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1 Introduction

The study report on radio aspects for D2D proximity services is provided in [1]. In RAN1 #77, the following agreements were made, regarding D2D resource pool for out of coverage case, and D2D frame number. 
Agreements:
· PD2DSCH is specified at least for indication of out of coverage D2D transmit resource pool or D2D frame number
· D2D frame number is a frame number used for D2D communication

· FFS: Detailed of D2D frame number

· FFS: Whether and how to resolve conflict of D2D UEs with different knowledge of D2D frame number

· SD2DSS is specified

· If D2D transmitter is in-coverage, D2D frame number is derived from SFN
In RAN1 #78bis, the following agreements were made, regarding D2D frame number.
Agreements:
· PD2DSCH at least contains:
· DFN (already agreed for out of coverage)

· When PD2DSCH is transmitted by a UE in coverage, DFN = SFN of the cell of the UE 
· DFN is represented by 14 bits, comprised of SFN + offset indication

It has not been clearly discussed the details for D2D frame number for out of coverage case, and its relation with the preconfigured resources that an out-of-coverage UE would use if the UE does not have TX reference timing from eNB. It is not clear either, for how an in-coverage UE, or an out-of-coverage UE which has TX reference timing from eNB, can communicate with an out-of-coverage UE which does not have TX reference timing from eNB. 
This contribution tries to have a clearer picture and understanding on these issues. 
2 Scenario
A scenario is to support D2D communication among UEs with mixture of being in-coverage, out-of-coverage but with TX reference timing from eNB, out-of-coverage and with TX reference timing not from eNB.

To be brief, we use the following notations. In-coverage UE is referred to as IC UE.  Out-of-coverage UE with TX reference timing from eNB is referred to as OOC category 1 UE (OOC cat. 1 UE). Out-of-coverage UE with TX reference timing not from eNB is referred to as OOC cat. 2 UE. For example, in FIG. 1, we can have the following

· IC UE: UE1, UE11

· OOC cat. 1 UE (TX timing from eNB): UE2, UE3, UE12, UE13

· OOC cat. 2 UE (TX timing not from eNB): UE4, UE6, UE5, UE7, UE8
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FIG. 1.  D2D communication scenario
Resource pool for IC UEs (e.g., UE1, UE11) can be obtained from its serving cell. TX/RX Resource pool can be for the serving cell, and RX resource pool for neighboring (NBR) cells where the NBR cells resource pool timing can be w.r.t. the timing of the serving cell.

Assume max sync hop for eNB sync source is 3. If a node is already transmitting at max sync hop (e.g., UE3, it can transmit D2DSS/PD2DSCH, and indicate its TX timing is derived at the max hop (hop number 3)), other nodes (e.g., UE4) which receives the sync signal transmitted using timing derived at max hop (e.g., from UE3) will not use the timing as its own TX timing, rather UE4 has to use other reference timing for its TX timing, but the RX timing of UE4 may include the one from UE3, so UE4 can receive the signal from UE3.
FIG. 1 provides a snapshot after UEs apply the synchronization procedure. UE1, UE2, UE3 each transmits D2DSS/PD2DSCH, UE1, UE2, UE3 get TX reference timing of eNB1, resource pool timing based on eNB1. UE11, UE12, UE13 transmits D2DSS/PD2DSCH, UE 11, UE12, UE13 get TX reference timing of eNB2, resource pool timing based on eNB2.
UE4 is an independent UE sync source (SS), and UE5 derives TX timing from UE4 (e.g., UE5 can only detect UE4 as the node which can provide TX timing, not other UEs). UE6 is an independent UE SS and UE7 derives timing from UE6. UE4 and UE6 have accurate sync method, such as GPS/UTC. UE8 is an independent SS. UE8 does not have GPS/UTC available.

IC UEs, and OOC cat. 1 UEs can obtain the resource pool related information from eNB directly or relayed by UEs. For OOC cat. 2 UEs, the resource pool should be preconfigured. 
For D2D communications, the following combinations of TX and RX should be considered.

· OOC UE (cat. 2) TX, OOC UE (cat. 2, cat. 1) and IC UE RX.  E.g., UE5 TX, UE6, UE7, UE3, UE13, UE1 RX.

· OOC UE (cat. 1) TX, OOC UE (cat. 2, cat. 1) and IC UE RX. E.g., UE13 TX, UE4, UE5, UE6 RX

· IC UE TX, OOC UE (cat. 1) and IC UE RX. E.g., UE1 TX, UE13 RX, UE 11 RX , 

Then the question is how all these combinations for the D2D communications can be enabled, especially considering the OOC cat. 2 UE, which uses preconfigured resource pool. In addition, both synchronous system and asynchronous system (e.g., eNB1 and eNB2 not synchronized) should be considered. 
3 D2D communication related to OOC cat. 2 UE 
OOC cat. 2 UE TX, and OOC UE (cat. 2, cat. 1) and IC UE RX 

For example, UE5 transmits, and UE3 receives what UE5 transmits.

UE5 has to use preconfigured resource. As OOC cat. 2 UE uses TX timing reference not from eNB, the preconfigured resource has to be defined based on D2D frame number (DFN, or D2D-FN). Especially for asynchronous system, the timing from different eNBs may not be synchronized, which makes it difficult to have DFN derived from SFN from eNB, as different eNBs may not have SFN synchronized.

Hence, it makes it reasonable to define DFN based on external timing reference, considering asynchronous network where SFN from different eNBs may not be synchronized.
For instance, DFN can be defined by a mapping function, which maps GPS/UTC time to a DFN. The DFN may have the same length as SFN, i.e., 10bit. The mapping function may also give a subframe level of the accuracy, so that the starting point of DFN = 0 can be defined. Subframe level accuracy is important for the mapping function, as the preconfigured resource pool should be defined at the subframe level. E.g., the starting point or the first subframe of DFN = 0 can be, the subframe with GPS_time where GPS_time (in the unit of ms) modulo 10240  = 0.
If a UE has GPS/UTC (e.g., UE4), it can use the mapping function to find the starting subframe of frame with DFN = 0.  The UE may include DFN in PD2DSCH, and indicate that the DFN is derived by accurate method, so that the other OOC cat. 2 UE can use the same DFN and use this UE as the node from which it can derive its TX reference timing. If a UE does not have accurate method to derive DFN, it may indicate it in PD2DSCH, so that other nodes may not use the DFN from this node or derive TX timing from this node. 
If an eNB has GPS/UTC, it can also use the mapping function to derive DFN. Then eNB should indicate the DFN to IC UEs, IC UEs can relay the information to OOC cat. 1 UE, and OOC cat. 1 UE can transmit the information to other OOC cat. 1 UE. OOC cat. 1 UE can then have an RX timing to be aligned with DFN, so it can receive the signal from OOC cat. 2 UE. 

If the DFN determined using mapping function by eNB is different from the SFN of the eNB, the eNB may indicate an offset of the DFN w.r.t. the SFN. The offset should be accurate at the subframe level, as the subframe level is needed for determining the resource in resource pool. E.g., the offset can be the offset of the first subframe of frame with DFN = 0 w.r.t. the first subframe of the frame with SFN=0. Or alternatively, DFN itself is provided to the UE. UE can signal DFN, together with SFN, in PD2DSCH. If the DFN can be the same as SFN, DFN may be omitted. SFN signaled in PD2DSCH can be used for other UE to get the resource pool w.r.t. eNB, and DFN in PD2DSCH can be used for other UE to get the preconfigured resource pool.
For example, in FIG. 1, UE4 tells UE5 about DFN. UE5 has its TX timing from UE4, and UE5 uses preconfigured TX pool based on DFN. For UE3, it may have multiple RX timing to monitor transmissions from other UEs. UE3 can have an RX timing which is the same as its TX timing, to monitor transmission from other nodes based on eNB1 timing. To monitor possible transmission based on preconfigured TX pool based on DFN, UE3 can also have an RX timing based on DFN. ENB1 may send DFN to UE1, UE1 relays DFN to UE2, UE2 relays it to UE3. UE3 can then determine subframe level of the resources to monitor for the preconfigured pool based on DFN, and UE3 can finer-tune at the symbol level synchronization if UE3 receives D2DSS/PD2DSCH from UE5. UE3 may similarly monitor the resource in the resource pool of eNB2, if UE3 can get the timing and resource configuration of eNB2, relayed by UE2. Some illustration can be found in FIG. 2.
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FIG. 2.  D2D communication 

OOC cat. 1 UE TX, and OOC cat. 2 UE RX 

For example, UE3 or UE13 transmits, and UE5 receives what UE3 or UE13 transmits. 
UE3 uses TX reference timing from eNB1. UE5 uses TX reference timing from UE4, which uses accurate sync method. For UE5 to receive the signal from UE3, UE3 can indicate in PD2DSCH the TX/RX pool based on eNB1 timing. UE5 receives D2DSS/PD2DSCH from UE3. UE5 may have multiple RX timing. UE5 can have an RX timing can be the same as its TX timing, to monitor signal from other nodes which also use the accurate external timing. UE5 may also have an RX timing aligned with eNB1, where this RX timing can be derived based on the signal from UE3 – resource pool information in PD2DSCH can provide subframe level timing alignment, and D2DSS from UE3 can provide symbol level synchronization for the RX timing.  
Based on the above analysis, following observation and proposals are made.
Observation 1: Considering asynchronous network where SFN of eNBs may be asynchronous, DFN can be derived via a mapping function which maps external accurate synchronization source such as GPS/UTC to the first subframe of frame with DFN = 0. 
Proposal 1: If an out-of-coverage UE has accurate synchronization method such as GPS/UTC, it can derive DFN using the mapping function. The UE can indicate the DFN in PD2DSCH, and an indication of that the DFN is derived using accurate method.

Proposal 2: If OOC cat. 2 UE (not having TX reference timing from eNB) derives DFN not via an accurate synchronization method, the UE can indicate the DFN in PD2DSCH, and an indication of that the DFN is not derived using accurate method.

4 On conflicts of DFN for OOC cat. 2 UE
If UE derives DFN based on its own GPS/UTC, but it also detects DFN from other node where the DFN may be different from its own derived one, the UE may choose to use its own derived one.

If UE does not derive DFN (e.g., UE without GPS/UPC available), if it detects two different DFN from other nodes, it may choose the DFN from the node which has stronger signal, if both DFN obtained are associated with the indication of being accurate. If one DFN is associated with an indication of being accurate, while the other is associated with an indication of not being accurate, the UE should choose the DFN with an indication of being accurate.

Proposal 3: For OOC cat. 2 UE (not having TX reference timing from eNB), if the UE derives DFN based on its own GPS/UTC, but it also detects DFN from other node where the DFN may be different from its own derived one, the UE may choose to use its own derived one.     

Observation 2: For OOC cat. 2 UE (not having TX reference timing from eNB), if the UE does not derive DFN (e.g., UE without GPS/UPC available), if it detects two different DFN from other nodes, it can prefer the DFN with an indication of being accurate. If both DFN obtained are associated with the indication of being accurate, signal strength may be considered for the UE to choose which DFN to use.     

5 Conclusions

This contribution analyzes and discusses resource allocation for synchronization signal to assist D2D discovery/communication in asynchronous network. In particular, the following observation is made.
Observation 1: Considering asynchronous network where SFN of eNBs may be asynchronous, DFN can be derived via a mapping function which maps external accurate synchronization source such as GPS/UTC to the first subframe of frame with DFN = 0. 
Observation 2: For OOC cat. 2 UE (not having TX reference timing from eNB), if the UE derives DFN based on its own GPS/UTC, but it also detects DFN from other node where the DFN may be different from its own derived one, the UE may choose to use its own derived one.     

Observation 3: For OOC cat. 2 UE (not having TX reference timing from eNB), if the UE does not derive DFN (e.g., UE without GPS/UPC available), if it detects two different DFN from other nodes, it can prefer the DFN with an indication of being accurate. If both DFN obtained are associated with the indication of being accurate, signal strength may be considered for the UE to choose which DFN to use.     

In addition, the following proposals are proposed.

Proposal 1: If an out-of-coverage UE has accurate synchronization method such as GPS/UTC, it can derive DFN using the mapping function. The UE can indicate the DFN in PD2DSCH, and an indication of that the DFN is derived using accurate method.

Proposal 2: If OOC cat. 2 UE (not having TX reference timing from eNB) derives DFN not via an accurate synchronization method, the UE can indicate the DFN in PD2DSCH, and an indication of that the DFN is not derived using accurate method.
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