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Introduction
RAN2 agreed to study the following technical area for DL broadcast [1]:
· Improvement of MBMS/SC-PTM services on the basis of UE geographical location
· It is FFS whether there is a need for a specific AS mechanism or the application layer mechanism is sufficient .
· The need and solutions (if needed) to reduce MBSFN latency, primarily targeting control plane (but may be used for user plane)
In addition, RAN1 agreed the followings for DL broadcast [1]:

· Companies are encouraged to study the need of potential enhancements on multicast/broadcast listed below for Uu-based V2V:

· Optimization on set of cells performing the same multicast/broadcast

· Multicast/broadcast transmission based on PDSCH/PMCH

In this document, we briefly discuss the latency of MBMS control plane procedure and potential enhancement of DL broadcast. 
Control plane latency analysis
When RAN2 made discussion on evaluation of capacity analysis [2], we assumed the following DL scheduling assumption for MBSFN transmissions:

An example of this baseline DL scheduling for 7-site cell deployment is illustrated in Figure 1 (the hashed cells represent mirror image cells by the wrap-around structure). The seven cells in the same colour transmit the same set of messages which are received by the cell at the set of the same-coloured cells. So, the 7 cells coloured in green in the first subframe (i.e., cells #0, #1, #2, #10, #14, #13, #17) transmit the V2V messages received by cell #0. In order to transmit message received by the other cells, the set of cells transmitting the same messages changes in time in the next subframe. For example, in the second subframe, cells #2, #7, #6, #10, #0, #1, #3  transmit the message received by cell #2. This implies 7-fold increase in the effective load offered to DL transmissions, i.e., each cell needs to transmit the messages received by its own cell as well as the messages received in the six neighbouring cells. 
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Figure 1. An illustration of the baseline DL scheduling [2]
Considering MBMS transmission, a group of 7 cells is considered as a MBSFN area where several cells are synchronized for DL broadcast. In figure 1, the group of 7 cells moves across different MBSFN subframes. Thus, we could say that the MBSFN area is moving. 
However, E-UTRAN does not support such ‘moving’ MBSFN area so called dynamic MBSFN area. From standard perspective, DL scheduling in figure 1 can be realized by mapping different MBSFN areas which of each consists of 7 cells to different MBSFN subframes. Thus, one MBSFN transmission in the 1st subframe and another MBSFN transmission in the 2nd subframe correspond to different overlapped MBSFN areas, even though all the MBSFN areas will broadcast the same service.
Accordingly, if MBSFN is used to support V2V service, UE needs to monitor multiple MBSFN areas in parallel and process V2X messages from multiple MBSFN areas. Since UE is moving as a vehicle, UE will frequently encounter new MBSFN areas while driving on a road. But, every new MBSFN area serve the same service i.e. V2V.
Observation 1: For DL broadcast of V2X messages, UE should monitor multiple MBSFN areas in parallel and process V2X messages from multiple MBSFN areas.
During REL-12 study on GCSE, RAN2 analysed the latency of MBSFN control plane when UE moves between different MBSFN areas. Figure 2 [3] illustrates the UE mobility scenario where the UE moves out of MBSFN area #1, where it has been receiving the MBMS service, into MBSFN area #2. MBSFN area #2 might also be part of SAI1 or SAI2, both belonging to the same MBMS Service Area. After successful cell change, the UE reads MCCH2 where it would detect that the same MBMS service is provided or not in the target cell. 
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Figure 2: Mobility between non-overlapping intra-frequency MBSFN areas [3]

The control plane delay for mobility between MBSFN areas is estimated in Table 1. Note that the control plane delay in Table 1 does not include user plane delay which RAN2 previously discussed for V2X and captured in TR 36.885 [1]. Thus, the sum of the control plane delay and the user plane delay for DL MBSFN will be the service interruption time that occurs due to MBSFN area change. 
Table 1: Average and worst case (in brackets) of MBSFN control plane delay for mobility between MBSFN areas 

	
	Time (ms)
	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
	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 
	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 the reading of multiple MCCH is performed in parallel

	Total time
	300 (530)
	


From Table 1, we observed that the control plane delay of MBSFN area change cannot meet the latency requirement. The value of control plane delay is too far from the target in both average and worst case. Namely, whenever UE enters new MBSFN area(s) (e.g. every several seconds) which may be overlapped or non-overlapped with old MBSFN area(s), UE will fail to receive V2X messages within 300ms to 530ms (with additional user plane latency). Note that MBSFN will broadcast a number of V2X messages within 300ms to 530ms. Considering that the MBSFN area size will be small for V2V, this control plane latency problem needs to be seriously addressed.
Observation 2: Whenever UE enters new MBSFN area(s), UE will lose all V2X messages that eNB broadcasts within 300ms to 530ms (+ additional MBSFN user plane latency). Considering that MBSFN area size would be small for V2V, such message loss is not acceptable for V2V service. MBSFN control plane latency enhancement is needed to support V2V service.
During REL-13 study on SC-PTM, RAN2 analysed the latency of SC-PTM control plane when UE moves between SC-PTM cells in [4]. For the mobility from SC-PTM to SC-PTM, the UE needs to first acquire the SC-PTM configuration in the target cell, and then continue to receive the same service over SC-PTM in the target cell. The estimated service interruption time for the average and for the worst case is provided in Table 2. 
Table 2: Average and worst case (in brackets) service interruption time estimation for mobility from SC-PTM to SC-PTM

	Component
	Time (ms)
	Comments

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

	SC-PTM SIB reading delay
	40 (80)
	Assuming the scheduling periodicity of the SC-PTM SIB is 80ms.

	Acquisition of the SC-MCCH configuration for SC-MCCH reception
	10
	Processing delay at the UE

	Delay due to SC-MCCH repetition period
	40  (80)
	For SC-MCCH repetition period of 80ms. 

	Acquisition of SC-MCCH info, e.g. TMGI to Group-RNTI mapping
	10 
	Processing delay at the UE

	Total time
	130 (210)
	


Note that the UE may experience additional service interruption due to the possible data loss (up to one scheduling period) caused by the unsynchronized SC-PTM scheduling between source cell and target cell. 
From Table 2, we observed that the control plane delay of SC-PTM cell change cannot meet the latency requirement. The value of control plane delay is far from the target in both average and worst case. Whenever UE enters new SC-PTM cell e.g. every a few seconds in highway, UE will lose all V2X messages within 130ms to 210ms (+ additional SC-PTM user plane latency).
Observation 3: Whenever UE enters new SC-PTM cell, UE will lose all V2X messages that eNB broadcasts within 130ms to 210ms (+ additional SC-PTM user plane latency). Such message loss is not acceptable for V2V service. SC-PTM control plane latency enhancement is needed to support V2V service.
Potential enhancement of DL broadcast
When UE enters a new MBSFN area or a new SC-PTM cell, UE should read system information and MCCH/SC-MCCH before reading MTCH/SC-MTCH carrying messages for V2V service. Hence, MBSFN area change or SC-PTM cell change causes consecutive message loss. 

To reduce consecutive message loss in MBSFN area change and SC-PTM cell change, it was considered to introduce shorter values of the modification period and the repetition period for MCCH and SC-MCCH. The introduction of shorter values will reduce the number of messages lost in reception while UE enters a new MBSFN area or a new SC-PTM cell. 

However, the latency of reading system information and MCCH/SC-MCCH in MBSFN area change and SC-PTM cell change will nevertheless introduce consecutive message loss in downlink. It is because UE cannot receive MTCH/SC-MTCH and so won’t lose several V2X messages generated from several vehicles until reading system information and MCCH/SC-MCCH. 

Accordingly, to avoid consecutive message loss in MBSFN area change and SC-PTM cell change, it is suggested to introduce common scheduling information which is common to multiple SC-PTM cells and/or multiple MBSFN areas. Thus, upon MBSFN area change or SC-PTM cell change, UE can receive MTCH/SC-MTCH channel(s) specific to V2V service before reading SIB13/SIB15/SIB20 and MCCH/SC-MCCH.
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Figure 3: Message loss during MBSFN change
For SC-PTM, the same G-RNTI specific to V2V service (or V2X services) can be used across multiple SC-PTM cells. Thus, when UE enters a new SC-PTM cell, UE immediately monitors PDCCH addressed by the G-RNTI in order to receive SC-MTCH channel(s) specific to V2V service. 

For MBSFN, a G-RNTI can be also used at a cell supporting one or more MBSFN areas specific to V2V service (or V2X services). Thus, when UE enters a new MBSFN area, UE immediately monitors PDCCH addressed by the G-RNTI to receive a MAC Control Element e.g. MCH Scheduling Information for the particular MBSFN areas(s). The MAC Control Element is scheduled by the PDCCH and used to inform UEs about scheduling of MTCH channel(s) specific to V2V service.

Proposal 1: For SC-PTM, the same G-RNTI specific to V2V service (or V2X services) can be used across multiple SC-PTM cells. Thus, when UE enters a new SC-PTM cell, UE immediately monitors PDCCH addressed by the G-RNTI in order to receive SC-MTCH channel(s) specific to V2V service.
Proposal 2: For MBSFN, a G-RNTI can be also used at a cell supporting one or more MBSFN areas specific to V2V service (or V2X services). Thus, when UE enters a new MBSFN area, UE immediately monitors PDCCH addressed by the G-RNTI to receive a MAC Control Element e.g. MCH Scheduling Information for the particular MBSFN areas(s). The MAC Control Element is scheduled by the PDCCH and used to inform UEs about scheduling of MTCH channel(s) specific to V2V service.
Conclusion

In conclusion, we propose the followings:
Observation 1: For DL broadcast of V2X messages, UE should monitor multiple MBSFN areas in parallel and process V2X messages from multiple MBSFN areas.
Observation 2: Whenever UE enters new MBSFN area(s), UE will lose all V2X messages that eNB broadcasts within 300ms to 530ms (+ additional MBSFN user plane latency). Considering that MBSFN area size would be small for V2V, such message loss is not acceptable for V2V service. MBSFN control plane latency enhancement is needed to support V2V service.
Observation 3: Whenever UE enters new SC-PTM cell, UE will lose all V2X messages that eNB broadcasts within 130ms to 210ms (+ additional SC-PTM user plane latency). Such message loss is not acceptable for V2V service. SC-PTM control plane latency enhancement is needed to support V2V service.
Proposal 1: For SC-PTM, the same G-RNTI specific to V2V service (or V2X services) can be used across multiple SC-PTM cells. Thus, when UE enters a new SC-PTM cell, UE immediately monitors PDCCH addressed by the G-RNTI in order to receive SC-MTCH channel(s) specific to V2V service.
Proposal 2: For MBSFN, a G-RNTI can be also used at a cell supporting one or more MBSFN areas specific to V2V service (or V2X services). Thus, when UE enters a new MBSFN area, UE immediately monitors PDCCH addressed by the G-RNTI to receive a MAC Control Element e.g. MCH Scheduling Information for the particular MBSFN areas(s). The MAC Control Element is scheduled by the PDCCH and used to inform UEs about scheduling of MTCH channel(s) specific to V2V service.
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5.2
Uu interface

Editor notes: Including feasibility of Uu transport for V2V services.

5.2.x.x
Common scheduling information across SC-PTM cells and MBSFN areas
To avoid consecutive message loss in MBSFN area change and SC-PTM cell change, it is suggested to introduce common scheduling information which is common to multiple SC-PTM cells and/or multiple MBSFN areas. Thus, upon MBSFN area change or SC-PTM cell change, UE can receive MTCH/SC-MTCH channel(s) specific to V2V service before reading SIB13/SIB15/SIB20 and MCCH/SC-MCCH.

For SC-PTM, the same G-RNTI specific to V2V service (or V2X services) can be used across multiple SC-PTM cells. Thus, when UE enters a new SC-PTM cell, UE immediately monitors PDCCH addressed by the G-RNTI in order to receive SC-MTCH channel(s) specific to V2V service. 

For MBSFN, a G-RNTI can be also used at a cell supporting one or more MBSFN areas specific to V2V service (or V2X services). Thus, when UE enters a new MBSFN area, UE immediately monitors PDCCH addressed by the G-RNTI to receive a MAC Control Element e.g. MCH Scheduling Information for the particular MBSFN areas(s). The MAC Control Element is scheduled by the PDCCH and used to inform UEs about scheduling of MTCH channel(s) specific to V2V service.

8.2
Latency Analysis

8.2.1
Evaluation of overall latency

Table 8.2-1: Average and worst case of MBSFN control plane delay for mobility between MBSFN areas 

	Components
	Mean (ms)
	Max (ms)
	Comments

	MIB/SIB1 reading delay
	30
	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
	40
	80
	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.
	130
	210
	Maximum MCCH offset value is 100ms. It is assumed that the reading of multiple MCCH is performed in parallel

	Total time
	30
	530
	


Table 8.2-2: Average and worst case of MBSFN control plane delay for mobility between MBSFN areas 

	Components
	Mean (ms)
	Max (ms)
	Comments

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

	SC-PTM SIB reading delay
	40
	80
	Assuming the scheduling periodicity of the SC-PTM SIB is 80ms.

	Acquisition of the SC-MCCH configuration for SC-MCCH reception
	10
	10
	Processing delay at the UE

	Delay due to SC-MCCH repetition period
	160 
	320
	For SC-MCCH repetition period of 80ms. 

	Acquisition of SC-MCCH info, e.g. TMGI to Group-RNTI mapping
	10 
	10
	Processing delay at the UE

	Total time
	130
	210
	Comments


8.2.2
Observations
The following observations are made based on the results of the latency analysis in section 8.2.1 for the agreed evaluation scenarios:

· The latency requirements can be met for Scenario 1 (mode 1) when SR is set to 1ms or 10ms, the UE is in RRC CONNECTED and assuming mean value.

· The latency requirements can be met for Scenario 2 using Unicast, MBSFN or SC-PTM for connected mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· Short scheduling period (i.e. SR or SPS period - 1ms and 10ms) 

· For MBSFN the scheduling period set to 40ms

· The latency requirements can be met for Scenario 2 using SC-PTM for idle mode UEs assuming:

· 20ms backhaul delay and no delays related to mobility

· SR set to 1ms and 10ms 

· Scheduling period 10ms for mean and 1ms for max (see the definition of mean and max in B.2.1)
· Scenario 3 analysis is down-prioritized for V2V.  FFS for V2P. 

· Whenever UE enters new MBSFN area(s), UE will lose all V2X messages that eNB broadcasts within 300ms to 530ms (+ additional MBSFN user plane latency). Considering that MBSFN area size would be small for V2V, such message loss is not acceptable for V2V service. MBSFN control plane latency enhancement is needed to support V2V service.
· Observation 3: Whenever UE enters new SC-PTM cell, UE will lose all V2X messages that eNB broadcasts within 130ms to 210ms (+ additional SC-PTM user plane latency). Such message loss is not acceptable for V2V service. SC-PTM control plane latency enhancement is needed to support V2V service.
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