination

In the synchronous network, it is straightforward assumption to configure common Tx resource pool and Rx resource pool among neighboring cells as shown in Fig (a). In this case, UE does not need to switch the synchronization reference, i.e., FFT timing to receive the inter-cell D2D signal. To support inter-cell D2D reception on asynchronous FDD network, synchronization reference switching is necessary for D2D UEs since on receiving inter-cell D2D signal, UEs may not be able to simultaneously receive D2D with different synchronization references. Considering this limitation on the asynchronous FDD network, eNB may configure larger Rx resource pool than its Tx resource pool to allow UE to switch the synchronization reference within the Rx resource pool as agreed in RAN2. Furthermore, Tx resource pool can be coordinated among neighboring cells and Rx resource pool can be a union of the Tx resources within neighboring cells as shown in Fig. 1 (b).

Without any coordination, eNB may signal all the uplink resources as Rx resource pool to ensure the inter-cell D2D reception. A larger Rx resource pool may result in inefficiency, e.g., consuming longer time to monitor possible D2D signal, higher UE power consumption and miss-tuned reception for D2D from neighboring cells. Although resource partitioning between neighboring cells requires rough time synchronization between the cells, it is assumed as OAM issue in Rel-12.

Observation 1: Rx resource pool contains multiple Tx resource pools of neighboring cells in an OAM manner.
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Figure 1. Resource pool coordination between neighboring cells

Synchronization Procedure for Receving SA and Discovery Signal 
In the previous meeting, it is discussed that D2DSS may be transmitted periodically. Considering the asynchronous NW and out of coverage D2D UEs, the D2DSS may also be transmitted asynchronously. If a UE detects multiple D2DSSs, UE monitoring SA and discovery has to decide which D2DSS to follow by every subframes. Therefore, association between D2DSS and Tx resource pool of SA/discovery should be specified. Possible alternatives are listed below. 
· Alt. 1 Resource pool forwarding by SIB of serving/camping cell 

· Tx resource pool for each neighboring cell is separately indicated via SIB of the serving/camping cell instead of a single combined Rx resource pool

· Each resource pool is associated with D2DSS or PSS/SSS explicitly
· Alt. 2 Resource pool forwarding by PD2DSCH

· Introduce PD2DSCH which forwards the resource pool and some D2D configurations
· Transmit D2DSS with PD2DSCH

· Alt. 3 Autonomous resource pool detection based on D2DSS
· The D2DSS is transmitted at the beginning of each D2D Tx resource pool of the transmitting UE.

· Receiving UE may synchronize using the strongest D2DSS and monitor the D2D discovery/SA within a certain time window
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Figure 2. Association of D2DSS and other D2D signals for inter-cell D2D synchronization and reception
Proposal 1: D2D UE should be able to know corresponding D2DSS for SA/discovery resources to switch synchronization references for inter-cell D2D reception.
Since Alt. 1 and Alt. 2 are based on the explicit signaling of the Tx resource pool, receiving UE is able to monitor D2D Tx resource pools of each cells. However, Alt. 1 is only effective to in-coverage and partial coverage UEs, i.e., Alt. 1 is not applicable for out of coverage UEs. Without the knowledge of in-coverage resource pools, out of coverage UE may interfere with the WAN resources of neighbor cells. Therefore, Alt. 2 is widely applicable than Alt. 1.
Observation 2: Tx resource pool forwarding by eNB cannot be utilized by out of coverage UEs.
Alt. 3 is considered as an implicit signaling of Tx resource pool instead of explicit signaling through PD2DSCH. Alt. 3 does not indicate an exact resource pool of a neighbor cell. Instead, possible Tx resource pool, which is a subset of Rx resource pool in the serving/camping cell, can be implied by detected D2DSS. A time window could be considered to define candidate Tx resource pool of SA/discovery which will be a subset of Rx resource pool. UE will monitor SA/discovery on the candidate Tx resource pool using same synchronization reference of the detected D2DSS. The time window could be indicated by SIB and predefined for the out of coverage case. Alternatively, UE may autonomously define the time window based on the detection of other D2DSSs.
Therefore, Alt. 2 and Alt. 3 should be considered as possible solutions for inter-cell D2D reception. If the resource pool is not carried by the PD2DSCH, Alt. 3 should be considered.

Proposal 2: Detection of Tx resource pool of neighboring cell is indicated by D2D UEs which are synchronization source, i.e., transmitting D2DSS. Detailed solution should be selected from the following alternatives.
· Resource pool forwarding by PD2DSCH
· Autonomous resource pool detection based on D2DSS
CP length of D2D signals
Similar to the implicit signaling of resource pools, the CP length configuration could also be implicitly indicated by D2DSS. At the RAN1#76bis meeting, agreement was reached on the CP length configuration that the CP length can be configurable. Hence there is a possibility that the configured CP length used in adjacent areas may be different. In order to decode correctly the D2D signals such as discovery signals and SA at the receiving UE, CP length should be indicated.
We propose to use the D2DSS to indicate the CP length configuration. If similar D2DSS structure such as PSS/SSS in Rel. 8 is used, the relative symbol positions of the PD2DSS and SD2DSS can be used to indicate the CP length of the D2D signals. If the D2DSS consists of only the PD2DSS with more than one symbol, then the relative symbol positions of the PD2DSS or the PD2DSS sequence can be used to indicate the CP length configuration of the D2D signals. In the latter, different sequence root index, cyclic shift or OCC may be applied to the sequence to differentiate the CP length configuration. The implicit CP length indication is applicable for both (1) the common CP length among the D2D signals, e.g., D2DSS, SA, data and discovery transmissions and (2) separate CP length configuration between the D2DSS and other D2D signals.
The aforementioned resource pool and CP length indication is also beneficial in reducing the impact on the WAN from out of coverage D2D UEs or neighboring cell D2D UEs. If out of coverage UE is able to know the Tx or Rx resource pool of the neighboring eNBs by means of resource pool forwarding, the out of coverage UE is able to avoid D2D transmission other than the resource pool of the neighboring cells, and the out of coverage UE can align its CP length to the neighboring cells autonomously. Similar can be considered to the D2D UE of neighboring cell at least for the Tx resource selection of Type 1 discovery and Mode 2 communication.
Observation 3: Resource pool and CP length indication are beneficial for both inter-cell D2D reception and reducing the impact on the WAN.
Proposal 3: CP length for D2D is implicitly indicated by the D2DSS.
3. Inter-carrier D2D 
Regarding the inter-carrier D2D, inter-PLMN D2D is rather demanded than intra-PLMN to avoid limiting D2D within a single PLMN. Therefore, we focus on the inter-PLMN D2D in the following. Since it is not realistic assumption to allow D2D UE to transmit on the carrier of other PLMNs, it is assumed that the inter-PLMN D2D is realized by inter-PLMN D2D reception, i.e., monitoring multiple D2D carriers.

In the inter-PLMN D2D, D2D UE may be required to switch the D2D reception carrier outside of D2D Rx resource pool of the carrier of its PLMN. In other words, possible D2D reception subframes of each PLMNs could be TDMed from the D2D reception UE’s perspective. It is similar to the inter-cell D2D reception which assumes synchronization switching to receive inter-cell D2D using larger Rx resource pool than its Tx resource pool in an asynchronous FDD network.

Since the Rel-12 SA2 specification of ProSe [5] shown in the following states that inter-PLMN discovery is supported by monitoring the carrier of other PLMNs, RAN1 should also support the reception of inter-PLMN discovery at least.
	The UE can act as "announcing UE" only in the band designated by the serving PLMN but may act as a "monitoring" UE also in the resources of other PLMN(s) in the same area if authorised. These PLMNs are called Local PLMNs.

ProSe-enabled non-Public Safety UEs which have obtained authorization to participate in ProSe Direct Discovery procedures shall not continue in participating in ProSe Direct Discovery procedures as soon as they detect loss of E-UTRA coverage in the serving PLMN.


This is well aligned with the service demand for D2D discovery. UEs should be able to detect as many ProSe UEs as possible irrespective of their own PLMN.
Once UE set a certain carrier for D2D reception, D2D reception procedure would be almost same as the inter-cell D2D reception procedure. If the D2D UE has to switch the receiver RF to the monitoring carriers, D2D reception subframes are divided into several parts to monitor carriers of each PLMN. Thus limited number of subframes is utilized to monitor each carrier. Consequently, D2D reception per PLMN would not be possible in all the D2D subframes. Considering that discovery is not delay-sensitive, it is feasible to assume carrier switching for reception of D2D discovery.

Observation 4: Same mechanism as inter-cell reception would be re-used for reception of inter-PLMN discovery.
On the other hand, D2D communication is targeted to achieve voice communication which requires stable D2D link. Therefore, it is difficult to realize inter-PLMN D2D reception for communication. Inter-PLMN communication could be de-prioritized in Rel. 12 or realized by different way other than monitoring other carriers. The easiest way is to switch the D2D transceiver to a carrier which is communicating group common although it is no more inter-carrier D2D. If UE may not join to multiple communicating groups, such assumption will be feasible.
Proposal 4: Inter-PLMN discovery should be supported in Rel-12 D2D considering service demand and feasibility.
Furthermore, it should be considered how D2D UEs obtain D2D configurations of different PLMNs. Even if UE is able to read the SIBs of different carriers, the UE may have to perform an exhaustive search for all possible carriers without any knowledge of the D2D carriers. Performance of D2D reception will be highly degraded due to limited available subframes for reception on each carrier. This inefficiency can be addressed by having serving cells provide the D2D configurations of other PLMNs. This is compatible with the SA specifications which assume that UE may start monitoring in the radio resources that are authorized and configured by the PLMN(s) [5]. At least, D2D carrier list would be provided. Even with the possible D2D carrier list of PLMNs, inter-carrier D2D will also decrease the number of available monitoring subframes per carriers and cells without knowledge of resource pools. Therefore, UE may monitor other PLMNs with longer periodicity compared to its own PLMN. If UE can monitor SIBs of other PLMNs, such ill situation can be avoided. Furthermore, D2D UEs may not be required to decode SIBs of other PLMNs depending on the assumption for inter-cell D2D reception and higher layer operation for inter-PLMN D2D reception. 

Proposal 5: For the reception of inter-PLMN discovery, at least D2D carrier list is provided from serving cell. 

Observation 5: Indication of inter-PLMN Rx resource pool may further enhance the performance of inter-PLMN discovery.
4. Possible UE Assumption for D2D

In this section, the feasibility of a single shared receiver chain for D2D and WAN is discussed as a possible type of D2D UEs.

As discussed in Section 3 and Section 4, available subframes for D2D reception will be limited per cells and per carriers. With a single receiver chain, UE cost increase to support D2D would be abated compared to a UE with separate receiver chains for D2D and WAN. However, with a single receiver chain, UE cannot simultaneously receive D2D and WAN downlinks in FDD. In TDD, simultaneous reception of D2D and WAN does not happen. If a UE with a shared receiver chain is CA capable, simultaneous reception is possible by reducing the available number of downlink CCs. Therefore, non-CA UEs with a single receiver chain incur the strongest restrictions. 

If WAN reception is prioritized to the D2D reception, D2D UEs with a single receiver chain may not be able to receive D2D signals on a WAN DL subframe, e.g., non-DRX subframes. Similar to the discussion in Section 3, performance of communication would be poorly degraded when using a single receiver chain. Therefore, a single receiver chain would not be feasible assumption for D2D communication. 

Compared to D2D communication, D2D discovery is not delay-sensitive. Furthermore, Tx resource pool for D2D discovery may occupy small portions of subframes such as 0.64% as assumed in [6]. From the receiver perspective, the required subframes for reception will increase as assumed number of asynchronous neighboring cells and carriers. Assuming assignment of shorter subframes for inter-cell and inter-carrier D2D reception compared to intra-cell D2D reception by UE implementation, required subframes for D2D reception could represent a low percentage of all subframes. If UE monitors D2D discovery in DRX subframe other than on-duration, such assumption would be feasible. If cost reduction gain of single receiver chain is significantly large, optimization of a D2D/WAN reception subframe could be considered, e.g., periodic subframes that are dedicated to D2D transmission/reception.

Observation 6: Single receiver chain UE can support inter-cell and inter-carrier D2D discovery.
5. Conclusion

In this contribution, inter-cell D2D and inter-carrier D2D is discussed. Implicit indication of D2D resource pool and CP length using D2DSS is proposed. The observations and proposals are summarized as below.
Observation 1: Rx resource pool contains multiple Tx resource pools of neighboring cells in an OAM manner
Observation 2: Tx resource pool forwarding by eNB cannot be utilized by out of coverage UE
Observation 3: Resource pool and CP length indication are beneficial for both inter-cell D2D reception and reducing the impact on the WAN
Observation 4: Same mechanism as inter-cell reception would be re-used for reception of inter-PLMN discovery
Observation 5: Indication of inter-PLMN Rx resource pool may further enhance the performance of inter-PLMN discovery.
Observation 6: Single receiver chain UE can support inter-cell and inter-carrier D2D discovery
Proposal 1: D2D UE should be able to know corresponding D2DSS for SA/discovery resources to switch synchronization references for inter-cell D2D reception
Proposal 2: Detection of Tx resource pool of neighboring cell is indicated by D2D UEs which are synchronization source, i.e., transmitting D2DSS. Detailed solution should be selected from the following alternatives.
· Resource pool forwarding by PD2DSCH
· Autonomous resource pool detection based on D2DSS
Proposal 3: CP length for D2D is implicitly indicated by the D2DSS
Proposal 4: Inter-PLMN discovery should be supported in Rel-12 D2D considering service demand and feasibility
Proposal 5: For the reception of inter-PLMN discovery, at least D2D carrier list is provided from serving cell.
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