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1 Introduction
The following agreement with respect to synchronization resource configuration and conditions for D2DSS transmission was achieved in RAN1#78bis [1]: 
Agreement:

· For in-coverage UEs, 

· A maximum of 1 D2DSS resource (comprising a periodically occurring subframe in which D2DSS may be transmitted if the conditions below are satisfied (note that the eNB may reuse resources which are not used for D2DSS transmission)) can be configured per cell for in coverage UEs

· The D2DSS resource periodicity is: 

· The same for in-coverage and out-of-coverage

· Fixed to 40 ms in the specifications

· The D2DSS resource can be configured with a time offset with a granularity of 1 subframe

· The D2DSS resource offset of neighbor cells can be signaled in a SIB w.r.t. SFN#0 of the serving cell with a granularity of 1 subframe

· For a UE transmitting SA or D2D data, in each subframe in the D2DSS resource, the UE shall transmit D2DSS if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the subframe is within the SA or D2D data period in which SA or data is transmitted, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signaling) to start D2DSS transmission, AND/OR FFS other condition(s) are satisfied if the UE is not transmitting SA or D2D data within the SA/data period in which the subframe falls OR all of the following conditions are satisfied: 

· an RSRP threshold for communication D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signaling) to stop D2DSS transmission.

· For a discovery UE, for each discovery pool, the UE shall transmit D2DSS in the first subframe of the discovery pool if this subframe is in the D2DSS resource, or otherwise in the latest subframe of the D2DSS resource before the start of the discovery pool, if:

· the subframe does not conflict with cellular transmission from the UE perspective, AND

· FFS: the UE is not scanning for other D2DSS (details FFS), AND

· FFS other defined conditions, including e.g. UE capability, are satisfied, AND

· the UE transmits a discovery message in the discovery pool, AND

· the UE is RRC_Connected and the eNB has instructed it (by dedicated signaling) to start D2DSS transmission, OR all of the following conditions are satisfied: 

· an RSRP threshold for discovery D2DSS transmission is configured, AND

· if configured, the threshold is configured using SIB

· the threshold can take values {–infinity, -115 … -60 (increments of 5), +infinity}dBm 

· the RSRP value of the UE is less than the threshold, AND

· the eNB has not instructed the UE (by dedicated signaling) to stop D2DSS transmission.

· Out-of-coverage UEs do not transmit D2DSS on more than 1 D2DSS resource

· 2 D2DSS resources are used for out-of-coverage

· FFS whether the locations are preconfigured, signaled or fixed in the spec w.r.t. DFN#0

In RAN1#76bis, on the other hand, the following was agreed [2]:

· For out-of-coverage

· A UE can become a D2D Synchronization Source if received signal strength of all received D2DSS(s) by the UE are below X dBm 

· FFS on details of how to compute the received signal strength of a D2DSS

· FFS for how long the received signal strength has to be below X dBm

· The value of X dBm is pre-configured

· The value of X can be infinite, i.e., every UE can become a D2D Synchronization Source

· Set of other possible values of X is FFS

· Other criteria under which a UE may become a D2D synchronization source are not precluded – FFS

· Any possible conditions under which a UE shall not become or shall cease to be a D2D synchronization source are FFS
In this paper, we will discuss conditions for D2DSS transmission for in-coverage UEs and out-of-coverage UEs. For in-coverage UEs, our discussion will be focused on the scenario where a UE is not transmitting SA/data within the SA/data period. 
2 Discussion
2.1 In-coverage UEs

D2DSS transmission for SA/data reception
The periodicity of D2DSS resource is fixed to 40ms in the specification, and the available SA/data periodicities for FDD and TDD configuration 1~5 are integral multiple of 40ms. Thus, at least one D2DSS resource preceding SA/data in every SA/data period can be guaranteed if the offset for D2DSS resource and SA/data are properly configured by the eNB. However, for TDD configuration 0 and 6, it is difficult to warrant this due to the inconsistency between the periodicity of D2DSS resource and SA/data. In this case, the D2DSS subframes could fall behind the SA/data subframe in a SA/data period and this may impact to SA/data reception. One example is shown in Figure 1, where the periodicity of SA is 60ms (corresponding to TDD configuration 6). Obviously, the reception of SA in SA period i+1 may rely on the D2DSSs transmitted in the previous SA period.
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Figure 1: The relative location of D2DSS subframes and SA subframes in TDD configuration 6 when SA period equals to 60ms within network coverage
D2DSS transmission for interference avoidance
When the timing of ISS is not aligned with the timing originated from eNB, the D2D signals transmitted by out-of-coverage UEs (which are based on the timing of ISS) may cause interference to the in-coverage D2D UEs. In addition, this may also impact the WAN reception if the ISS and the cell are working on the same TDD carrier.
With our analysis above, we can conclude that even though a UE is not transmitting SA/data, it may still need to transmit D2DSS to assist the SA/data reception or to prevent/eliminate the interference caused by out-of-coverage D2D UEs.

Observation 1:
·  It is necessary for the in-coverage UE not transmitting SA/data to transmit D2DSS.
2.2 Out-of-coverage UEs

D2DSS transmission for SA/data reception
It was observed from [3] that a lot of unsynchronized timing references can be seen at a single receiver side, e.g., from 5 to 30 if synchronization scheme is not well-designed. This large number of unsynchronized timing references can impact the receiver operation and thus a method to reduce the number is needed. Even if synchSourceThres can somewhat resolve this problem, this condition may be not enough to reduce the burden of receiver operation. Furthermore, as shown in Figure 2, assuming UE-1 is synchronized to UE-2 and the link budget for D2DSS and SA/data are similar, then there will be range mismatch between D2D SA/Data transmitted from UE-1 and D2DSS transmitted from UE-2. Thus UE-3 cannot receive D2D SA/data from UE-1 even if the UE-1 and UE-3 are close to each other. These two problems could be simply resolved if we only allow a UE transmitting SA/data and at the same time satisfying the synchSourceThres requirement to transmit D2DSS.
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Figure 2: Range mismatch between D2DSS and D2D data/SA in out-of-coverage network

D2DSS transmission for interference avoidance
When a D2DSS receiving UE is under the coverage of more than one unsynchronized ISSs as shown in Figure 3, then D2DSSs transmitted from different ISSs may interfere each other at the D2DSS receiving UE. Here, it is assumed that UE-1 performs synchronization with ISS-1 based on received signal quality of D2DSS and/or DFN, and UE-1 has no SA/data to transmit (e.g., UE-1 is not an ISS), and ISS-1 and ISS-2 are unsynchronized ISSs. In this example, UE-1 may suffer from the interference caused by ISS-2 in case that its D2DSS resource overlaps with that of ISS-1 (Figure 3(a)). If a scanning or measurement period is introduced, then UE-1 can detect D2DSS transmitted from ISS-2 during that period. After detection of another D2DSS, it should be decided whether UE-1 has to keep following current reference synchronization source (ISS-1) or change its reference timing to ISS-2. This decision can be performed by a priority basis, e.g., synchronization source providing stronger received signal quality has higher priority than weaker one or synchronization source having larger DFN has higher priority than smaller one. In Figure 3(b), we assume that ISS-1 has higher priority than ISS-2. Thus UE-1 has to forward the timing of ISS-1 to ISS-2 in order to avoid interference caused by ISS-2, and UE-1 can be called as DSS (Dependent Synchronization Source). When ISS-2 receives D2DSS transmitted by DSS, ISS-2 decides whether its reference timing is changed or not based on the priority rule between D2DSS from UE-1 and its own D2DSS.
Similarly, in the event that ISS-1 and ISS-2 transmit SA/data according to their reference timing, the SA/data transmitted from different ISSs may also interfere with each other at the receiving UE.
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	(a) Interference scenario
	(b) Forwarding the timing of ISS-1 to ISS-2 

	Figure 3: Illustration of D2DSS transmission to avoid interference between different ISSs in out-of-coverage network


Based on our discussion, the following observation can be achieved

Observation 2:
· There could be numerous unsynchronized timing references and range mismatch problem when an out-of-coverage UE not transmitting SA/data transmits D2DSS.
· In out-of-coverage, additional condition for D2DSS transmission is required to avoid interference caused by unsynchronized ISSs
3 Conditions for D2DSS transmission
3.1 In-coverage UEs

For an RRC_Connected D2D UE with D2DSS transmission capability, the UE should transmit D2DSS if the eNB instructs it to do even though the UE is not transmitting SA/data (SA/data idle UE). This D2DSS transmission condition may be helpful to the cell where there is no UE transmitting SA/data in the cell. In this case eNB can instruct some RRC_Connected D2D UEs, e.g. the ones with D2DSS transmission capability and located in the cell edge, to transmit D2DSS periodically to prevent the interference caused by out-of-coverage UEs.

Proposal 1:

·  Regardless of transmission of SA/data, a D2D UE with D2DSS transmission capability should transmit D2DSS if the eNB instructs it to do so.

SA/data idle UE should have the freedom to start the D2DSS transmission autonomously if some conditions are met. As we analyzed in Section 2, the intention for the SA/data idle UE to transmit D2DSS is to assist the reception of SA/data for receiving UE or prevent/eliminate the interference caused by out-of-coverage D2D UEs. Given the agreement, we have achieved in the last meeting that the UE transmitting SA/data with a RSRP value less than the threshold may transmit D2DSS in every D2DSS resource period, so SA/data idle UE needs to transmit D2DSS only if the D2DSSue_net from the in-coverage UE transmitting SA/data is absent or D2DSSue_oon is detected. Then we can deduce the conditions for SA/data idle UE to transmit D2DSS:
Condition 1: the RSRP value of the UE is less than the configured RSRP threshold; and the received power of D2DSSue_net within the same cell is less than a configured D2DSS threshold. Or, 

Condition 2: the received power of D2DSSue_oon from out-of-coverage is greater than a configured threshold.

Proposal 2:

· Condition 1 or Condition 2 should be used to trigger autonomous D2DSS transmission of the SA/data idle UE within network coverage.
3.2 Out-of-coverage UEs

For out-of-coverage UEs, it is needed to resolve range mismatch problem as well as to reduce the number of unsynchronized timing references as mentioned in Section 3. In addition, interference caused by unsynchronized ISSs should be minimized. Then we can deduce the conditions for out-of-coverage UEs as follows:
Condition 3: a UE transmitting SA/data should be ISS and transmit D2DSS, or
Condition 4: if a UE not transmitting SA/data (not ISS) detects another D2DSS with different reference timing and detected D2DSS has lower priority than D2DSS providing current reference timing, the UE can transmit D2DSS as a DSS.

Proposal 3:

· Condition 3 or Condition 4 should be used to trigger D2DSS transmission of out-of-coverage UEs.
4 Subframes for D2DSS measurement/ transmission
According to the Condition 1, the SA/data idle UE needs D2DSS measurement to determine whether to transmit D2DSS or not. So, the UE continues to measure the received power of D2DSSue_net, and start the D2DSS transmission if and only if the detected D2DSSue_net power is less than a D2DSS threshold.

For the SA/data idle UE that has already been transmitting D2DSS, it is still necessary to measure the D2DSSue_net so as to cease the D2DSS transmission in case that the D2DSSue_net appears. Since at most 1 D2DSS resource can be configured for in-coverage UEs, the SA/data idle UE can only transmit D2DSS in part of the subframes of the D2DSS resource and leave the rest of subframes for the measurement. One example is given in Figure 2, where the subframes for D2DSS measurement and D2DSS transmission are interlaced. Subframes for D2DSS measurement and D2DSS transmission can be determined according to the formula mod (n-Δ, 80) =0 and mod (n-Δ-40, 80) =0 respectively, where n denotes the subframe index and Δ is the offset of synchronization resource.

The states transition for the SA/data idle UE is illustrated in Figure 3.
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Figure 4: One example for the allocation of D2DSS measurement subframe and D2DSS transmission subframe within network coverage
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	(a) Condition 1
	(b) Condition 2


Figure 5: Illustration of states transition for SA/data idle UE within network coverage
According to the Condition 2, before the SA/data idle UE starts to transmit D2DSS, it has to measure the D2DSSue_oon. Since the timing of D2DSSue_oon is not synchronized with that of the cell, the measurement of the D2DSSue_oon has to be done and the periodicity should at least be 40ms. For D2D communication, UE supports simultaneous reception on associated UL and DL spectrum in FDD, so D2DSS scanning may not impact the DL reception in FDD system. However, DL reception in TDD system and cellular transmission may be interrupted by the D2DSS scanning operation. So it is necessary to specify or configure D2DSS scanning window and D2DSS scanning period to support the measurement of D2DSSue_oon. Similarly, the DSS has to scan or measure other D2DSSs transmitted from neighbouring ISSs before it starts to transmit D2DSS according to the Condition 4. In this case, D2DSS scanning window and D2DSS scanning period can be pre-configured or fixed in specification.
On the other hand, D2DSS scanning can cause additional power consumption. For example, according to the power consumption model define in [2], RX Power is 1 unit per subframe, and UE will consume at least 40 power units in one scanning window.  Considering that power consumed in sleep mode is 0.01 units per subframe, and TX Power for 23dBm is about 3.17 units per subframe, the length of scanning periodicity should be up to one second so as to avoid considerable power consumption of UE.
5 Conclusions

We provide our views on conditions for D2DSS transmission when a UE is not transmitting SA/data within the SA/data period; we have the following observation and proposals:
Observation 1:
·  It is necessary for the in-coverage UE not transmitting SA/data to transmit D2DSS.
Observation 2:
· There could be numerous unsynchronized timing references and range mismatch problem when an out-of-coverage UE not transmitting SA/data transmits D2DSS.
· In out-of-coverage, additional condition for D2DSS transmission is required to avoid interference caused by unsynchronized ISSs
Proposal 1:

·  Regardless of transmission of SA/data, a D2D UE with D2DSS transmission capability should transmit D2DSS if the eNB instructs it to do so.

Proposal 2:

· Condition 1 or Condition 2 should be used to trigger autonomous D2DSS transmission of the SA/data idle UE within network coverage.
Proposal 3:

· Condition 3 or Condition 4 should be used to trigger D2DSS transmission of out-of-coverage UEs.
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