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1. Introduction

The LTE Rel-13 Enhanced LTE Device to Device Proximity Services WI aims to enhance the support for D2D in the presence of multiple carriers and PLMNs, enable OOC D2D Discovery operation, support UE-NW L3 relaying functionality and provide a number of additional D2D functionality enhancements [1]. In accordance to the WI objectives the RAN4 WG needs to “Define additional (if needed) demodulation requirements … for the UE”. 
The topic was initially discussed in the previous RAN4 meeting the following agreements were reached:

	· No new demodulation performance requirement test needed for UE-NW relays.

· No new demodulation performance requirement test needed for Group priority enhancement.


In this contribution we provide our further views on the eD2D impacts on the UE demodulation requirements.

2. Discussion

The following remaining eD2D features may potentially impact the RAN4 UE demodulation requirements:

· Out of coverage D2D Discovery

· Inter Frequency and Inter PLMN D2D Discovery

· D2D multicarrier support

2.1 OOC Discovery and SLSS capabilities
The support of Type 1 D2D Discovery was introduced to enable operation in the out of coverage and partial coverage scenarios for the PS services. No changes to the PSDCH physical channel design were made. At the same time, new synchronization behaviour was introduced, which includes reduced SLSS transmissions period (aligned with the D2D communication) and the support of the PSBCH transmission/reception. Although the functionality is very much alike the Rel-12, we believe that it is important to introduce corresponding UE demodulation and/or RRM test case to verify OOC PSDCH reception and the implementation of the new synchronization behaviour. 

To understand the set of required test case a more detailed analysis of the associated UE capabilities would be helpful. The following agreements on the associated capabilities were made in the last RAN2 meeting:

· Optional capability bit for SLSS support (“discPeriodicSLSS-r13”)

· Out-of-coverage discovery is mandatory for all Rel-13 UEs that support PS communication and no capability bit is introduced (as the UE is out-of-coverage) 

In Table 1 we provide our views on the expected D2D Discovery functionality depending on the supported UE capabilities and also the applicable D2D Discovery test cases.

Table 1. Rel-13 eD2D D2D Discovery SLSS and OOC capabilities summary

	UE capabilities
	In Coverage 
	OOC D2D-D
	Applicable D2D-D test cases in TS 36.101

	
	D2D-D without SLSS
	D2D-D with R12 SLSS
	D2D-D with R13 SLSS
	
	

	R12 D2D-D (i.e. discSupportedBands-r12)
	Yes
	No
	No
	No
	11.2 (single link performance) + 11.3 (power imbalance) + 11.5 (max SL process)

	R12 D2D-D + R12 SLSS (disc-SLSS-r12)
	Yes
	Yes
	No
	No
	11.3 + 11.5 + 11.4 (multiple timing reference test)

	R12 D2D-D + R13 SLSS (discPeriodicSLSS-r13)
	Yes
	No
	Yes
	No
	FFS: 11.3 + 11.5 + Modified 11.4 with R13 SLSS

	R12 D2D-D + R12 SLSS + R13 SLSS
	Yes
	Yes
	Yes
	No
	FFS: 11.3 + 11.5 + 11.4 + Modified 11.4 with R13 SLSS

	R12 D2D-C 
(commSupportedBands-r12)
	No
	No
	No
	No
	NA

	R13 D2D-C (i.e. R12 D2D-D + R12 D2D-D + R13 SLSS) 
	Yes
	No
	Yes
	Yes
	FFS: 11.3 + 11.5 + New OOC D2D-D

	R13 D2D-C + R12 SLSS 
	Yes
	Yes
	Yes
	Yes
	FFS: 11.3 + 11.5 + 11.4 + New OOC D2D-D


In our understanding the R13 SLSS feature can be applicable for UEs with and without D2D Communication support and the test case applicability may be different for different types of UEs.

Non D2D Communication capable UEs

For the UEs without D2D Communication support the Rel-13 SLSS support is optional and can be used alone or in conjunction with Rel-12 SLSS. In Rel-12 depending on the presence of Rel-12 SLSS capability UE was supposed to pass either single link demodulation test case or multiple timing reference test cases. With the introduction of the Rel-13 SLSS the situation gets more complicated. In our view, a new multiple timing reference test case for UEs with the Rel-13 SLSS should be introduced. The parameters of the existing test case may be slightly adjusted to fit the Rel-13 SLSS capability instead of the Rel-12 SLSS while the actual requirements may be kept unchanged.
Proposal #1:
Introduce a modified multiple timing reference D2D Discovery test case to verify the Rel-13 SLSS functionality for the UEs with “R12 D2D-D + R13 SLSS” and “R12 D2D-D + R12 SLSS + R13 SLSS” capabilities.

D2D Communication capable UEs

For Rel-13 D2D Communication capable UEs the D2D Discovery and Rel-13SLSS support is mandatory. Hence, there are just two possible UE capabilities configurations: 1) R13 D2D-C (i.e. R12 D2D-D + R12 D2D-D + R13 SLSS) and 2) R13 D2D-C + R12 SLSS. Such UEs are expected to pass the legacy D2D Communication test cases and base D2D Discovery power imbalance and maximum SL processes test cases (11.3 and 11.5). For the Rel-13 D2D-C capable UEs it is suggested that a new D2D Discovery test case is introduced to verify the corresponding functionality. 

Proposal #2:
Introduce a new D2D Discovery test case to verify PSDCH demodulation performance in the OOC scenario.
Our views on the D2D Discovery test parameters are provided in Table 2.
Table 2. OOC D2D Discovery test case setup

	Parameter
	Unit
	OOC D2D Discovery test case

	Active cell(s)
	
	No

	Duplexing mode
	
	FDD

	Cyclic prefix
	
	Normal

	Active Sidelink UE(s)
	
	Sidelink UEs 1, 2
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	Sidelink 
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	Sidelink Transmissions
	
	SLSS/PSBCH

	
	slssid
	
	30

	
	Time offset 
	ms
	NA

	
	Frequency offset
	Hz
	NA

	
	Propagation channel
	
	EPA5

	
	Antenna configuration
	
	1x2 Low
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	dBm/15kHz
	-82
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	Sidelink Transmissions
	
	PSDCH

	
	RB allocation
	
	PRB pairs {2i..2i+1}, where I is chosen randomly uniformly from [0,11] in each discovery period.

	
	Time offset
	(s
	+1 wrt Sidelink UE 1

	
	Frequency offset
	Hz
	+200 wrt Sidelink UE 1

	
	Propagation Channel
	
	EPA5

	
	Antenna configuration
	
	1x2 Low

	Rx UE assumptions
	Timing reference
	
	SLSS (from Sidelink UE 1)

	
	Timing offset assumption (w.r.t. reference)
	
	[-CP/2 CP/2]

	
	Frequency reference
	
	SLSS (from Sidelink UE 1)

	Performance requirements
	
	Reuse requirements from the Rel-12 D2D Discovery Multiple timing reference test case (TS 36.101 11.4)


2.2 Inter Frequency and Inter PLMN D2D Discovery

Another D2D Discovery feature introduced in the LTE Rel-13 is the D2D Discovery support for the Inter Frequency and Inter PLMN scenarios (“D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell”). The functionality includes support of the Type 1 and Type 2 D2D discovery operation and also D2D discovery SLSS transmission/reception on other frequency than that of the primary cell. To support inter-frequency D2D Discovery dedicated Uu operation gaps were introduced. There are actually no changes in the demodulation procedures for the D2D receiver. In our view, the feature does not require introduction of new demodulation requirements and can be tested using the RRM requirements.

Proposal #3:
Do not define new UE demodulation test case to verify Inter Frequency and Inter PLMN D2D Discovery.

2.3 D2D multicarrier support

Finally, the multicarrier D2D support was enabled in the Rel-13 scope to ensure concurrent operation of D2D and WAN CA. The functionality has mainly RF impacts and no direct impact on the UE demodulation procedures. At the same time as mentioned in [2] it may be possible to define a PDSCH CA SDR test case to verify no impacts from the D2D Communication in case of multicarrier cellular operation. Similar to the existing SDR test case, no D2D Communication requirements should be introduced since the PSSCH performance under concurrent operation conditions may not be guaranteed.
Proposal #4:
Introduce additional SDR tests with active Sidelink to verify no impacts on the CA DL performance in case of D2D Communication.
3. Conclusions

In this contribution, we have provided our views on the eD2D UE demodulation requirements. In summary, we make the following proposals:

Proposal #1:
Introduce a modified multiple timing reference D2D Discovery test case to verify the Rel-13 SLSS functionality for the UEs with “R12 D2D-D + R13 SLSS” and “R12 D2D-D + R12 SLSS + R13 SLSS” capabilities.

Proposal #2:
Introduce a new D2D Discovery test case to verify PSDCH demodulation performance in the OOC scenario.
Proposal #3:
Do not define new UE demodulation test case to verify Inter Frequency and Inter PLMN D2D Discovery.

Proposal #4:
Introduce additional SDR tests with active Sidelink to verify no impacts on the CA DL performance in case of D2D Communication.
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