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Introduction
Based on the agreements in RAN1 #87 meeting [1], the following issues about synchronization were discussed and concluded by online and email discussion [87-18 and 87-19]: 
Agreement in RAN1#87:
[bookmark: OLE_LINK79][bookmark: OLE_LINK80]If the UE detects no eNB in a carrier which is (pre-)configured as the carrier which potentially includes eNBs used as sync reference, when the (pre)configuration information indicates that eNB timing has higher priority than GNSS, the following priority rules should be applied: 
· P1’: UE directly synchronized to eNB 
· P2’: UE indirectly synchronized to eNB (i.e., UE whose SyncRef is another UE directly synchronized to eNB) 
· P3’: GNSS 
· P4’: UE directly synchronized to GNSS 
· P5’: UE indirectly synchronized to GNSS (i.e., UE whose SyncRef is another UE directly synchronized to GNSS) 
· P4’ and P5’ are differentiated at least when two sync resources are (pre)configured. FFS whether P4’ and P5’ are differentiated when three sync resources are (pre)configured. 
· P6’: The remaining UEs have the lowest priority. 
Note that when the (pre)configuration information indicates that GNSS has higher priority than eNB timing, the following agreements are kept. 
· P1: GNSS 
· P2: the following UE has the same priority: 
· UE directly synchronized to GNSS 
· UE directly synchronized to eNB 
· P3: the following UE has the same priority: 
· UE indirectly synchronized to GNSS (if RAN1 decides to differentiate between direct and indirect synchronization to GNSS) 
· UE indirectly synchronized to eNB 
· P4: the remaining UEs have the lowest priority.

Agreement in RAN1#87:
· When two resources are included, the following behavior is used. 
· The same sync resource is used for UEs directly synchronized with GNSS. 
· UE directly synchronized to GNSS is not required to monitor PSBCH in the other resource if GNSS is at the highest priority. 
· [bookmark: OLE_LINK77][bookmark: OLE_LINK78]A UE that selecting SLSS ID = 0 with in-coverage indicator = 1 as its sync reference transmits SLSS = 0 with in-coverage indicator = 0. 
· In-coverage indicator is used to differentiate direct GNSS and in-direct GNSS 
· UE directly and indirectly synchronized to GNSS set in-coverage indicator to 1 and 0 respectively. 
· [bookmark: OLE_LINK32][bookmark: OLE_LINK33]SLSS ID 168 is used to differentiate 1 hop sync. or more hops for GNSS based synchronization 
· FFS SLSS ID selection of “standalone UE”. 
· Note: The sync resource for the in-coverage is one of the resource chosen from the out-of-coverage resources as D2D.
· When three resources are included, the following behavior is used. 
· For UE InC following eNB timing: 
· Resource 1: PSBCH and SLSSID from NW, InC bit = 1. 
· For UE InC following GNSS timing: 
· Resource 1: PSBCH from NW, SLSSID=0, InC bit = 1. 
· For UE OoC sync to UE InC: 
· Resource 2: PSBCH (except DFN) and SLSSID from Sync Ref, InC bit = 0. 
· For UE OoC sync to UE in partial coverage (i.e., with SLSSID from net and InC=0): 
· Resource 1: PSBCH (except DFN) from Sync Ref, SLSSID from Sync Ref + 168, InC bit = 0. 
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK31]For UE OoC sync to UE OoC, distinguish 2 cases: 
· If sync Ref UE is directly sync to GNSS (i.e., transmitting on resource 3). 
· Resource 2: PSBCH (except DFN) from Sync Ref, InC bit = 0. FFS SLSS ID.
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Other cases: 
· Use resource 1 or 2 (different from Sync Ref) with PBSCH (except DFN) and SLSSID from Sync Ref and InC bit = 0. 
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]For UE isolated without GNSS: 
· Resource 1 or 2, randomly: PSBCH from preconfiguration, InC bit = 0. FFS SLSSID selection 
· For UE OoC sync to GNSS. 
· Resource 3: PSBCH from preconfiguration, SLSSID = 0, InC bit = 0. 
· FFS behavior if UE reads PSBCH from another UE. 
· Note that Resource 1 is “InC resource” or “1st OoC resource”, and Resource 2 and 3 are “2nd OoC resource” and “3rd OoC resource” respectively. 

[bookmark: OLE_LINK63][bookmark: OLE_LINK64]In this contribution, the remaining issues about synchronization are discussed. 
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK25]Discussion
1. 
2. 
2.1. [bookmark: OLE_LINK7][bookmark: OLE_LINK8]Synchronization priority
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]According to RAN1 #87 agreements: 
	· P5’: UE indirectly synchronized to GNSS (i.e., UE whose SyncRef is another UE directly synchronized to GNSS) 
· P4’ and P5’ are differentiated at least when two sync resources are (pre)configured. FFS whether P4’ and P5’ are differentiated when three sync resources are (pre)configured. 


When the (pre)configuration information indicates that eNB timing has higher priority than GNSS, P4’ (UE directly synchronized to GNSS) and P5’ (UE indirectly synchronized to GNSS) are differentiated at least when two sync resources are (pre)configured. Because the synchronization accuracy is obviously different between P4’ and P5’, therefore, it is suggested that P4’ and P5’ should also be differentiated when three sync resources are (pre)configured. 
[bookmark: OLE_LINK92][bookmark: OLE_LINK93][bookmark: OLE_LINK97][bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 1: When three sync resources are (pre)configured, P4’ and P5’ should be differentiated.
2.2. Two synchronization resources
According to RAN1 #87 agreements, when two resources are included, SLSS ID selection of “standalone UE” is FFS.
Because SLSS ID 168 is used to differentiate 1 hop synchronization or more hops from GNSS based synchronization. SLSS ID 168 is not suitable for “standalone UE”. Therefore, standalone UE will randomly select one SLSSID from SLSS ID oon [169, 335].
[bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK96][bookmark: OLE_LINK5][bookmark: OLE_LINK112]Proposal 2: Standalone UE of two resources will randomly select one SLSSID from SLSS ID oon [169, 335].
2.3. Three synchronization resources
According to RAN1 #87 agreements:
	· [bookmark: OLE_LINK62][bookmark: OLE_LINK65]For UE OoC sync to UE OoC, distinguish 2 cases: 
· If sync Ref UE is directly sync to GNSS (i.e., transmitting on resource 3). 
· Resource 2: PSBCH (except DFN) from Sync Ref, InC bit = 0. FFS SLSS ID.
· Other cases: 
· Use resource 1 or 2 (different from Sync Ref) with PBSCH (except DFN) and SLSSID from Sync Ref and InC bit = 0. 
· For UE isolated without GNSS: 
· Resource 1 or 2, randomly: PSBCH from preconfiguration, InC bit = 0. FFS SLSSID selection 


[bookmark: OLE_LINK74][bookmark: OLE_LINK87]The example of configurations of synchronization resources, PSBCH, SLSS ID and InC bit for three resources is summarized as Table 1:
[bookmark: _Ref472598044]Table 1: Example of configurations of synchronization resources, PSBCH, SLSS ID and InC bit for three resources
	[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Resource 1
	[bookmark: OLE_LINK36][bookmark: OLE_LINK37]Resource 2
	Resource 3

	1) P1’: UE InC following eNB timing: PSBCH and SLSSID from NW, InC bit = 1;
2) [bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK45]P4’: UE InC following GNSS timing: PSBCH from NW, SLSSID=0, InC bit = 1;
3) [bookmark: OLE_LINK52][bookmark: OLE_LINK53]P6’: UE OoC sync to UE in partial coverage: PSBCH (except DFN) from Sync Ref, SLSSID from Sync Ref + 168, InC bit = 0;
4) [bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK50][bookmark: OLE_LINK51]P6’: UE OoC sync to UE OoC Other cases: different from Sync Ref: PBSCH (except DFN) and SLSSID from Sync Ref and InC bit = 0
5) [bookmark: OLE_LINK58][bookmark: OLE_LINK59]P6’: UE isolated without GNSS: PSBCH from preconfiguration, InC bit = 0, FFS SLSS ID;
	1) [bookmark: OLE_LINK46][bookmark: OLE_LINK47]P2’/P5’: UE OoC sync to UE InC: PSBCH (except DFN) and SLSSID from Sync Ref, InC bit = 0.
2) [bookmark: OLE_LINK106][bookmark: OLE_LINK107][bookmark: OLE_LINK48][bookmark: OLE_LINK49]P5’: UE OoC sync to UE OoC: sync Ref UE is directly sync to GNSS: PSBCH (except DFN) from Sync Ref, InC bit = 0. FFS SLSS ID;
3) [bookmark: OLE_LINK6][bookmark: OLE_LINK9][bookmark: OLE_LINK60][bookmark: OLE_LINK61]P6’: UE OoC sync to UE OoC Other cases: different from Sync Ref: PBSCH (except DFN) and SLSSID from Sync Ref and InC bit = 0
4) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]P6’: UE isolated without GNSS: PSBCH from preconfiguration, InC bit = 0, FFS SLSS ID;
	1) P4’: UE OoC sync to GNSS: PSBCH from preconfiguration, SLSSID = 0, InC bit = 0.



With the same principles of proposal 2, standalone UE of three resources will randomly select one SLSSID from SLSS ID oon [169, 335].
Proposal 3: Standalone UE of three resources will randomly select one SLSSID from SLSS ID oon [169, 335].
[bookmark: OLE_LINK10][bookmark: OLE_LINK13]Further considering of the SSID selection of P5’ UE which is indirectly synchronized to GNSS, if the SLSS ID of P5’ UE on resource 2 is set as 0, InC bit =0, and PSBCH from Sync Ref UE. Since P6’ OoC UE in other cases will configure InC bit=0, and PBSCH (except DFN) and SLSSID from Sync Ref. Then there may cause some ambiguous between P5’ and P6’, for example, a P6’ UE on resource 2 is synchronized with another P6’ UE on resource 1 which is synchronized with a P5’ UE on resource 2. We can also observed that any other SSID value for P5’UE is in same situation as SSID=0.   
[bookmark: OLE_LINK113][bookmark: OLE_LINK114]Observation 1: No matter which value is set for P5’ OoC UE SLSS ID, it will also lead to ambiguity between P5’ and P6’ on Resource 2 with current agreements.
In order to solve the ambiguity between P5’ and P6’ on Resource 2, the agreements of email discussion after RAN1 #87 has to be checked. It can find that this ambiguous issue is mainly due to the fact that P6’ UE will reuse the SSID of P5’ UE. Therefore, we think this agreement shall be revoked and modified as following:
· For UE OoC sync to UE OoC, distinguish 2 cases: 
· If sync Ref UE is directly sync to GNSS (i.e., transmitting on resource 3). 
· Resource 2: PSBCH (except DFN) from Sync Ref, InC bit = 0. SLSS ID=0.
· Other cases: 
· Use resource 1 or 2 (different from Sync Ref) with PBSCH (except DFN) from Sync Ref: 
· If the SLSS ID of Sync Ref UE is 0, SLSSID = 168 and InC bit = 0;
· Else, SLSSID is from Sync Ref and InC bit = 0; 
[bookmark: OLE_LINK117][bookmark: OLE_LINK118]Proposal 4: For UE OoC sync to UE OoC in other case, the agreements should be revoked.
Proposal 5: 
For UE OoC sync to UE OoC, distinguish 2 cases:
· If sync Ref UE is directly sync to GNSS (i.e., transmitting on resource 3). 
· Resource 2: PSBCH (except DFN) from Sync Ref, InC bit = 0. SLSS ID=0.
· Other cases: 
· Use resource 1 or 2 (different from Sync Ref) with PBSCH (except DFN) from Sync Ref: 
· If the SLSS ID of Sync Ref UE is 0, SLSSID = 168 and InC bit = 0;
· Else, SLSSID is from Sync Ref and InC bit = 0.
With the above modification, the ambiguity between P5’ and P6’ on Resource 2 can be solved. The example of configurations of synchronization resources, PSBCH, SLSS ID and InC bit for three resources is presented in Table 2. The red words are the revoked agreements with proper modification, and the blue words are the proposed modification of the FFS of current agreements.
[bookmark: _Ref472670459]Table 2: Example of configurations of synchronization resources, PSBCH, SLSS ID and InC bit for three resources
	Resource 1
	Resource 2
	Resource 3

	1) P1’: UE InC following eNB timing: PSBCH and SLSSID from NW, InC bit = 1;
2) P4’: UE InC following GNSS timing: PSBCH from NW, SLSSID=0, InC bit = 1;
3) P6’: UE OoC sync to UE in partial coverage: PSBCH (except DFN) from Sync Ref, SLSSID from Sync Ref + 168, InC bit = 0;
4) P6’: UE OoC sync to UE OoC Other cases: different from Sync Ref: PBSCH (except DFN) from Sync Ref:
0. If the SLSS ID of Sync Ref UE is 0, SLSSID = 168 and InC bit = 0;
0. else SLSSID is from Sync Ref and InC bit = 0;
5) [bookmark: OLE_LINK90][bookmark: OLE_LINK91]P6’: UE isolated without GNSS: PSBCH from preconfiguration, InC bit = 0, SLSS ID randomly selected in [169， 355];
	1) P2’/P5’: UE OoC sync to UE InC: PSBCH (except DFN) and SLSSID from Sync Ref, InC bit = 0.
2) P5’: sync Ref UE is directly sync to GNSS: PSBCH (except DFN) from Sync Ref, InC bit = 0. SLSS ID = 0;
3) [bookmark: OLE_LINK100][bookmark: OLE_LINK101]P6’: UE OoC sync to UE OoC Other cases: different from Sync Ref: PBSCH (except DFN) from Sync Ref:
0. If the SLSS ID of Sync Ref UE is 0, SLSSID = 168 and InC bit = 0;
0. else SLSSID is from Sync Ref and InC bit = 0;
4) P6’: UE isolated without GNSS: PSBCH from preconfiguration, InC bit = 0, SLSS ID randomly selected in [169， 355];
	1) P4’: UE OoC sync to GNSS: PSBCH from preconfiguration, SLSSID = 0, InC bit = 0.


[bookmark: OLE_LINK81][bookmark: OLE_LINK82][bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK83][bookmark: OLE_LINK84]When the OoC UE directly synchronized with GNSS occupies the resource 3, if the (pre)configuration information indicates that eNB timing has higher priority than GNSS, the OoC UE synchronize with GNSS directly should read PSBCH from resource 1 and resource 2 because the priority P1’/P2’ is higher than P3’/P4’/P5’/P6’. By listening from resource 1 and resource 2, the PSBCH content can be transferred from in coverage UEs to out of coverage UEs.
Proposal 6: OoC UE directly synchronized with GNSS should read PSBCH from another UE of resource 1 and resource 2.

1. 
2. 
1.1. 
Conclusion
In this contribution, the remaining issues of the synchronization were discussed. The following observation and proposals were made:
Observation 1: No matter which value is set for P5’ OoC UE SLSS ID, it will also lead to ambiguity between P5’ and P6’ on Resource 2 with current agreements.
Proposal 1: When three sync resources are (pre)configured, P4’ and P5’ should be differentiated.
Proposal 2: Standalone UE of two resources will randomly select one SLSSID from SLSS ID oon [169, 335].
Proposal 3: Standalone UE of three resources will randomly select one SLSSID from SLSS ID oon [169, 335].
Proposal 4: For UE OoC sync to UE OoC in other case, the agreements should be revoked.
Proposal 5: 
For UE OoC sync to UE OoC, distinguish 2 cases:
· If sync Ref UE is directly sync to GNSS (i.e., transmitting on resource 3). 
· Resource 2: PSBCH (except DFN) from Sync Ref, InC bit = 0. SLSS ID=0.
· Other cases: 
· Use resource 1 or 2 (different from Sync Ref) with PBSCH (except DFN) from Sync Ref: 
· If the SLSS ID of Sync Ref UE is 0, SLSSID = 168 and InC bit = 0;
· Else, SLSSID is from Sync Ref and InC bit = 0.
Proposal 6: OoC UE directly synchronized with GNSS should read PSBCH from another UE of resource 1 and resource 2.
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