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1
Introduction
During RAN1#74bis the following working assumption was agreed to [1]:
· At least for discovery:

· Any UEs that do not have an active timing advance value (including RRC_Idle UEs in coverage if transmission of discovery signal is supported for such UEs, and out of coverage UEs that do not have an active timing advance value) use T2=0 
· FFS for UEs with an active timing advance value
During RAN1#75 the following agreement was achieved [2] (based on contributions [3][4][5]):

· Impact on cellular system of RRC_Connected D2D UEs transmitting discovery signal based on DL reference timing is to be evaluated
· If the impact on cellular system is found to be insignificant, then the following working assumption will be made:

· For type 1 discovery

· In FDD

· RRC_Connected D2D UEs transmit discovery signal based on DL reference timing (T2 = 0). 

· In TDD 

· RRC_Connected D2D UEs transmit discovery signal based on one fixed value of T2
· If the value is not 0, the working assumption for RRC_idle TDD UEs will be revisited for consistency 

In this contribution we study these issues.
· In Section 2 we analyze the impact of RRC_CONNNECTED UEs using downlink timing
· In Section 3 we discuss the need for different values of T2 for TDD
· Section 4 concludes the contribution
2
Impact on WAN
In general we note that discovery forms a very small percentage (less than 1%) of the overall WAN resources. Therefore the impact of discovery on WAN should be quite small.

Consider a RRC_CONNECTED UE in a FDD deployment. If the UE is participating in Type 1 discovery using downlink timing there are multiple ways it can impact WAN communication.
1) If a discovery sub-frame is preceded by a WAN sub-frame, discovery transmission/reception can impact communication occurring on the WAN sub-frame. This can be due to timing misalignment and the Tx-Rx switching overhead.
Here we note that downlink timing is delayed with respect to uplink timing. So a discovery transmission should not interfere with WAN transmission. This is illustrated in Figure 1 below.
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Figure 1
Furthermore as discussed in [5] a UE that transmits on a WAN sub-frame and then receives on the subsequent discovery sub-frame can absorb the Tx-Rx switching overhead in the reception of the discovery signal. Here again, there should be no impact on WAN.

Observation 1: If a UE that receives a discovery signal in a discovery sub-frame that is preceded by a WAN sub-frame absorbs the Tx-Rx switching overhead in the reception of the discovery signal then there should be no impact on WAN communication occurring in the preceding sub-frame.
2) If a discovery sub-frame is followed by a WAN sub-frame, discovery transmission can interfere with transmissions occurring on the WAN sub-frame. This can be due to timing misalignment and the Rx-Tx switching overhead.
Since downlink timing is delayed compared to uplink timing there can be an overlap between a discovery transmission that is followed by a WAN transmission. However as is illustrated in Figure 1 and is also proposed in [5] this issue can be resolved by using a gap. The gap can also be used for Rx-Tx switching overhead if a UE that is receiving on the discovery sub-frame needs to transmit on the WAN sub-frame.

Observation 2: Using a gap in the last symbol(s) of a discovery transmission ensures that there is no impact on the WAN communication occurring on the following sub-frame.
3) A discovery transmission can interfere with PUCCH transmission occurring on the discovery sub-frame. This can be due to the misalignment in timing between PUCCH and discovery transmission.
Using downlink timing can cause timing misalignment between PUCCH and discovery transmission. (PUCCH is transmitted using uplink timing while discovery is transmitted using downlink timing.) However given that the normal cyclic prefix is 4.7us cell radius has to bigger than 700m for the misalignment to cause leakage due to non-orthogonality. Even if the cell radius is large enough to cause leakage, the UEs that cause leakage would be more than 700m away from eNodeB and thus received at a low power.  Additionally, impact of RRC_CONNECTED UEs on PUCCH should be minimal. This is because the number of RRC_IDLE UEs is much larger than the number of RRC_CONNECTED UEs. Typically at least ten times to hundred times higher. Furthermore as shown in Figure 1 if the last symbol(s) of a discovery sub-frame is used as a gap then there is no interference from discovery signals in a preceding sub-frame to the PUCCH of the current sub-frame.

Observation 3a: PUCCH occurring on discovery sub-frames will be impacted by misalignment in timing between PUCCH and discovery transmission only for large cell sizes.  

Observation 3b: Since the number of RRC_CONNECTED UEs is much smaller than the number of RRC_IDLE UEs, the additional impact of RRC_CONNECTED UEs using downlink timing on PUCCH will be minimal.
4) A discovery transmission can interfere with SRS transmission occurring on the discovery sub-frame. This can be due to overlap between SRS and discovery transmission.
Using downlink timing can cause overlap between discovery and SRS. However, as is illustrated in Figure 1 using a gap can reduce the amount of overlap. Furthermore because the number of RRC_IDLE UEs is much larger than the number of RRC_CONNECTED UEs the additional impact of RRC_CONNECTED UEs using downlink timing should also be minimal.

Observation 4a: Overlap between SRS and discovery transmissions can be reduced by using gap on the last symbol(s) of discovery sub-frames. 

Observation 4b: Since the number of RRC_CONNECTED UEs is much smaller than the number of RRC_IDLE UEs, the additional impact of RRC_CONNECTED UEs using downlink timing on SRS will be minimal.
5) A discovery transmission can interfere with PRACH transmission occurring on the discovery sub-frame. This can be due to misalignment in timing between PRACH and discovery transmission.

PRACH transmissions themselves use downlink timing. Therefore there should be no additional impact of discovery signals using downlink timing.

 Observation 5: Given that the PRACH transmissions use downlink timing there should be no additional impact of RRC_CONNECTED UEs using downlink timing.
Based on these observations we make the following proposal.

Proposal 1: RRC_CONNECTED UEs participating in discovery should use downlink timing.
3
Offset for TDD

During RAN1#75 it was discussed whether for TDD if both RRC_IDLE and RRC_CONNECTED UEs should use T2=0 or T2=624Ts. We agree with proposal in [3] that T2=624Ts is more appropriate. Using T2=624Ts reduces the timing misalignment between uplink signals and discovery signals. This will lead to lower impact on WAN communication (for example lower misalignment with PUCCH) and potentially lower gap size at the end of a discovery sub-frame.
Observation 5: Using T2 = 624Ts for both RRC_IDLE and RRC_CONNECTED UEs in the case of TDD deployment can lead to lower impact on WAN communication and lower gap size at the end of a discovery sub-frame.

Based on this observation we make the following proposal.

Proposal 2: For TDD deployments both RRC_IDLE and RRC_CONNECTED UEs should use T2=624Ts.
4
Conclusion

In this contribution we analyzed the impact of RRC_CONNECTED UEs using downlink timing on WAN. We made the following observations.
Observation 1: If a UE that receives a discovery signal in a discovery sub-frame that is preceded by a WAN sub-frame absorbs the Tx-Rx switching overhead in the reception of the discovery signal then there should be no impact on WAN communication occurring in the preceding sub-frame.
Observation 2: Using a gap in the last symbol(s) of a discovery transmission ensures that there is no impact on the WAN communication occurring on the following sub-frame. 

Observation 3a: PUCCH occurring on discovery sub-frames will be impacted by misalignment in timing between PUCCH and discovery transmission only for large cell sizes.  

Observation 3b: Since the number of RRC_CONNECTED UEs is much smaller than the number of RRC_IDLE UEs, the additional impact of RRC_CONNECTED UEs using downlink timing on PUCCH will be minimal.

Observation 4a: Overlap between SRS and discovery transmissions can be reduced by using gap on the last symbol(s) of discovery sub-frames. 

Observation 4b: Since the number of RRC_CONNECTED UEs is much smaller than the number of RRC_IDLE UEs, the additional impact of RRC_CONNECTED UEs using downlink timing on SRS will be minimal. 

 Observation 5: Given that the PRACH transmissions use downlink timing there should be no additional impact of RRC_CONNECTED UEs using downlink timing.

Based on these observations we made the following proposal.

Proposal 1: RRC_CONNECTED UEs participating in discovery should use downlink timing.

We also studied the appropriate value of T2 for TDD deployments. We made the following observation and proposal.
Observation 5: Using T2 = 624Ts for both RRC_IDLE and RRC_CONNECTED UEs in the case of TDD deployment can lead to lower impact on WAN communication and lower gap size at the end of a discovery sub-frame.

Proposal 2: For TDD deployments both RRC_IDLE and RRC_CONNECTED UEs should use T2=624Ts.
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