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1 Introduction

In the last meeting Ran4#74bis, list of test cases for ProSe was agreed [1]. The list is separated into D2D discovery and D2D communication.. In this paper, we discuss the detail on interruption test during discovery among the test cases. 
2 Discussion
Among the agreed test case lists, interruption test is to verify WAN interruptions in RRC_Connected in FDD.  For D2D discovery, it includes interruption during RRC reconfiguration and during discovery in one test. For D2D communication, it includes interruption only during RRC reconfiguration. 

For D2D discovery, we need to define discovery pool and clarify related interrupted subframe for synchronous network and asynchronous network. And we need also to consider the UE RF structure for supporting D2D discovery. With single RF chain, WAN interruptions due to D2D Rx does not occur in RRC_Connected. That is, the number of missed Ack/Nack  is ‘0’.  With spare RF chain for D2D Rx, WAN interruptions due to switching D2D Rx spare chain On/Off may occur in RRC_Connected. This paper is for the D2D discovery with spare RF chain.
Wherein, discovery pool related parameters for test are assumed as below. 

· discoverySubframeBitmap = 11111111_00000000_00000000_00000000

· numRepetition = 1

· discoveryOffsetIndicator = 160ms

· discovery period = 320ms

· SyncOffsetIndicator = 20ms(for only Asynchronous network)

· PDSCH scheduling in DL

· Option 1 : eNB is assumed not to schedule PDSCH in DL subframe related to UL ACK/NACK subframe which corresponds to SLSS and discovery including searching window.
· Option 2 : eNB is assumed to schedule PDSCH in all DL subframes

2.1 D2D discovery in Synchronous network

Assuming above parameters, Figure 2-1 and Figure 2-2 show the relationship of eNB WAN DL,  UE WAN UL and UE D2D Rx to compare the interruption number to WAN UL according to the position of switching D2D Receiver spare chain On/Off for PDSCH scheduling option 1 and option2 respectively. 

· Sync-Alt1 : before and after “discoverySubframeBitmap x numRepetition”
· Sync-Alt2 : before first “discoverySubframeBitmap of 1” and after last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
In Figure2-1(a), the subframe in which D2D receiver spare chain switching On/Off occurs is ‘158, 193’ with Sync-Alt1. The UL ACK/NACK subframe of ‘197’  corresponding to DL subframe of  ‘193’ among the subframes is interrupted due to D2D receiver spare chain switching On/Off. The total UL interrupted subframe is ‘158, 193, 197’ and the number of interrupted subfame is 3 per 320ms. Wherein, the UE behavior between D2D Rx and WAN UL Tx is like TDD operation in the subframe of ‘168,169’. It does not raise any problem in the operation, because the punctured D2D last symbol is like gap in TDD special subframe.

In Figure2-1(b), the subframe in which D2D receiver spare chain switching On/Off occurs is ‘158, 169’ with Sync-Alt2. The UL ACK/NACK subframe of ‘173’  corresponding to DL subframe of  ‘169’ among the subframes is interrupted due to D2D receiver spare chain switching On/Off. The total UL interrupted subframe is ‘158, 169, 173’ and the number of interrupted subfame is 3 per 320ms. The difference from Figure2-1(b) is that switching D2D Rx spare chain Off  occurs 24 subframe earlier. It is benefit in aspect of power saving of UE.

From the figures, the number of missed ACK/NACK is 3 for both ‘a’ and ‘b’ during 320ms. 
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(a). Sync-Alt1
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(b). Sync-Alt2
Figure 2-1. Relationship between WAN DL/UL and D2D Rx depending on switching D2D Rx spare chain On/Off subframe with PDSCH scheduling Option 1
With PDSCH scheduling Option 2, Figure 2-2 shows the number of missed Ack/Nack  of 4 for above both ‘a’ and ‘b’ configuration according to the interruption specification during D2D discovery even though being impossible to receive D2D discovery. Figure2-2(b) is that switching D2D Rx spare chain Off  occurs 24 subframe earlier. It is benefit in aspect of power saving of UE.
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(a). Sync-Alt1
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(b). Sync-Alt2
Figure 2-2. Relationship between WAN DL/UL and D2D Rx depending on switching D2D Rx spare chain On/Off subframe with PDSCH scheduling Option 2
In summary, Table2-1 shows the missed Ack/Nack and number of power saved subframe according to switching D2D Rx spare chain On/Off subframe.
Table 2-1. Number of missed Ack/Nack during 320ms

	PDSCH scheduling
	Option1
	Option2

	Switching On/Off method of D2D Rx spare chain
	Sync-Alt1
	Sync-Alt2
	Sync-Alt1
	Sync-Alt2

	# of missed Ack/Nack
	3
	3
	4
	4

	# of scheduled PDSCH
	310
	310
	320
	320

	Rate of missed Ack/Nack(%)
	0.97
	0.97
	1.25
	1.25

	# of D2D Rx power On subframe
	35
	11
	35
	11


2.2 D2D discovery in Asynchronous network

Assuming above parameters, Figure 2-3 and Figure 2-4 show the relationship of eNB WAN DL,  UE WAN UL and UE D2D Rx to compare the interruption number to WAN UL depending on the position of switching D2D Receiver spare chain On/Off for PDSCH scheduling option 1 and option2 respectively. 
· Async-Alt1 : before and after “SLSS” & before and after “discoverySubframeBitmap x numRepetition”
· Async-Alt2 : before and after “SLSS” & before first “discoverySubframeBitmap of 1” and after last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
· Async-Alt3 : before “SLSS” and after  “discoverySubframeBitmap x numRepetition”
· Async-Alt4 : before “SLSS” and after  last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
In Figure2-3(a), the subframe in which D2D receiver spare chain switching On/Off occurs is ‘134, 146, 154, 197’ with Async-Alt1. The UL ACK/NACK subframe of ‘150, 201’  corresponding to DL subframe of  ‘146, 197’ among the subframes is interrupted due to D2D receiver spare chain switching On/Off. The total UL interrupted subframe is ‘134, 146, 150, 154, 197, 201’ and the number of interrupted subfame is 6 per 320ms. 

In Figure2-3(b), the subframe in which D2D receiver spare chain switching On/Off occurs is ‘134, 146, 154, 173’ with Async-Alt2. The UL ACK/NACK subframe of ‘150, 177’  corresponding to DL subframe of  ‘146, 173’ among the subframes is interrupted due to D2D receiver spare chain switching On/Off. The total UL interrupted subframe is ‘134, 146, 150, 154, 173, 177’ and the number of interrupted subfame is 6 per 320ms. Figure2-3(b) is that switching D2D Rx spare chain Off  occurs 24 subframe earlier than Figure2-3(a). 

In Figure2-3(c), the subframe in which D2D receiver spare chain switching On/Off occurs is ‘134,  197’ with Async-Alt3. The UL ACK/NACK subframe of ‘201’  corresponding to DL subframe of  ‘197’ among the subframes is interrupted due to D2D receiver spare chain switching On/Off. The total UL interrupted subframe is ‘134, 197, 201’ and the number of interrupted subfame is 3 per 320ms. 

In Figure2-3(d), the subframe in which D2D receiver spare chain switching On/Off occurs is ‘134,  173’ with Async-Alt4. The UL ACK/NACK subframe of ‘177’  corresponding to DL subframe of  ‘173’ among the subframes is interrupted due to D2D receiver spare chain switching On/Off. The total UL interrupted subframe is ‘134, 173, 177’ and the number of interrupted subfame is 3 per 320ms. Figure2-3(d) is that switching D2D Rx spare chain Off  occurs 24 subframe earlier than Figure2-3(c).
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(a). Async-Alt1
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(b). Async-Alt2
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(c). Async-Alt3
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(d). Async-Alt4
Figure 2-3. Relationship between WAN DL/UL and D2D Rx depending on switching D2D Rx spare chain On/Off subframe with PDSCH scheduling Option 1

With PDSCH scheduling Option 2, Figure 2-4 shows the number of missed Ack/Nack  of 8 for both ‘a’ and ‘b’ configuration and 4 for  bothe ‘c’ and ‘d’ according to the interruption specification during D2D discovery even though being impossible to receive D2D discovery. And, Figure2-4(d) is that switching D2D Rx spare chain Off  occurs 24 subframe earlier than Figure2-4(c). It is benefit in aspect of power saving of UE.
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(a). Async-Alt1
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 (b). Async-Alt2
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 (c). Async-Alt3
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 (d). Async-Alt4
Figure 2-4. Relationship between WAN DL/UL and D2D Rx depending on switching D2D Rx spare chain On/Off subframe with PDSCH scheduling Option 2
In summary, Table2-2 shows the missed Ack/Nack and number of power saved subframe according to switching D2D Rx spare chain On/Off subframe.

Table 2-2. Number of missed Ack/Nack during 320ms
	PDSCH scheduling
	Option1
	Option2

	Switching On/Off method of D2D Rx spare chain
	Async-Alt1
	Async-Alt2
	Async-Alt3
	Async-Alt4
	Async-Alt1
	Async-Alt2
	Async-Alt3
	Async-Alt4

	# of missed Ack/Nack
	6
	6
	3
	3
	8
	8
	4
	4

	# of scheduled PDSCH
	291
	291
	291
	291
	320
	320
	320
	320

	Rate of missed Ack/Nack(%)
	2.06
	2.06
	1.03
	1.03
	2.5
	2.5
	1.25
	1.25

	# of D2D Rx power On subframe
	55
	31
	63
	39
	55
	31
	63
	39


From the summarized Table2-1 and Table2-2, we can make some observations as below.
· Observation 1: For synchronous network, Option1 is 10 smaller than Option2 during 320ms in terms of the total number of scheduled PDSCH and the rate difference of missed Ack/Nack is very small under same switching On/Off method of D2D Rx spare chain.
· Observation2: For synchronous network, when switching D2D Rx spare chain On/Off,  Sync-Alt2  is more efficient than  Sync-Alt1 in aspect of D2D Rx power saving.
· Observation 3: For Asynchronous network, Option1 is 29 smaller than Option2 during 320ms in terms of the total number of scheduled PDSCH and the rate difference of missed Ack/Nack is very small under same switching On/Off method of D2D Rx spare chain.
· Observation5: For Asynchronous network, when switching D2D Rx spare chain On/Off, Async-Alt2 and Async-Alt4 are more efficient than Async-Alt1 and Async-Alt3 in aspect of D2D Rx power saving.
· Observation6: For single RF chain, the number of missed Ack/Nack is ‘0’ in RRC_Connected for both Synchronous and Asynchronous network.
Based on the observations, we propose as below
· Proposal 1: For interruption test of D2D discovery, the following parameters are proposed to consider
· discoverySubframeBitmap = 11111111_00000000_00000000_00000000

· numRepetition = 1

· discoveryOffsetIndicator = 160ms

· discovery period = 320ms

· SyncOffsetIndicator = 20ms(for only Asynchronous network)

· PDSCH scheduling in DL

· Option 1 : eNB is assumed not to schedule PDSCH in DL subframe related to UL ACK/NACK subframe which corresponds to SLSS and discovery including searching window.

· Option 2 : eNB is assumed to schedule PDSCH in all DL subframes

· Switching On/Off method of D2D Rx spare chain
· For Synchronous network : our preference is Sync-Alt2
· Sync-Alt1 : before and after “discoverySubframeBitmap x numRepetition”
· Sync-Alt2 : before first “discoverySubframeBitmap of 1” and after last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition” 

· For Asynchronous network  : our preference is Async-Alt4
· Async-Alt1 : before and after “SLSS” & before and after “discoverySubframeBitmap x numRepetition”
· Async-Alt2 : before and after “SLSS” & before first “discoverySubframeBitmap of 1” and after last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
· Async-Alt3 : before “SLSS” and after  “discoverySubframeBitmap x numRepetition”
· Async-Alt4 : before “SLSS” and after  last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
· Proposal 2: For interruption test of D2D discovery with single RF chain, the reported number of missed Ack/Nack should be ‘0’.
· Proposal 3: In 7.16.3.3 of TS 36.133, the interruption for single RF chain needs to be removed, because no interruption to WAN is  expected in IDLE and in RRC_Connected state.
3 Conclusion
In this paper, we investigated the interruption test of D2D discovery in aspect of PDSCH scheduling and Switching On/Off method of D2D Rx spare chain for synchronous network and asynchronous network. Here, we got some observations as below.

· Observation 1: For synchronous network, Option1 is 10 smaller than Option2 during 320ms in terms of the total number of scheduled PDSCH and the rate difference of missed Ack/Nack is very small under same switching On/Off method of D2D Rx spare chain.
· Observation2: For synchronous network, when switching D2D Rx spare chain On/Off,  Sync-Alt2  is more efficient than  Sync-Alt1 in aspect of D2D Rx power saving.
· Observation 3: For Asynchronous network, Option1 is 29 smaller than Option2 during 320ms in terms of the total number of scheduled PDSCH and the rate difference of missed Ack/Nack is very small under same switching On/Off method of D2D Rx spare chain.
· Observation5: For Asynchronous network, when switching D2D Rx spare chain On/Off, Async-Alt2 and Async-Alt4 are more efficient than Async-Alt1 and Async-Alt3 in aspect of D2D Rx power saving.
· Observation6: For single RF chain, the number of missed Ack/Nack is ‘0’ in RRC_Connected for both Synchronous and Asynchronous network.
Based on the observations, we propose as below
· Proposal 1: For interruption test of D2D discovery, the following parameters are proposed to consider
· discoverySubframeBitmap = 11111111_00000000_00000000_00000000

· numRepetition = 1

· discoveryOffsetIndicator = 160ms

· discovery period = 320ms

· SyncOffsetIndicator = 20ms(for only Asynchronous network)

· PDSCH scheduling in DL

· Option 1 : eNB is assumed not to schedule PDSCH in DL subframe related to UL ACK/NACK subframe which corresponds to SLSS and discovery including searching window.

· Option 2 : eNB is assumed to schedule PDSCH in all DL subframes

· Switching On/Off method of D2D Rx spare chain
· For Synchronous network : our preference is Sync-Alt2

· Sync-Alt1 : before and after “discoverySubframeBitmap x numRepetition”
· Sync-Alt2 : before first “discoverySubframeBitmap of 1” and after last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition” 

· For Asynchronous network  : our preference is Async-Alt4

· Async-Alt1 : before and after “SLSS” & before and after “discoverySubframeBitmap x numRepetition”
· Async-Alt2 : before and after “SLSS” & before first “discoverySubframeBitmap of 1” and after last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
· Async-Alt3 : before “SLSS” and after  “discoverySubframeBitmap x numRepetition”
· Async-Alt4 : before “SLSS” and after  last “discoverySubframeBitmap of 1”  in “discoverySubframeBitmap x numRepetition”
· Proposal 2: For interruption test of D2D discovery with single RF chain, the reported number of missed Ack/Nack should be ‘0’.
· Proposal 3: In 7.16.3.3 of TS 36.133, the interruption for single RF chain needs to be removed, because no interruption to WAN is  expected in IDLE and in RRC_Connected state.
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