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1.
Introduction

At RAN4#74 meeting the core requirement work for Rel-12 ProSe were finalized and the final CR can be found in [1]. The objective of this contribution is to discuss the test cases which are needed to verify the agreed core requirements for ProSe. While the list of test cases is provided in a companion paper [2], this paper provides the rationale for the proposed test cases. 
2.
Summary of ProSe requirements
In this section we present our view on whether new tests need to be introduced to verify the different requirements that have been introduced for ProSe in [1]. Some of the requirements may be difficult to verify or may not require new tests while others may need new tests.  

The new ProSe requirements can be mapped RRC states which are RRC_ IDLE, RRC_CONNECTED and Any Cell Selection State which contains the requirements for out of network coverage scenario. The rationale for defining new tests is that ProSe is a new feature in Rel-12 and existing tests do not test the ProSe specific requirements. The consequence if ProSe specific requirements are not defined is that ProSe functionalities may not work properly.  

2.1
ProSe Test cases in RRC_IDLE state
Section 4.5 of [1] includes RRM requirements for ProSe in RRC_IDLE state. These requirements are of two types. The first type is related to requirements on allowed interruption for ProSe Direct Discovery and ProSe Direct Communication. The second type is related to requirements on initiation/cease of SLSS transmissions for ProSe Direct Discovery and ProSe Direct Communication. Similar requirements also exist for ProSe UEs in RRC_CONNECTED state. Considering the fact that UEs are always in DRX mode in RRC_IDLE state, it may not be necessary to define new tests in for UEs in RRC_IDLE state since they are very difficult to test. Our proposal is therefore to define new tests for UEs in RRC_CONNECTED state and Any Cell Selection state only. 
· Observation #1: There is no need to define tests for ProSe UEs in RRC_IDLE mode. 
2.2
ProSe timing related test cases

In this section we present our view on new test cases to verify the ProSe timing requirements which are defined in section 7.16 of [1]. These requirements apply for ProSe UEs in RRC_CONNECTED state. 
It is notable that the ProSe timing requirements are mainly reused from legacy LTE UE requirements with slight differences. Therefore the aim should be to reuse parts of existing UE transmit timing tests when possible. Basic test setup and test configurations are examples which can possibly be reused. We propose to define following new test cases to verify the requirements defined in 7.16.2.1.1:

· Proposal #1: RAN4 shall define UE transmit timing accuracy tests for ProSe Direct Discovery and ProSe Direct Communication capable UEs in FDD and TDD.  
The tests should verify the timing requirements for two possible cases defined in 7.16.2.1.1.1 and 7.16.2.1.1.2. The tests in the first case should verify the timing requirements when there is no timing advance command received from for the sidelink from the PCell, i.e. NTA,SL = 0. The second case of the test should verify the timing requirements when there is timing advance command for sidelink, i.e. the UE has received timing advance command from the PCell,  NTA,SL = NTA.
2.3
ProSe interruption related test cases
The second type of new requirements is related to interruptions on PCell due to ProSe. These requirements, defined in 7.16.3 of [1], are applicable only for ProSe UEs. One important requirement is that the ProSe shall not cause any interruption on PCell while the onDurationTimer is running. 
Interruptions are normally tested using HARQ feedback. In legacy interruptions tests, the UE is scheduled to receive downlink continuously and then the transmitted of ACK/NACKs are counted and compared to expected number of ACK/NACKs. If the comparison shows a mismatch, then is assumed that the transmission has been interrupted.  The interruptions for ProSe  is studied using an example as illustrated in Figure 1 below. 
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Figure 1: Illustration of DRX procedure of a UE in DRX mode. 
In Figure 1, the ProSe UE is assumed to be configured with DRX. The UE wakes up during the DRX ON duration, while onDurationTimer is running and reads PDCCH. If PDCCH data indicates a new transmission (either in UL or DL) intended for the ProSe UE in subframe n, then the UE will start the drx-InactivityTimer at subframe n+1. This means at subframe n+1 DRX is disabled for this particular UE. The objective of defining a new ProSe test is to verify that a ProSe UE when operating ProSe Direct Communication causes no interruption while in DRX ON duration. It is believed that this scenario is difficult to trigger to test. Whenever UE receives PDCCH in DRX ON and its data indicates downlink data for that UE, then this UE will always disable the DRX and enter non-DRX mode which makes is not possible to test data under ON-duration. It would be difficult to transmit downlink data while DRX ON is running and count the transmitted ACK/NACK in uplink. 
· Observation 2 #: It is difficult to verify that ProSe Direct Communication operation does not cause any interruption on the DRX-ON duration while the ProSe UE is in DRX.    
During the RRC configuration procedure the ProSe UE (both Discovery and Direct Communication capable UEs) are allowed an interruption of 1 ms in both uplink and downlink of PCell. A new test should be defined to verify that the interruption is no longer than 1 ms. 

The interruption during the configuration procedure, i.e. when using proseDiscConfig and proseCommConfig for performing the configuration procedure, can be tested by turning the receiver chain ON/OFF while UE is scheduled with continuous downlink reception on WAN. The transmitted ACK/NACK by the UE during this time can then be counted and compared. This methodology to test interruption is similar to existing tests in A.8.26.3 which is used to test PCell interruption due to CA.
In addition, the test should also verify that the interruption when switching reception between ProSe Direct Discovery and PCell is not longer than 1 ms. One way to verify this is by scheduling the UE under test with continuous DL reception and then triggering the UE to switch reception from WAN to ProSe. Since HARQ ACK/NACK feedback is expected 4 ms after the reception of data, one could compare the number of lost ACK/NACK during the time UE performs the switch. 
· Proposal #2: It is proposed to define new test to test the interruption requirements for ProSe Direct Discovery and ProSe Direct Communication capable UEs on WAN. These requirements are specified in 7.16.3.1, 7.16.3.2 and 7.16.3.3. 

The core requirements also allow the ProSe UE to use measurement gaps for ProSe operation provided that they are not used for WAN. Here we present one approach that can be used to test this requirement. The ProSe UE can be configured with an inter-frequency cell, cell2. This will require the UE to perform downlink inter-frequency cell measurement on that cell using measurement gaps and report the measurement within a specified time. This way of testing will make sure that the existing measurement procedure using the measurement gaps are not affected due to ProSe which was a concern when defining this requirement. 
· Proposal #3: Define a test to make sure that measurement procedure using measurement gaps are not affected due to ProSe operation.   
2.4
ProSe synchronization reference initiation/ceasing related test cases

The ProSe UE is required to perform RSRP measurement on PCell in order to evaluate to initiate/cease SLSS transmission. Different requirements apply depending on whether DRX is configured or not. These requirements are captured in section 8.10.2.1 for ProSe Direct Discovery capable UE and in section 8.10.2.2 for ProSe Direct Communication capable UE. These requirements can be tested by firstly performing RSRP measurement on the current PCell for the UE under test. Secondly, the UE could measure the time it takes for the UE to trigger the first SLSS transmission or to cease the last SLSS transmission. The requirement in this case includes time for both evaluation and then initiating/ceasing the SLSS transmission. The test configuration should include a parameter defining the threshold at which the UE shall initiate SLSS transmission and another parameter defining the threshold for ceasing the SLSS transmission.  These parameters are configurable by the network. 
The testing methodology used for RLM where the SNR level is changed over time for UE under test could be used also in this case. These requirements can be captured in following test cases:
· Proposal #4: RAN4 shall define new tests to verify the SLSS transmission requirements for ProSe Direct Discovery and ProSe Direct Communication capable UEs in non-DRX mode in FDD and TDD. 

· Proposal #5: RAN4 shall define new tests to verify the SLSS transmission requirements for ProSe Direct Disocvery and ProSe Direct Communication capable UEs in DRX mode in FDD and TDD. 

2.5
ProSe tests in Any Cell Selection state

ProSe Direct Communication operation in out of network coverage (ONC) is a new scenario compared to the in-coverage scenario operation. This has resulted in new requirements that are based on new type of signals and measurements. The new requirements can be found in 11.2. The new requirements can divided into following types:
· ProSe UE transmission timing requirements

· Initiation/cease of SLSS transmission requirements

· Measurement requirements

· ProSe synchronization reference selection/reselection requirements

· Measurement performance requirements

It can be noted that the abovementioned high-level requirements exist for in-coverage UEs. Thus it is reasonable to define new test cases based on existing in-coverage test when possible. 

2.5.1
ProSe UE transmission timing requirements

The ProSe UE timing requirements in any cell selection state is based on existing UE transmission timing requirements defined in 7.1. The ProSe UE transmission timing requirements in out of network coverage is similar to the ProSe UE timing requirements in in-coverage scenario with the only difference that timing advance (TA) is not supported in the case of ONC. Thus it is proposed to define transmit timing accuracy tests for ProSe Direct Communication capable UEs to verify the requirements in 11.2.2 as follows. 
· Proposal #6: RAN4 shall define new test to verify the transmit timing accuracy requirements for ProSe Direct Discovery and ProSe Direct Communication capable UEs in any cell selection state in FDD and TDD. 

2.5.2
ProSe synchronization related tests
In this section we present our view on how to test ProSe synchronization requirements. It is our view that a single test comprising of number of events that take place at different point in time could be used to verify a number of these requirements. The test could comprise following events which are mapped to different events in time in Table 1:

·  UE is not synchronized to any synchronization reference; T1
· UE detecting another synchronization reference UE (UE A) and synchronized to that sync ref (UE A); T2
· UE initiating transmission of SLSS ; T2
· A cell (cell 1) becomes detectable and UE detecting that cell, i.e. while performing ProSe on detected UE; T3
· UE performs reselection to the detected cell (cell 1); T3
· UE A becomes undetectable, T4 
· SLSS transmissions are ceased; T4
· A new cell (cell 2) becomes available and UE detects that cell, i.e. while not performing ProSe; T5
· UE reselects to cell B, i.e. RACH request is sent; T5
Table 1 Synchronization events in time

	
	Events in time

	
	T1
	T2
	T3
	T4
	T5

	Ref UE
	0
	1
	1
	0
	0

	Cell 1
	0
	0
	1
	0
	0

	Cell 2
	0
	0
	0
	0
	1


The requirements on ProSe UE initiate SLSSS transmission could be tested at T2. The testing starts at time T1, at this time UE is synchronized to its own clock. At time T2, the reference UE becomes detectable.  In this case, the UE should be able to identify that SyncRef UE within Tdetect,SyncRef UE  seconds at specified SCH Es/Io and drop/delay rate. However, the second side condition that a certain drop or delay rate should be maintained can be difficult to verify since there is no feedback channel and the UE is out of network coverage.  After the Sync Ref UE is detected, the UE should perform S-RSRP measurement on the selected cell and initiate transmission of SLSSS within Tevaluate,SLSS. This way the requirement on Sync Ref UE detection and initiation of SLSS transmission are verified. 
A ProSe UE in any cell selection state is required to search and detect any cell on the carrier preconfigured with ProSe resources according to requirements in 11.4.2.2 in [1] provided that the cell is detectable. This is in a sense similar to cell reselection test defined in A.4.2.1 and it may be possible to use similar test setup here.  The time delay for cell detection depends on whether there is an on-going ProSe transmission or not. This corresponds to the event that takes place at time T3 in Table 1. At T3, Cell 1is becomes detectable while the UE under test is performing ProSe operation to the Ref UE which was detected at T2. In this case, the UE under test should be able to detect Cell 1 within Tbasic_identify_OoC_ProSe Tx_ON. After detecting the cell, the UE should receive the system information from that cell within 1280 ms which is also used in existing similar requirements e.g. in A.4.2.1. Thereafter the UE should perform random access procedure. This can be verified by checking that RA request is received in the test simulator after Tbasic_identify_OoC_ProSe Tx_ON + 1280 ms. If RA was receieved by the test simulator, the detection and reselection are considered to be successful.  In this part of the procedure, the requirement on cell detection on the ProSe carrier and that the UE performs reselection to that cell is verified while the UE is performing ProSe operation.
At time T4, the Ref UE becomes undetectable which means that the SLSS transmission should be ceased within Tevaluate,SLSS. Also Cell 1 becomes undetectable meaning that the UE goes back to use its own clock as synchronization source. Here we test the requirement that the SLSS transmission shall be ceased within Tevaluate,SLSS. 
Finally at time T5, a new cell (Cell 2) becomes detectable. The status of UE under test is now that it is not performing any ProSe operation and it has no prior information related to cell 2. The UE should be able to detect Cell 2 within Tbasic_identify_OoC_ProSe Tx_OFF. The UE should thereafter receive system information from that cell (delay of 1280 ms) and perform random access procedure to that cell. At test simulator it is checked that a RA request was successfully received from the UE under test after Tbasic_identify_OoC_ProSe Tx_OFF + 1280 ms. This way we test that the UE is able to detect new cells on the ProSe carrier when it does not performing any ProSe operation and that UE is able to perform reselection according to the requirements in 11.4.2.2 in [1]. 
In brief, we can test the following requirements in proposed test: 

· Proposal #7: A test is proposed to verify ProSe requirements on detection of Sync Ref UE, initiation/ceasing of SLSS, cell detection according to the requirements in 11.3.2, 11.4.2.2, and 11.5.2.2 in [1] for ProSe Direct Communication capable UE in any cell selection state for FDD and TDD. 
2.5.4
Measurement accuracy tests

Since ProSe Communication UE is not required to report the measured S-RSRP measurement there is no need to define measurement accuracy tests. 

· Observation #3: There is no need to introduce tests to verify the S-RSRP accuracy requirements for ProSe Direct Communication UE in ONC as there is no measurement reporting requirement for S-RSRP measurements.  
2.5.5
Test configurations

In legacy system (i.e. without ProSe), OCNG is used to simulate cellular transmission by transmitting random data in the DL by virtual UEs. If no ProSe data is transmitted, the test may only contain synchronization signals and reference signals. Even if ProSe data is not transmitted in all RBs configured for ProSe, the test may contain synchronization signals, reference signals, data but also empty resource elements. 

Given that ProSe operation takes place on the uplink part of the spectrum, therefore a new type of noise generating pattern, which are analogous to OCNG pattern, which are currently used in DL, will be needed to make test cases more realistic. The contents of such noise generating pattern may resemble virtual ProSe data that transmit random ProSe data in ProSe configured resources, which are unused e.g. not used by synchronization signals or DMRS or any data.. 
The SC-FDMA is used in the uplink also for ProSe transmission. Therefore the noise generating pattern may comprise of random data on Physical Sidelink Shared Channel (PSSCH) comprising of one resource block per virtual ProSe UE. The number of virtual ProSe UEs depends on unused RBs in the allocated ProSe subframes used for ProSe transmission. 

Since SC-FDMA is used therefore such pattern can be called as SC-FDMA Channel Noise Generator (SCNG) i.e. SCNG patterns. 
RAN4 can define SCNG patterns for FDD and TDD and for BWs used in test cases.

In the tests the test system will have to generate both OCNG pattern in the downlink on WAN and SCNGpattern in UL carrier used for ProSe.

· Proposal #8: For the purpose of ProSe tests, it is proposed to define a new SC-FDMA Channel Noise Generator (SCNG) pattern to simulate ProSe transmissions on UL carrier used for ProSe operation. 
· Proposal #9: The existing OCNG patterns will also be used in the tests in DL (WAN) to verify ProSe requirements.

6
Conclusions
We have in this contribution discussed the need for new test cases to verify the new ProSe related core requirements introduced in [1] and proposed new tests which we find necessary. The main proposals and observations are:

· Proposal #1: RAN4 shall define UE transmit timing accuracy tests for ProSe Direct Discovery and ProSe Direct Communication capable UEs in FDD and TDD.  

· Proposal #2: It is proposed to define new test to test the interruption requirements for ProSe Direct Discovery and ProSe Direct Communication capable UEs on WAN. These requirements are specified in 7.16.3.1, 7.16.3.2 and 7.16.3.3. 

· Proposal #3: Define a test to make sure that measurement procedure using measurement gaps are not affected due to ProSe operation.   

· Proposal #4: RAN4 shall define new tests to verify the SLSS transmission requirements for ProSe Direct Discovery and ProSe Direct Communication capable UEs in non-DRX mode in FDD and TDD. 

· Proposal #5: RAN4 shall define new tests to verify the SLSS transmission requirements for ProSe Direct Disocvery and ProSe Direct Communication capable UEs in DRX mode in FDD and TDD. 

· Proposal #6: RAN4 shall define new test to verify the transmit timing accuracy requirements for ProSe Direct Discovery and ProSe Direct Communication capable UEs in any cell selection state in FDD and TDD. 

· Proposal #7: A test is proposed to verify ProSe requirements on detection of Sync Ref UE, initiation/ceasing of SLSS, cell detection according to the requirements in 11.3.2, 11.4.2.2, and 11.5.2.2 in [1] for ProSe Direct Communication capable UE in any cell selection state for FDD and TDD. 
· Proposal #8: For the purpose of ProSe tests, it is proposed to define a new SC-FDMA Channel Noise Generator (SCNG) pattern to simulate ProSe transmissions on UL carrier used for ProSe operation. 

· Proposal #9: The existing OCNG patterns will also be used in the tests in DL (WAN) to verify ProSe requirements.
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