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1 
Introduction
In the last RAN4 meeting, a LS from RAN2 [1] requesting RAN4 to provide some conclusion of additional overheads of inter-carrier/PLMN D2d discovery gap was discussed [2]. However, no agreements on these overhead except the retuning timing was achieved. 
Therefore in this contribution we provide our further considerations on remaining issues on the overhead of inter-carrier/PLMN D2D discovery gap.

2 
Discussion

RAN2 agreed that both intra-frequency gap (discovery on PCell and serving SCell ) and inter-frequency gap (discovery on a non-serving cell) should be supported in the multiple carriers D2D discovery in Rel13. In this section, the analysis on the intra-frequency D2D discovery gap and inter-frequency D2D discovery gap will be given respectively.

2.1. Intra-frequency D2D discovery gap

For intra-frequency D2D discovery, the D2D discovery will be transmitted or received in the same carriers as the serving cell (e.g. PCell and serving SCell). The D2D discovery transmission/reception timing can be based on the serving cell’s timing. Thus no overhead of synchronization time is needed for the D2D discovery gap. The agreements on the intra-frequency D2D discovery gap are self-contained below [3]. 

	1. Retuning of Tx/Rx chains (or turning ON/OFF a spare chain)

a. When Discovery is on serving cell (PCell/SCell), two retunes are required.

2. Synchronization overhead

a. When Discovery is on serving cell (PCell/activated SCell), additional synchronization is not required.

3. Subframe offset

a. When Discovery is on serving cell (PCell/SCell), there is no offset. The timing difference between PCell and SCell can be assumed


2.2. Inter-frequency D2D discovery gap when a single TX/RX chain shared by WAN and D2D
For inter-frequency D2D discovery, the D2D discovery will be transmitted or received in the carriers of non-serving cell. The D2D discovery transmission/reception timing can’t be based on the serving cell’s timing indeed. As results, beside the retuning time the additional overhead of D2D discovery gap (e.g. subframe offset and synchronization time) could be required. 
However, practically UE can 

· Perform the synchronization with the reference source in the background 

· Transmit or receive D2D discovery until the synchronization with reference source obtained  

It implies that: 
Observation 1: The D2D synchronization and D2D discovery TX/RX can be happened in the individual gaps with same configuration in order to reduce the overhead of D2D inter-frequency discovery gap. And D2D discovery TX/RX can be happened in the gap after the synchronization timing is obtained.
Regarding to the typical D2d discovery, the length of resource pool is one subframe which is shorter than the overhead to capture the synchronization signal (e.g. PSS/SSS). The gap for the D2d discovery data transmission and reception is shorter and can be different from that used for D2D synchronization. However, in order to reduce the system design and UE implementation complexity, a unified configuration for D2D discovery gap and D2D synchronization is desired.
Observation 2: A unified configuration (e.g. gap length and periodicity) of D2D gap can be used for both D2D synchronization and D2D discovery transmission/reception.
In particular, as shown in the table below in Rel12 D2D both the PSS/SSS of WAN and SLSS of D2D can potentially be used to derive the timing synchronization [4][5]. According to the different RRC signalling (e.g. SL-syncConfigIndex-r12 and discSyncWindow) the synchronization source, synchronization window and the resource pool for D2D discovery could be different. 
Table 1. D2D discovery reference synchronization source [4]
	Scenario
	D2D TX
	D2D RX

	In coverage, “SL-syncConfigIndex-r12” is not configured, or the “SL-syncConfigIndex-r12” and “W2” are configured
	WAN (DL timing)
	WAN (serving cell)

	In coverage, If the “SL-syncConfigIndex-r12” and “W1” are configured
	WAN(DL timing) 
	SLSS


Observation 3: Regarding to the different synchronization source for D2D discovery under the specific scenarios, the D2D discovery gap length and configurations shall be distinguished between the two cases below.
· WAN (e.g. PSS/SSS) serving as the synchronization source

· SLSS (e.g. PSSS/SSSS) serving as the synchronization source
Therefore we categorized inter-frequency D2D gaps into several scenarios below. 
i. Scenario 1: WAN as synchronization source, discSyncWindow = W2, D2D TX&RX
Firstly an example in Figure 1 below is given to illustrate the D2D discovery gap configuration in case of WAN serving as the synchronization reference source for inter-frequency D2D discovery in the non-serving cell carriers. 
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Figure 1.Gap when WAN serving as synchronization source and discSynWindow is w2
When WAN assumed as the D2D discovery synchronization source, the synchronization window indicated by the network can be less than “w2” which denotes the length corresponding to normal cyclic prefix divided by 2 [5]. Hence the subframe offset overhead in this case can be ignored also. 
As the synchronization signal in WAN (e.g. PSS/SSS) can be founded every 5ms, the gap length with 6ms can guarantee 1 pair of PSS/SSS received within a D2D discovery gap. 

Observation 4: Given the WAN synchronization source used for D2D discovery and the synchronization window is “w2”, the inter-frequency D2D discovery gap can be similar as the inter-frequency measurement gap in Rel12. 

Therefore, we can propose: 
Proposal 1: When WAN serving as synchronization source and ”W2” being configured as the D2D synchronization window size, the inter-frequency D2D discovery gap can reuse the existing gap configuration for inter-frequency measurement gap. 
ii. Scenario 2: WAN as synchronization source, discSyncWindow = W1, D2D TX
In comparison with Scenario 1 the synchronization window size indicated by the high layer can be large as “+/- w1” (e.g. +/- 5ms). As a result the subframe offset impacts on D2D discovery gap shall be considered. Thus an example of D2D discovery gap in Scenario 2 was given in Figure 2 below.
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Figure 2.Gap when WAN serving as synchronization source and discSynWindow is w1
As the synchronization source is PSS/SSS which can be found every 5ms, the gap for the synchronization purpose can be 6ms with 1ms for retuning. On the other hand, there is “w1” offset between the D2d discovery resource and the serving cell timing. Thus the D2D discovery TX/RX gap shall be 13ms at least considering the subframe offset within [-5ms, 5ms) and 2ms retuning time. 
Observation 5: When WAN serving as synchronization source and “W1” being configured as the D2D synchronization window size, the inter-frequency D2D discovery gap can be up to [13ms] with sharing RX chain.
iii. Scenario 3: SLSS as synchronization source, discSyncWindow = W1,D2D RX
When SLSS used as the synchronization source for D2D discovery, in comparison with Scenario 2 above, there is 1 PSSS/SSSS synchronization signal over 40ms. Thus theoretically the window to capture a synchronization signal pair shall be 40ms at least in case of asynchronous networks. But as the maximum offset between the neighbor cells and serving cells can be indicated by discoverySynchWindow [6] for the sidelink in Rel12, the synchronization window size shall be determined by “W1” in Scenario 3. And an example of D2D discovery gap under this scenario was given in Figure 3 below. 
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Figure 3.Gap when SLSS serving as synchronization source and discSynWindow is w1
Observation 6: When SLSS serving as synchronization source and “W1” being configured as the D2D synchronization window size, the inter-frequency D2D discovery gap can be up to [13ms] with sharing RX chain.    

2.3. Inter-frequency D2D discovery gap when dedicated RX chain for D2D

As explained in Section 2.2 above, if there is single RX chain shared by WAN and D2D TX/RX the D2D discovery gap shall be required for D2D synchronization and D2d discovery. And for several scenarios the gap overhead is much higher. For example, when SLSS serving as the sync source the overhead of D2D discovery gap can be high as “13/40=32.5%” given the periodicity of this gap is 40ms. 

Observation 7: With the sharing RX chain for inter-frequency D2D discovery, the overhead of D2D inter-frequency discovery gap can be high as 32.5%.  
On the other hand, if the dedicated TX/RX chain is used for D2D discovery, the simultaneous WAN and D2D synchronization or discovery RX can be possible. Therefore UE need not turn off WAN data TX/RX when performing D2D synchronization and discovery. This can improve the network efficiency significantly. But the potential interruption due to D2D RX chain retuning will be occurred. To avoid such interruption the small gap which are required by RF retuning can be applicable. In the figure below, an example same as that of Scenario 2 is given except the dedicated RX chain for D2D discovery. 
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Figure 4.Gap when WAN serving as synchronization source and discSyncWindow is w2 and dedicated RX chain for D2D
Proposal 2: In case of the dedicated RX chain for D2D discovery, the small gap can be applied to reduce the overhead of D2D inter-frequency discovery gap.
In conclusion, for the inter-frequency D2D discovery gap the overhead which shall be taken counted into are summarized in the table below.

 Table 2. Inter-frequency D2D discovery gap overhead
	Scenarios
	RF retuning
	Synchronization time
	Subframe offset indicated by “SL-syncConfigIndex-r12”
	Total gap length
	Interruption allowed

	Shared TX/RX
	WAN synchronization source, discSyncWindow=w2
	1ms
	5ms
	0
	6ms
	No

	
	WAN synchronization source, discSyncWindow=w1
	2ms
	5ms
	10ms
	13ms
	No

	
	SLSS synchronization source, discSyncWindow=w1
	2ms
	11ms
	11ms
	13ms
	No

	Dedicated TX/RX
	WAN synchronization source, discSyncWindow=w2
	2ms
	-
	-
	2ms
	No

	
	WAN synchronization source, discSyncWindow=w1
	2ms
	-
	-
	-
	No

	
	SLSS synchronization source, discSyncWindow=w1
	2ms
	-
	-
	-
	No


3 
Conclusion
In this contribution, further considerations on the overhead of inter-frequency D2D discovery gap are presented. In conclusion, the following observations and proposals can be drawn: 
Observation 1: The D2D synchronization and D2D discovery TX/RX can be happened in the individual gaps with same configuration in order to reduce the overhead of D2D inter-frequency discovery gap. And D2D discovery TX/RX can be happened in the gap after the synchronization timing is obtained.
Observation 2: A unified configuration (e.g. gap length and periodicity) of D2D gap can be used for both D2D synchronization and D2D discovery transmission/reception.
Observation 3: Regarding to the different synchronization source for D2D discovery under the specific scenarios, the D2D discovery gap length and configurations shall be distinguished between the two cases below.
· WAN (e.g. PSS/SSS) serving as the synchronization source
· SLSS (e.g. PSSS/SSSS) serving as the synchronization source
Observation 4: Given the WAN synchronization source used for D2D discovery and the synchronization window is “w2”, the inter-frequency D2D discovery gap can be similar as the inter-frequency measurement gap in Rel12. 

Proposal 1: When WAN serving as synchronization source and ”W2” being configured as the D2D synchronization window size, the inter-frequency D2D discovery gap can reuse the existing gap configuration for inter-frequency measurement gap.
Observation 5: When WAN serving as synchronization source and “W1” being configured as the D2D synchronization window size, the inter-frequency D2D discovery gap can be up to [13ms] with sharing RX chain.

Observation 6: When SLSS serving as synchronization source and “W1” being configured as the D2D synchronization window size, the inter-frequency D2D discovery gap can be up to [13ms] with sharing RX chain.  

Observation 7: With the sharing RX chain for inter-frequency D2D discovery, the overhead of D2D inter-frequency discovery gap can be high as 32.5%.  

Proposal 2: In case of the dedicated RX chain for D2D discovery, the small gap can be applied to reduce the overhead of D2D inter-frequency discovery gap.
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