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1. Introduction
At RAN4 #72bis meeting RRM requirements for D2D and cellular requirements due to D2D were discussed. These discussions resulted in three way forward documents containing high-level agreements which can be found in [1, 2 and 3]. The way forward document in [3] included high-level D2D UE Tx timing agreements. The objective of this paper is to study the D2D UE transmission timing requirements in more detail and propose concrete requirements for D2D UEs operating D2D Discovery or D2D Communication. 
2. Discussion and analysis

2.1 Background

RAN1 has reached following agreements regarding D2D UE synchronization as shown below:


If a UE transmits a D2D signal, the rules for determining which D2D Synchronization Source the UE uses as the timing reference for its transmissions of D2D signal are

-
D2D Synchronization Sources which are eNodeBs have a higher priority than D2D Synchronization Sources which are UEs;

-
D2D Synchronization Sources which are UEs in-coverage have a higher priority than D2D Synchronization Sources which are UEs out-of-coverage;

-
After giving priority to D2D Synchronization Sources which are eNodeBs, followed by UEs in-coverage, selection of D2D Synchronization Source is based on at least the following metrics:

-
Received D2DSS quality: 

-
For example, a UE selects a D2DSS with a better received signal quality when all the other metrics are the same.

-
FFS whether to define the measurement for received D2DSS quality.

-
FFS Stratum level: A UE selects a D2DSS with a smaller stratum level when all the other metrics are the same.

-
FFS on further detailed D2D Synchronization Source selection criterion.

-
FFS on how D2D Synchronization Source type and stratum level can be carried by D2DSS/PD2DSCH.

2.2 Discussion

The agreements stated in previous section need to be captured in [4]. These RAN1 agreements are still high-level requirements and were already discussed at previous RAN4 meetings [5]. The existing UE timing requirements are defined in section 7 of [4] and these are more concrete requirements in several aspects. For example, the existing UE timing requirements specify how UE timing is derived in downlink and uplink, how timing advance is used, how aggregate adjustments are done and how much the adjustment steps are etc. Likewise, similar detailed requirements need to be defined for D2D UEs. If some of the existing requirements can be reused, then it should be stated and in case new requirements are needed they need to be defined. The D2D UE Tx timing requirements can be defined per RRC state as follows. 

2.2.1
D2D UE Tx timing in RRC_CONNECTED state
Transmit Timing Advance (TA) is a mechanism used in E-UTRA network to ensure that all uplink transmissions within a cell arrive time-aligned at the eNodeB, i.e. any misalignment should remain within a threshold, e.g. the cyclic prefix duration. Since the propagation delay of the various UE may be different depending on their geographical location within the cell, different values of TA offset may be used for compensating for the different propagation delays. 
TA offsets are calculated by the eNodeB based on any uplink signals transmitted by the UE, e.g. SRS. If the calculated TA offset indicates that the UE needs to align or correct its uplink transmission, then the eNodeB sends TA command commanding the UE to advance/retard its uplink transmission with respect to current uplink transmission. 
In existing requirements, the UE transmission timing is based on TA. The use of TA becomes more important when legacy UEs (e.g. non-D2D UEs) and D2D capable UEs transmit towards the same eNodeB as shown in Figure 1. In this figure it is assumed that UE A is a non-D2D capable UE and UE B is a D2D capable UE. The figure shows the consequence if no TA is applied at UE, i.e. the signal from UE B will arrive later than UE A at eNodeB and will cause interference as the received signals are not aligned. This can be mitigated by using TA also on the D2D capable UEs in similar to how it is done today for cellular UEs. In this case, transmission from the D2D UE will start earlier than UE A because of the propagation delay and it will result in that the received signals at the eNodeB are time aligned or that the misaligned fall within the threshold. 
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Figure 1: Illustration of UE transmission between non-D2D and D2D UE with/without use of TA.
The use of TA to adjust transmission timing is fundamental to ensure orthogonally of uplink transmissions between the different UEs in a cell. It is also an important method to counteract inter-user interference. Therefore, it is essential that whenever a valid TA is provided by the eNodeB, the D2D capable UE shall use the TA for UL timing. If no valid TA is available then the D2D UE may use eNodeB downlink timing. 
· Proposal #1: Whenever a valid TA is provided by the eNodeB, the D2D capable UE shall use the TA for uplink timing for D2D transmission.   
· Proposal #2: Whenever no valid TA is provided by the eNodeB, the D2D capable UE shall use eNodeB timing for D2D transmission.   

For uplink and downlink timing it was agreed in [3] to reuse existing requirement, i.e.
· If DL timing is used, requirement as specified for PRACH shall apply

· If UL timing is used, requirement as specified for PUSCH shall apply

This would mean that the existing requirements for UE initial transmit timing, allowed timing error limit Te and autonomous timing adjustments is reused from existing requirements as defined in section 7 of 36.133 when the D2D UEs are in RRC_CONNECTED state.  
2.2.2
D2D UE Tx timing in RRC_IDLE state
Since no uplink synchronization is maintained by the UEs in the RRC_IDLE state, no uplink signals, e.g. SRS, is transmitted by the UE in this state. This means TA cannot be calculated and therefore TA command cannot be transmitted by the eNodeB to UEs in RRC_IDLE state. Therefore the D2D transmissions should be based on eNodeB downlink timing. This was discussed and agreed in the way forward document [3]. 
2.2.3
D2D UE Tx timing in Out-of-Coverage state

In comparison to the D2D UEs in RRC_CONNECTED and RRC_IDLE mode, the synchronization procedure of D2D UEs in Out-of-Coverage is different. One major difference is that in in-coverage scenario the synchronization source (e.g. eNodeB) is generally stationary while the synchronization sources in out-of-coverage scenario might be more mobile. The existing requirements for adjusting the adjustments are defined for in-coverage scenario where the eNodeBs are placed in a fixed position. This means that the radio conditions might not change as quickly as in out-of-coverage scenario where any D2D capable UE could become a synchronizations source. Therefore the timing adjustments steps could be made in smaller steps and more frequently for D2D capable UEs than for cellular UEs in in-coverage scenario. These requirements need to be defined for D2D capable UEs in out-of-coverage state, but as for now, they are FFS until RAN1 reaches agreements.
· Proposal #3: Requirements on maximum timing adjustment step, minimum and maximum timing adjustment rates are also specified for D2D UE in out-of-coverage state.
4. Conclusion

In this contribution, we have studied the D2D transmission timing procedure for D2D UEs in RRC_IDLE, RRC_CONNECTED and Out-of-Coverage states. It was concluded that some of the existing requirements could be reused cellular requirements could be reused for D2D capable UEs, and in certain scenarios D2D specific requirements need to be defined. 
· Proposal #1: Whenever a valid TA is provided by the eNodeB, the D2D capable UE shall use the TA for uplink timing for D2D transmission.   

· Proposal #2: Whenever no valid TA is provided by the eNodeB, the D2D capable UE shall use eNodeB timing for D2D transmission.   

· Proposal #3: Requirements on maximum timing adjustment step, minimum and maximum timing adjustment rates are also specified for D2D UE in out-of-coverage state.
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