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1 Introduction
During last RAN plenary meeting (RAN#72), a new work item on LTE-based V2X Services was approved [1]. The objectives of this work are to specify enhancements to both Uu transport and PC5 transport in E-UTRAN to support LTE-based V2X (V2V, V2I/N, and V2P) based on the outcome of the related study.  
For DL broadcast, the following technical areas are agreed to be studied: 
To specify enhancements to both SC-PTM and MBSFN transmissions for support of V2X services including:
a) DL transmission in small areas based on geographical information, with necessary coordination with SA2 (note: Depending on the solutions, the specification(s) may or may not be impacted) [RAN3]
i.  Based on input from SA2/RAN3, determine whether any additional enhancement is necessary to reduce control plane latency and specify a solution (as identified in TR 36.885) if needed [RAN2] 
b) Shorter modification/repetition period(s) of MCCH and SC-MCCH, and shorter MCH scheduling period(s) [RAN2, RAN3] 
In this document, we briefly discuss the enhancements related to shorter modification/repetition period(s) of MCCH and shorter MCH scheduling period(s). 
2 Discussion
36.885 [2] gives latency analysis for different V2X scenarios, where scenario 2 supports V2X operation only based on Uu. This document discusses user plane and control plane latency for scenario 2 where MBMS is used for DL transmission. The UE is assumed to be in connected mode hence, there is no RRC setup delay. 
In the following section 2.1 discusses the overall user plane latency while section 2.2 discusses the overall control plane latency. The overall latency can be decomposed into selective combination of several latency components. The more detailed analysis of these latency components can be found in Annex G of [2]. 
2.1 MBMS user plane latency 
Table 1 below shows the MBMS user plane latency when dynamic scheduling is used in uplink. Table 2 shows the MBMS user plane latency where semi persistent scheduling (SPS) is used in uplink The MCH scheduling period is assumed to be 40 ms (4 frames), i.e. the shortest period that we could have since release 12 [3]. The SC-PTM scheduling period is assumed to be 10 ms (1 frame), which is the shortest scheduling period when DRX is configured for SC-PTM [3]. 
It can be seen that a shorter scheduling period directly translates into a reduced user plane latency. Compared to MBSFN, SC-PTM could reduce the user plane latency by 20%-40% even when DRX is configured, and the absolute latency is almost always less than 50 ms when SPS is used in UL, or when with 1 ms SR period and no BSR in case dynamic scheduling is used in UL. This makes it possible to meet the end to end latency requirement (100 ms) considering both user plane and control plane, with proper further optimizations of control plane. 
Observation 1 With 10 ms MBMS scheduling period the user plane latency could be made almost less than 50ms.
Proposal 1 Set the new MCH scheduling period values to {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024} frames. 
	User plane latency [ms]
	SR 1ms, with BSR
	SR 1ms, w/o BSR
	SR 10ms, with BSR
	SR 10ms, w/o BSR

	
	Mean 
	Max
	Mean 
	Max
	Mean 
	Max
	Mean 
	Max

	MBSFN
	67.8
	88.3
	59.8
	80.3
	72.3
	97.3
	64.3
	89.3

	SC-PTM
	52.8
	58.3
	44.8
	50.3
	57.3
	67.3
	49.3
	59.3


Table 1: MBMS data plane latency with dynamic UL scheduling 
	User plane latency [ms]
	SPS 10ms, SR 10 ms     
	SPS 40ms, SR 10 ms   

	
	Mean 
	Max
	Mean 
	Max

	MBSFN
	56
	81
	56
	81

	SC-PTM
	41
	51
	41
	51


Table 2: MBMS data plane latency with SPS UL scheduling 
2.2 MBMS control plane latency 
Table 3 below shows the MBMS control plane latency with release 13 settings [3], including both the MIB/SIB1/SIB13 reading/processing latency (the rows in orange, for acquiring MCCH configuration) and the MCCH acquisition latency. It is assumed that MBMS bearer(s) are pre-established to the appropriate eNB(s)/cell(s) so that MBMS session(s) are started directly in the appropriate eNB(s)/cell(s) and the latency due to MBMS session start up is mitigated [2]. The control plane latency shown in Table 3 is the latency due to mobility between different cells/MBSFN areas. MIB/SIB1/SIB13 can be acquired somehow by the UE while it is performing MBMS reception on serving cell, i.e. before performing handover or reselection to a target cell. The MIB/SIB1/SIB13 reading/processing latency could be mitigated with this early MIB/SIB1/SIB13 acquisition. It has been agreed in last RAN2 meeting that UE implementation can be used to reduce the SIB acquisition delay for idle mode [4]. 
	Control plane latency [ms] 
	Mean (max)
	comments

	MIB/SIB1 reading delay
	30
	The acquisition of target cell MIB and SIB1

	SIB13 reading delay
	40 (80)
	Assuming the scheduling periodicity of the SIB13 is 80ms.

	Acquisition of MCCH configuration from SIB13
	10 (10)
	Processing delay at the UE

	Delay due to MCCH scheduling period
	160 (320)
	For MCCH repetition period of 320ms 

	Acquisition of MCCH and MTCH configuration for TMGI
	10 (10)
	Processing delay at the UE

	Time required if acquisition of multiple MCCHs is required.
	50 (100)
	Maximum MCCH offset value is 100ms. It is assumed that multiple MCCH is read in parallel 

	Total time
	300 (550) or

220 (430) with early acquisition of MIB/SIB1/SIB13 

	The value shows the average time for getting MCCH information and related MTCH.


Table 3: MBMS control plane latency (MIB/SIB latency in orange) 
It can be seen that with release 13 settings the MBMS control plane latency is very high, even with early acquisition of MIB/SIB1/SIB13. Therefore it is a must to reduce the MCCH acquisition latency. 
Observation 2 It is beneficial to reduce MCCH acquisition latency. 
To reduce the MCCH acquisition latency, the control info carried on MCCH needs to be available more frequently over the air., a shorter MCCH repetition period will directly lead to a reduced MCCH acquisition latency as the control info carried on MCCH will be transmitted more often. 
Table 4 below shows the total MBMS control plane latency with 20 ms, 40 ms, and 80 ms MCCH repetition period. The maximum MCCH offset is decreased accordingly as it is meaningless to set the maximum MCCH offset larger than the MCCH repetition period. For comparison purpose the latency with the release 13 settings is also shown. The MIB/SIB1/SIB13 reading/processing latency is assumed to be mitigated with the early MIB/SIB1/SIB13 acquisition.
	Total control plane latency [ms] mean (max) 
	Latency due to MCCH repetition period [ms]
	Latency due to maximum MCCH offset [ms]

	30 (50) 
	10 (20)
	10 (20) 

	50 (90) 
	20 (40)
	20 (40)

	90 (170)
	40 (80)
	40 (80)

	220 (430) (release 13)
	160 (320) (release 13)
	50 (100) .(release 13) 


Table 4: total MBMS control plane latency with different MCCH repetition period 

To meet the end to end latency requirement (100 ms) considering both user plane and control plane, the control plane latency should not exceed 50 ms according to the discussions in section 2.1. This can be achieved with 20 ms (i.e. 2 frames) MCCH repetition period and 20 ms maximum MCCH offset, with which the end to end latency could be made almost less than 100 ms. 
Observation 3 The end to end latency can be significantly reduced with 20 ms (2 frames) MCCH repetition period and 20 ms maximum MCCH offset. 
Proposal 2 Set the new MCCH repetition period values to {2, 4, 8, 16, 32, 64, 128, 256} frames. 
On the other hand, with a shorter MCCH modification period, the control info carried on MCCH can be updated more often. This has not direct impact on the control plane latency due to mobility between cells/MBSFN areas. However, in some emergency use cases the V2X sessions might need to be initiated quite dynamically, in this case a short MCCH modification period is crucial to reduce the MBMS session start up latency. For pre-established MBMS sessions a long MCCH modification period can still be applied. Considering the shortest MCCH modification period for SC-PTM is already decreased to 20 ms [3], it is reasonable to decrease the shortest MCCH modification period for MBSFN to the same level so that they have comparable latency performance. 
Observation 4 A shorter MCCH modification period will help to reduce the MBMS control plane latency for dynamically initiated MBMS sessions. 
Proposal 3 Set the new MCCH modification period values to {2, 4, 8, 16, 32, 64, 128, 256, 512, 1024} frames. 
3 Conclusion

In section 2 we made the following observations:
Observation 1
With 10 ms MBMS scheduling period the user plane latency could be made almost less than 50ms.
Observation 2
It is beneficial to reduce MCCH acquisition latency.
Observation 3
The end to end latency can be significantly reduced with 20 ms (2 frames) MCCH repetition period and 20 ms maximum MCCH offset.
Observation 4
A shorter MCCH modification period will help to reduce the MBMS control plane latency for dynamically initiated MBMS sessions.


Based on the discussion in section 2 we propose the following:
Proposal 1
Set the new MCH scheduling period values to {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024} frames.
Proposal 2
Set the new MCCH repetition period values to {2, 4, 8, 16, 32, 64, 128, 256} frames.
Proposal 3
Set the new MCCH modification period values to {2, 4, 8, 16, 32, 64, 128, 256, 512, 1024} frames.
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