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1. Introduction
In the last Ran4#80 meeting, a WF[1] was agreed for closing V2V RRM core requirement timely and CR based on the WF was approved. In the CR, V2V RRM core requirements were limited to V2V operation on dedicated V2V carrier with only GNSS timing reference.

In this paper, we discuss V2X requirements including scenarios not covered in V2V as well as covered scenario in V2V.

2. Discussion
At first, we need to summarize the scenario covered in V2V and the scenarios to be covered V2X.

· V2V

· Single Component Carrier(SCC)
· Operating Carrier
· Dedicated carrier (DC) (not LTE carrier)
· Timing reference

· Only GNSS timing reference

· V2X

· Single Component Carrier(SCC) 
· Multiple Component Carrier(MCC)
· # of MCC = 2

· PC5 + PC5
· PC5 + Uu
· Operating Carrier

· Dedicated  carrier(DC) (not LTE carrier)
· LTE carrier(LC)
· Timing reference

· GNSS timing reference

· eNB timing reference

· SyncRef UE timing reference

· For MCC, currently different timing reference per CC is not precluded in RAN1.

Figure1 and Figure2 show SCC and MCC cases  for V2X. For MCC, 2 UL RF capacities are only considered regarding current Rel-13 D2D RF specification.

[image: image1.emf]UE-A

UE-B

f1

eNB

UE-A

UE-B

f1

eNB

f1

f1_DL


(a) only PC5                                                       (b) Uu + PC5 (shared TxRF)

Figure 1.  SCC V2X scenarios
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(a) PC5 + PC5                                                       (b) Uu + PC5 
Figure 2.  MCC V2X scenarios

From figure 1 and figure 2, we can notify each V2X scenario as follows. 

· For only V2X operation on SCC,  V2X operates on dedicated carrier(DC) or LTE carrier( LC).

· For WAN + V2X operation on SCC, V2X operates on LTE carrier( LC).

· For only V2X operation on MCC, each V2X operates on DC+DC, DC+LC or  LC+LC.

· For WAN + V2X operation on MCC, V2X operates on DC or LC, and WAN operates on LC.

Here, in case of only V2X operation without configuration by eNB, GNSS and SyncRef UE can be applied as timing reference for PC5. And in case of WAN + V2X operation, GNSS, eNB and SyncRef UE can be applied as timing reference for PC5. Table 1 shows the timing reference on PC5.

Table 1.  Timing reference of V2X scenarios
	Operating 
                    Carrier

Timing
Reference on PC5
	SCC(f1)
	MCC(f1 + f2)

	
	PC5
(f1)
	Uu + PC5
(f1)+(f1)
	PC5 + PC5
(f1 + f2)
	Uu +PC5
(f1  +  f2)

	
	DC/LC
	LC
	DC + DC or
DC + LC or
LC + LC
	LC + DC or
LC + LC

	GNSS
	√1)
	√(IC & OoC)
	√
	√(IC & OoC)

	eNB
	
	√(IC)
	
	√(IC)

	SyncRef UE
	√
	√(OoC)
	√
	√(OoC)


Note 1 : Scenario covered in V2V which operates on dedicated carrier without configuration by eNB
In case of V2X operation on shared LTE carrier(LC), if eNB configures GNSS as timing reference on V2X when UE is in coverage of network, timing difference between eNB and GNSS can give interference to WAN. To avoid the problem, we can consider that network configures eNB as timing reference when timing difference between eNB and GNSS is higher than CP length and otherwise network configures GNSS as timing reference. However, it depends on RAN1 decision.

Anyway, we need to consider V2X RRM requirements based on the 3 timing references.
Table2 shows list of requirements to be considered for V2X operation. 
Table 2. List of requirements for V2X operation

	Operating                      Carrier

Requirement 
	V2X 
	Condition

	
	Only V2X(f1 or f1+f2)
w/o configuration by eNB
	WAN + V2X
(f1)  + ( f1) or
(f1)  + (f2)
	only V2X
         
	WAN + V2X
  

	Tx Timing
(timing reference)
	GNSS
	√
	√
	
	

	
	eNB
	NA
	√
	
	

	
	SyncRef UE
	√
	√
	
	

	Initiation of SLSS transmission(Based on)
	GNSS
	√
	√
	need RAN1 decision
- GNSS is reliable &
  G_RxPwr < thr_GNSS 
	need RAN1 decision 
IC : 
- GNSS > eNB &
  GNSS is reliable &
  G_RxPwr < thr_GNSS
OoC : 
- GNSS is reliable &
  G_RxPwr < thr_GNSS

	
	eNB
	NA
	√
	
	need RAN1 decision 
IC : 
- eNB > GNSS &
  RSRP < thr_IC 
OoC : NA

	
	SyncRef UE
	√
	√
	need RAN1 decision
-GNSS is unreliable & 
  S-RSRP < thr_OoC
	need RAN1 decision
IC : NA
OoC :
 - GNSS is unreliable & 
   S-RSRP < thr_OoC

	Cease of SLSS transmission(Based on)
	GNSS
	√
	√
	need RAN1 decision
- GNSS is reliable &
  G_RxPwr > thr_GNSS 
	need RAN1 decision 
IC : 
- GNSS > eNB &
  GNSS is reliable &
  G_RxPwr > thr_GNSS
OoC : 
- GNSS is reliable &
  G_RxPwr > thr_GNSS

	
	eNB
	NA
	√
	
	need RAN1 decision 
IC : 
- eNB > GNSS &
  RSRP > thr_IC 
- GNSS > eNB &
  GNSS is unreliable &
 RSRP > thr_IC
OoC : NA

	
	SyncRef UE
	√
	√
	need RAN1 decision
-GNSS is unreliable & 
  S-RSRP > thr_OoC
	need RAN1 decision
IC : NA
OoC :
 - GNSS is unreliable & 
   S-RSRP > thr_OoC

	Selection/Reselection of Sync.Reference
	GNSS
	√
	√
	GNSS is reliable
	need RAN1 decision 
IC : 
- GNSS > eNB &
  GNSS is reliable 
OoC : 
- GNSS is reliable 

	
	eNB
	NA
	√
	
	need RAN1 decision 
IC : 
 - eNB > GNSS or;
 - GNSS > eNB &
   GNSS is unreliable
OoC : NA

	
	SyncRef UE
	√
	√
	need RAN1 decision
- GNSS is unreliable    
	need RAN1 decision
IC : NA
OoC :
- GNSS is unreliable

	Interruption during configuration(to)
	WAN
	Not happen
	√
	No connected eNB
	Same as D2D


	Interruption during V2X communication.(to)
	WAN
	Not happen(DC) or
√ (LC)
	Not happen(f1+f1 or f1+f2(DC)) or
√ (f1+f2(LC))
	DC : No WAN
LC : like D2D
-No SIB21 broadcast & 
 V2X on non-serving  
 Cell
	f1+f1 : same as D2D
f1+f2(LC) : like D2D
-No SIB21 broadcast & 
 V2X on non-serving  
 Cell

	Cell identification
	OoC
	NA(DC) or 
√ (LC)
	√
	DC : Not Cell carrier
LC : Same as D2D
	Same as D2D

	Measurement
	Collision Avoidance
	√
	√
	Measurement accuracy
- PSSCH_RSRP &
   S-RSSI
	Measurement accuracy
- PSSCH_RSRP &
   S-RSSI

	
	Congestion Control
	√
	√
	need RAN1 decision
- measurement of CBR
	need RAN1 decision
- measurement of CBR


Behavior related synchronization and congestion control still need to wait RAN1 decision.  However, we think that RAN4 can discuss simulation works related synchronization and measurement for colliding avoidance and propose the related requirements as Table 3.

Proposal 1 : Ran4 study RRM requirements  of V2X in Table 3 as baseline .
Table 3.  Requirements for V2X

	
	RRM requirement
	Need RAN1 decision

	Tx Timing
(timing reference)
	GNSS
	Reuse V2V
	

	
	eNB
	Reuse D2D
	

	
	SyncRef UE
	Need to study
	

	Initiation/Cease of SLSS transmission(Based on)
	GNSS
	Need to study after  RAN1 decision  
	√(on condition)

	
	eNB
	Reuse D2D based on V2V agreement ( Enhancement of DRX RSRP measurement is de-prioritized)
	√(on condition)

	
	SyncRef UE
	Need to evaluate S-RSRP measurement
	√(on condition)

	Selection/Reselection of Sync.Reference
	GNSS
	Need to define reliability of GNSS and evaluation time
	√(on condition)

	
	eNB
	Need to define unreliability of GNSS and evaluation time when GNSS > eNB
	√(on condition)

	
	SyncRef UE
	Need to define unreliability of GNSS
Need to evaluate synchronization of SLSS
	√(on condition)

	Interruption during configuration(to)
	WAN
	Reuse D2D (when eNB configures V2X operation)
	

	Interruption during V2X communication.(to)
	WAN
	Reuse D2D(when eNB does not broadcast SIB21 and  V2X operates on non-serving  Cell)
	

	Cell identification
	OoC
	Need to evaluate Cell identification due to high speed
	

	Measurement
	Collision Avoidance
	Need to evaluate PSSCH_RSRP and S-RSSI measurement accuracy
	

	
	Congestion Control
	Need to evaluate the related measurement
	√


3. Conclusion

In this paper, we analysed V2X operation on SCC and MCC. Based on the scenarios of the V2X operation, requirements to be considered were listed. Based on the list of requirements and the agreement of V2V, we proposed as follows. 

Proposal 1 : Ran4 study RRM requirements  of V2X in Table 3 as baseline .

Table 3.  Requirements for V2X

	
	RRM requirement
	Need RAN1 decision

	Tx Timing
(timing reference)
	GNSS
	Reuse V2V
	

	
	eNB
	Reuse D2D
	

	
	SyncRef UE
	Need to study
	

	Initiation/Cease of SLSS transmission(Based on)
	GNSS
	Need to study after  RAN1 decision  
	√(on condition)

	
	eNB
	Reuse D2D based on V2V agreement ( Enhancement of DRX RSRP measurement is de-prioritized)
	√(on condition)

	
	SyncRef UE
	Need to evaluate S-RSRP measurement
	√(on condition)

	Selection/Reselection of Sync.Reference
	GNSS
	Need to define reliability of GNSS and evaluation time
	√(on condition)

	
	eNB
	Need to define unreliability of GNSS and evaluation time when GNSS > eNB
	√(on condition)

	
	SyncRef UE
	Need to define unreliability of GNSS
Need to evaluate synchronization of SLSS
	√(on condition)

	Interruption during configuration(to)
	WAN
	Reuse D2D (when eNB configures V2X operation)
	

	Interruption during V2X communication.(to)
	WAN
	Reuse D2D(when eNB does not broadcast SIB21 and  V2X operates on non-serving  Cell)
	

	Cell identification
	OoC
	Need to evaluate Cell identification due to high speed
	

	Measurement
	Collision Avoidance
	Need to evaluate PSSCH_RSRP and S-RSSI measurement accuracy
	

	
	Congestion Control
	Need to evaluate the related measurement
	√
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