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1. Introduction

In this contribution, we provide the discussion on RRM test cases for verifying the requirements of synchronization reference selection/reselection for V2X CA.
2. Discussion
2.1. Synchronization Procedure in V2X CA

In V2X CA, since there will be multiple carrier frequency to search for syncRef sources, a new procedure has been defined to select the synchronization frequency. Once the synchronization frequency is selected, the same procedure and requirement for syncRef selection/reselection will be applied to the selected synchronization frequency. The synchronization frequency selection procedure is only triggered again once the syncRef quality is completely lost, on the other words, the frequency selection procedure is not trigger to search for better or higher priority synRef source, the UE only search for better or higher quality syncRef source in the selected synchronisation frequency.

For reference, some excerpt from the corresponding clause in TS36.331 is listed herein:5.10.8.2


We can see that in the modified procedure for syncRef selection/reselection, conditions 1 and 3 cover the case where no synchronization carrier selected, either because the set of aggregated carriers (the frequency(ies) selected as specified in TS 36.321 [6]) does not overlap with the set of potential synchronization carriers (syncFreqList), or when no synchronization frequency has been selected. In this case, the UE performs a full search using R14 defined behavior independently on each potential synchronization frequency (i.e. the union of the set of aggregated carriers and syncFreqList if this union is not empty, or syncFreqList otherwise). The outcome of this will be the input for the synchronisation frequency selection procedure. The procedure for this case is as bellow

As we can see, for the in coverage case, when the UE is synced to either eNB or GNSS, the synchronisation carrier is chosen randomly. Only for the case when the UE detect syncRef UEs with SLSS id 0 (i.e., directly synced with GNSS) and GNSS is set as higher priority than eNB, then the UE choose the synchronisation carrier randomly among the carriers that those syncRef UEs are detected.

For the out of coverage case, the detected syncRef UE on all carriers are divided into different groups of priority similar to that of R14. Then UE choose the synchronisation carrier randomly among the carriers where the syncRef UE at the highest priority group are detected. 

Once a synchronization frequency is selected, the UE behaviors is dictated by conditions 2 and 4. In this case, the selected synchronization reference source on the selected synchronization frequency is used for all transmission on all aggregated carriers, and a full search on all each potential synchronization frequencies when the synchronization source is considered to be completely lost (i.e. consider no synchronisation carrier frequency is selected). On the other words, when a synchronization frequency is selected, a full search is only performed in the selected frequency for the purpose of synRef monitoring and reselection.

[image: image1]
Observation 1: A full search on all potential synchronization source is only triggered when no frequency carrier is selected, otherwise UE will only search for other syncRef in the selected frequency carriers. 
2.2. Performance Tests
In our view, the performance test should validate correct UE behaviour in two cases
1.  No synchronisation frequency selected: A full search is triggered on all potential synchronisation carriers. The synchronisation frequency is chosen accordingly with the best syncRef UE detected on that carrier become the common sync source for all aggregated carriers.
2.  A synchronisation frequency selected: A best syncRef UE must be presented in the selected carrier and serves as the common sync source for all aggregated carriers. A full or partial search is maintained in the selected frequency to monitor and reselect to a better syncRef UE.
The template test setting will be as follow: the test consist of 3 interval T1, T2 and T3:
At test init, a certain configuration A on the synchronisation carriers, synchronisation priority is sent to the UE.

During T1, no synchronisation frequency selected, a certain condition B1 is emulated to ensure a certain outcome C1 for the selected synchronisation carrier and syncRef UE.

During T2, a certain condition B2 is emulated on the selected synchronisation carrier to ensure a certain outcome C2 on the selected syncRef UE on the selected synchronisation carrier.

During T3, synchronisation lost B3 is emulated to trigger a full search again. Then B1 is emulated to ensure a outcome C1 for the selected synchronisation carrier and syncRef UE again.
All the combination of (A, B1, B2, B3, C1, C2, C3) should be chosen to maximize the test coverage for the CA syncRef selection/reselection procedure.
3. Test Setting

We describe in this section the list of all different configuration A and propose the corresponding (B1, B2, B3, C1, C2, C3) combination. 

	
	
	Group
	Number of possible outcomes
	Condition to trigger full search

	In coverage
	typeTxSync is gnss

or not configured
	1
	· Sync to GNSS

· Sync to eNB

· Sync to syncRef UE with 1 priority group of syncRef UE
	· Sync to GNSS and GNSS is lost

· Sync to eNB and eNB does not fulfill S criteria

· Sync to syncRef UE and S-RSRP is below threshold

	Out of covergae
	typeTxSync is gnss

or not configured
	2
	· Sync to GNSS

· Sync to syncRef UE with 3 priority group of syncRef UE 
	· Sync to GNSS and GNSS is lost

· Sync to syncRef UE and S-RSRP is below threshold

	
	typeTxSync is enb


	3
	· Sync to GNSS

· Sync to syncRef UE with 6 priority group of syncRef UE
	· Sync to GNSS and GNSS is lost

· Sync to syncRef UE and S-RSRP is below threshold


We can see that the number of combination here is very large. However, from RAN4 performance point of view, not all of these combinations shall be tests, since there are only 3 different types of requirements

1. Full search is performed on all potential synchronization carrier: the detection delay is 8 second * N, where N is the number of configured carrier plus the duration of 320ms * N allowed for S-RSRP evaluation, and the dropping rate (SLSS and Data) remains 6% as the single carrier case.  The dropping is applied to all carriers.
2. Full search is performed on the selected synchronization carrier: the detection delay is 8 second plus 320ms allowed for S-RSRP evaluation and the dropping rate remains 6% (SLSS and Data) as the single carrier case (6%).  The dropping is applied to all carriers.
3. Partial search is performed on the selected synchronization carrier: the detection delay is 1.6 second, where N is the number of configured carrier plus the duration of 320ms allowed for S-RSRP evaluation, and the dropping rate (SLSS only) remains 30% as the single carrier case.  The dropping is applied to all carriers.
To verify 2 and 3, the same setting as R14 test can be applied to the selected synchronisation carrier. 1 can be verify that by reducing the S-RSRP of the emulated syncRef UE to below the threshold. Based on the above analysis, we propose the following test setting
3.1. Setting 1

· GNSS configured as the highest priority
When GNSS is configured as the highest priority for UE, GNSS signal is not available during the whole test, which allows UE to select a SyncRef UE as synchronization reference. The test system could simulates one active cell (PCell) and two active SyncRef UEs (SyncRef UE1 and SyncRef UE2) on RF channel 2. SyncRef UE1 is synchronized to GNSS in-directly and SyncRef UE2 is synchronized to GNSS directly. PCell is operating on an E-UTRAN channel. SyncRef UE1 and SyncRef UE2 are operating on two V2X channels respectively. The parameter syncTxThreshIC is set as +infinity, and the selected synchronization source is checked via the SLSSID used by the UE under test for its SLSS transmissions. 

The test consists of three consecutive time periods, with time duration of T1, T2, T3, T4, etc.. 

· During T1, both SyncRef UE 1 and SyncRef UE 2 are powered off. The UE under test has been synchronized to PCell. 
· During T2, SynchRef UE1 becomes detectable on RF channel 2, SyncRef UE2 is still powered off, and the UE under test is synchronized to SynchRef UE1 on RF channel 2. In this duration, the requirement of type 1 is verified.
· During T3, SynchRef UE2 becomes detectable on RF channel 2. Since SyncRef UE2 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from SynchRef UE1 to SynchRef UE2. This will be reflected in the SLSS transmissions by the UE under test. In this duration, the requirement of type 3 is verified.
· During T4, SynchRef UE2 and syncRef UE1 reduce S-RSRP to below threshold plus hysteresis.
· During T2’, SynchRef UE1 becomes detectable on RF channel 3, SyncRef UE2 is still powered off, and the UE under test is synchronized to SynchRef UE1 on RF channel 3. In this duration, the requirement of type 1 is verified.
· During T3’, SynchRef UE2 becomes detectable on RF channel 3. Since SyncRef UE2 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from SynchRef UE1 to SynchRef UE2. This will be reflected in the SLSS transmissions by the UE under test.  In this duration, the requirement of type 3 is verified
The process keeps repeating.
3.2. Setting 2

· eNB configured as the highest priority
When eNB is configured as the highest priority for UE, the V2X UE will prioritize to select a UE directly/in-directly synchronized to eNB as the synchronization reference source even the V2X UE has selected GNSS as the synchronization reference source. 

In this case, the test system simulates SyncRef UE1 (synchronized to eNB in-directly) and SyncRef UE2 (synchronized to eNB directly), and GNSS signals that is switched on during the whole test. SyncRef UE1 and SyncRef UE2 are operating on two V2X channels respectively. The UE under test is expected to reselect to the higher priority synchronization sources as they become detectable. The parameter syncTxThreshOOC is set as +infinity, and the selected synchronization source is checked via the SLSSID used by the UE under test for its SLSS transmissions. The test consists of three consecutive time periods, with time duration of T1, T2, T3, T4, etc. respectively.

· During T1, both SyncRef UE 1 and SyncRef UE 2 are powered off, the UE under test has been synchronized to GNSS.
· During T2, SynchRef UE1 becomes detectable on RF channel 1, SyncRef UE2 is still powered off. Since SyncRef UE1 has a higher priority than GNSS, the UE under test is expected to change its reference synchronization from GNSS to SynchRef UE1. This will be reflected in the SLSS transmissions by the UE under test. In this duration, the requirement of type 1 is verified.
· During T3, SynchRef UE2 becomes detectable on RF channel 1. Since SyncRef UE2 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from SynchRef UE1 to SynchRef UE2. This will be reflected in the SLSS transmissions by the UE under test.  In this duration, the requirement of type 2 is verified.
· During T4, SynchRef UE2 and syncRef UE1 reduce S-RSRP to below threshold plus hysteresis.

· During T2’, SynchRef UE1 becomes detectable on RF channel 2, SyncRef UE2 is still powered off, and the UE under test is synchronized to SynchRef UE1 on RF channel 3. In this duration, the requirement of type 1 is verified.
· During T3’, SynchRef UE2 becomes detectable on RF channel 2. Since SyncRef UE2 has a higher priority than SyncRef UE1, the UE under test is expected to change its reference synchronization from SynchRef UE1 to SynchRef UE2. This will be reflected in the SLSS transmissions by the UE under test.  In this duration, the requirement of type 2 is verified
Proposal 1: The test setups in section 3 are suggested to be used in the RRM tests of synchronization reference selection/reselection of V2X CA.
4. Conclusions

Observation 1: A full search on all potential synchronization source is only triggered when no frequency carrier is selected, otherwise UE will only search for other syncRef in the selected frequency carriers. 

Proposal 1: The test setups in section 3 are suggested to be used in the RRM tests of synchronization reference selection/reselection of V2X CA.
The UE shall:


1>	if triggered by V2X sidelink communication, and in coverage on the frequency for V2X sidelink communication; or


1>	if triggered by V2X sidelink communication, and out of coverage on the frequency for V2X sidelink communication, and the frequency used to transmit V2X sidelink communication is included in v2x-InterFreqInfoList in RRCConnectionReconfiguration or in v2x-InterFreqInfoList within SystemInformationBlockType21 of the serving cell/ PCell:


2>	If syncFreqList is not included in RRCConnectionReconfiguration nor in SystemInformationBlockType21 nor in SystemInformationBlockType22; or


2> If syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22, and none of the frequency(ies) selected as specified in TS 36.321 [6] is included in the syncFreqList; or


2> If syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22, and no synchronisation carrier frequency is selected as specified in 5.10.X: (Condition 1)


3>	if typeTxSync is configured for the concerned frequency and set to enb:





select a cell as the synchronization reference source as defined in 5.10.13.3;


3>	else if typeTxSync for the concerned frequency is not configured or is set to gnss, and GNSS is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]:


4>	select GNSS as the synchronization reference source;


3>	else (i.e., there is no GNSS which is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]):


4>	search SLSSID=0 on the concerned frequency to detect candidate SLSS, in accordance with TS 36.133 [16];


4>	when evaluating the detected SLSS, apply layer 3 filtering as specified in 5.5.3.2 using the preconfigured filterCoefficient as defined in 9.3, before using the S-RSRP measurement results;


4>	if the S-RSRP of the SyncRef UE identified by the detected SLSS exceeds the minimum requirement defined in TS 36.133 [16]:


5>	select the SyncRef UE;


4>	else (i.e., no SLSSID=0 detected):


5>	select a cell as the synchronization reference source as defined in 5.10.13.3;


2> If syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22, and the UE has selected a synchronisation carrier frequency as specified in 5.10.X: (Condition 2)


3>	consider the synchornisation reference source (i.e. eNB, GNSS or SyncRef UE) that is selected on the synchronisation carrier frequency as the synchronization reference;


1>	else, if triggered by V2X sidelink communication, and out of coverage on the frequency for V2X sidelink communication, and for the frequency used for V2X sidelink communication, if syncPriority in SL-V2X-Preconfiguration is set to gnss and GNSS is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]:


2>	select GNSS as the synchronization reference source;


1>	else, for the frequency used for sidelink communication, V2X sidelink communication or sidelink discovery, if out of coverage on that frequency as defined in TS 36.304 [4, 11.4]:


2>	if triggered by sidelink communication or sidelink discovery; or


2>	if triggered by V2X sidelink communication, and syncFreqList is not included in SL-V2X-Preconfiguration; or


2> If triggered by V2X sidelink communication, and syncFreqList is included in SL-V2X-Preconfiguration, and none of the frequency(ies) selected as specified in TS 36.321 [6] is included in the syncFreqList; or


2> If triggered by V2X sidelink communication, and syncFreqList is included in SL-V2X-Preconfiguration, and no synchronisation carrier frequency is selected as specified in 5.10.X: (Condition 3)


3>	perform a full search (i.e. covering all subframes and all possible SLSSIDs) to detect candidate SLSS, in accordance with TS 36.133 [16]


3>	when evaluating the one or more detected SLSSIDs, apply layer 3 filtering as specified in 5.5.3.2 using the preconfigured filterCoefficient as defined in 9.3, before using the S-RSRP measurement results;


3>	if the UE has selected a SyncRef UE:


4>	if the S-RSRP of the strongest candidate SyncRef UE exceeds the minimum requirement TS 36.133 [16] by syncRefMinHyst and the strongest candidate SyncRef UE belongs to the same priority group as the current SyncRef UE and the S-RSRP of the strongest candidate SyncRef UE exceeds the S-RSRP of the current SyncRef UE by syncRefDiffHyst; or


4>	if the S-RSRP of the candidate SyncRef UE exceeds the minimum requirement TS 36.133 [16] by 








[In Coverage]


For the frequency(ies) which are in coverage for the UE as defined in TS 36.304 [4, 11.4] and which have been selected for V2X sidelink communication as specified in TS 36.321 [6], and/or for the frequency(ies) which are out of coverage for the UE and included in v2x-InterFreqInfoList within RRCConnectionReconfiguration or SystemInformationBlockType21 or SystemInformationBlockType22 of the serving cell/ PCell and which have been selected for V2X sidelink communication as specified in TS 36.321 [6], the UE capable of V2X sidelink communication and synchronisation carrier frequency selection shall: 


1>	If syncFreqList is included in RRCConnectionReconfiguration or in SystemInformationBlockType21 or in SystemInformationBlockType22, and includes at least one of the concerned frequency(ies):


2>	if no synchronisation carrier frequency is selected:


3>	If typeTxSync is configured for the concerned frequency(ies) and set to enb; or


3>	if typeTxSync for the concerned frequency(ies) is not configured or is set to gnss, and GNSS is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]:


4>	select one frequency from the concerned frequency(ies) which are included in syncFreqList as the synchronisation carrier frequency.


3>	else (i.e., there is no GNSS which is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]):


4>	select the synchronisation reference source(s) on the concerned frequency(ies) which are included in syncFreqList according to 5.10.8.2:


4>	if SyncRef UE(s) with SLSSID=0 is detected on at least one frequency from the concerned frequency(ies):


5>	select one frequency from the concerned frequency(ies) with the SyncRef UE(s) with SLSSID=0 detected as the synchronisation carrier frequency;





syncRefMinHyst and the candidate SyncRef UE belongs to a higher priority group than the current SyncRef UE; or


4>	if GNSS becomes reliable in accordance with TS 36.101 [42] and TS 36.133 [16], and GNSS belongs to a higher priority group than the current SyncRef UE; or


4>	if the S-RSRP of the current SyncRef UE is less than the minimum requirement defined in TS 36.133 [16]:


5>	consider no SyncRef UE to be selected;


<Text Omitted>


	UEs of which SLSSID is 169, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE, starting with the UE with the highest S-RSRP result (priority group 3);


6>	Other UEs, starting with the UE with the highest S-RSRP result (priority group 4);


2>	If triggered by V2X sidelink communication, and syncFreqList is included in SL-V2X-Preconfiguration, and the UE has selected a synchronisation carrier frequency as specified in 5.10.X; (Condition 4)


3>	consider the synchornization reference source (i.e. eNB, GNSS or SyncRef UE) that selected on the synchronisation carrier frequency as the synchronization reference;











[Out of Coverage]


For the frequency(ies) which are out of coverage for the UE and not included in v2x-InterFreqInfoList within RRCConnectionReconfiguration nor SystemInformationBlockType21 nor SystemInformationBlockType22 of the serving cell/ PCell and which have been selected for V2X sidelink carrier communication as specified in TS 36.321 [6], the UE capable of V2X sidelink communication and selection of synchronisation carrier frequency selection shall:


1>	If syncFreqList is included in SL-V2X-Preconfiguration, and at least one of the concerned frequency(ies) is included in syncFreqList:


2>	if no synchronisation carrier frequency is selected:


3>	if syncPriority in SL-V2X-Preconfiguration is set to gnss and GNSS is reliable in accordance with TS 36.101 [42] and TS 36.133 [16]:


4>	select one frequency from the concerned frequency(ies) which are included in syncFreqList as the synchronisation carrier frequency.


3>	else:


4>	select the synchronisation reference source(s) on the concerned frequency(ies) which are included in SyncFreqList according to 5.10.8.2;


4> select the frequency with the highest synchronisation reference source priority as the synchronisation carrier frequency, according to the following priority gourp order:


5>	if syncPriority corresponding to the concerned frequency(ies) in SL-V2X-Preconfiguration is set to enb:


6> the frequency(ies) with SyncRef UE of which SLSSID is part of the set defined for in coverage, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to TRUE (priority group 1);


6>	the frequency(ies) with SyncRef UE of which SLSSID is part of the set defined for in coverage, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) using GNSS as synchronisation reference source (priority group 3);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 0, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to TRUE, or of which SLSSID is 0 and SLSS is transmitted on subframes indicated by syncOffsetIndicator3 (priority group 4);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 0 and is not transmitted on subframes indicated by syncOffsetIndicator3, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 5);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 169, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 5);


6>	the frequency(ies) with other SyncRef UE (priority group 6);


5>	if syncPriority corresponding to the concerned frequency(ies) in SL-V2X-Preconfiguration is set to gnss:


6>	the frequency(ies) with SyncRef UE of which SLSSID is part of the set defined for in coverage, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to TRUE (priority group 1);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 0, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to TRUE, or of which SLSSID is 0 and SLSS is transmitted on subframes indicated by syncOffsetIndicator3 (priority group 1);


6>	the frequency(ies) with SyncRef UE of which SLSSID is part of the set defined for in coverage, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 0 and is not transmitted on subframes indicated by syncOffsetIndicator3, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 169, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) with other SyncRef UE (priority group 3);








[In Coverage (cont.)]


4>	else (i.e., no SLSSID=0 detected and UE selects a cell as the synchronisation reference source):


5>	select one frequency from the concerned frequencies which are included in syncFreqList as the synchronisation carrier frequency;








[Out of coverage (cont.)]


6>	the frequency(ies) with SyncRef UE of which SLSSID is 0, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to TRUE, or of which SLSSID is 0 and SLSS is transmitted on subframes indicated by syncOffsetIndicator3 (priority group 1);


6>	the frequency(ies) with SyncRef UE of which SLSSID is part of the set defined for in coverage, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 0 and is not transmitted on subframes indicated by syncOffsetIndicator3, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) with SyncRef UE of which SLSSID is 169, and inCoverage, included in the MasterInformationBlock-SL-V2X message received from this UE, is set to FALSE (priority group 2);


6>	the frequency(ies) with other SyncRef UE (priority group 3);








[in coverage]


<text omitted>


else (i.e. the synchronisation carrier frequency is selected):


3>	If the UE selects GNSS as the synchronisation reference source, and GNSS is unreliable in accordance with TS 36.101 [42] and TS 36.133 [16]; or


3>	If the UE selects a cell as the synchronisation reference source, and the cell cannot fulfil the S criterion in accordance with TS 36.304 [4]; or


3>	If the UE selects a SyncRef UE and the S-RSRP of the current SyncRef UE is less than the minimum requirement defined in TS 36.133 [16]; or


3>	If the synchronisation carrier frequency is not selected for V2X sidelink communication as specified in TS 36.321 [6]:


4>	consider no synchronisation carrier frequency is selected;


<text omitted>


[out of coverage]


2>	else (i.e. the synchronisation carrier frequency is selected):


3> If the UE selects GNSS as the synchronisation reference source, and GNSS is unreliable in accordance with TS 36.101 [42] and TS 36.133 [16]; or


3> If the UE selects a SyncRef UE and the S-RSRP of the current SyncRef UE is less than the minimum requirement defined in TS 36.133 [16]; or


3>	If the synchronisation carrier frequency is not selected for V2X sidelink communication as specified in TS 36.321 [6]:


4> consider no synchronisation carrier frequency is selected


<text omitted>
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