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1. Introduction
In the last RAN2 meeting, how to provision neighboring cell information for MBMS has been discussed. 3 basic approaches have been proposed so far, explicitly or implicitly

1. Providing all the neighboring cell information including MBMS radio bearer/transport channel/physical channel information. Therefore UE can move to the neighboring cell without service interruption. On the other hand MCCH load would be heavy.[1]   

2. Providing no neighboring cell information. With this approach, users need to decode BCCH and MCCH of neighboring cell first before receiving MBMS service from the neighboring cell, consequently service interruption may happen, and MCCH load would be light. 

3. Providing only MCCH configuration information of neighboring cell. This is sort of compromising of above two. [2]

In this contribution, above 3 approaches are evaluated in terms of MCCH load, impact on UE upon MCCH modification and MTCH information access time. 

2. Reference environment

[image: image1]
Conventional hexagonal cell structure is assumed, so a cell has 6 neighboring cells.
 For simplicity, all cells are providing the same MBMS services, 2 streaming services (SVC 1, SVC 2) and 3 background services (SVC 3, SVC 4, SVC 5). 

In the following chapters, MCCH load, impact on UE upon MCCH modification and MTCH information access time are analyzed in cell A’s point of view. 
3. Analysis
3.1 All Neighboring Cell Information Approach

In this approach, all the information needed to setup a MTCH in the neighboring cells is provided in the serving cell. So UE can acquire the information when convenient and store it for the future use. 

It is the quickest way for UE to get MTCH information of neighboring cell while it has redundancy in a system viewpoint in a sense that same information is broadcasted over cells.

Additional MCCH load

The amount of control information is closely related to stage 3 works, so only rough calculation could be given at the moment. 

In the following analysis, MBMS radio bearer information is assumed to be given per service with RLC info and transport channel info and SCCPCH info. 

SVC 1 and SVC 2 are streaming type, so PDCP information is present. Also they dedicatedly use one SCCPCH, therefore TFCS is relatively small. 
An example of neighboring cell radio bearer information message for service 1 or service 2 is given below. 

	Information element/ Group name
	Need
	Value
	Size
	Comment

	Message Type
	MP
	
	5
	

	Service ID
	MP
	
	32
	TMGI is assumed to be 32 bit.

	Neighbouring cell RB info list
	
	maxNeighourCell
	4
	Up to 8 neighbouring cells. 

	>Cell ID
	MP
	
	5
	

	>PDCP info
	OP
	
	49
	Single algorithm (ROHC), single profile. 

It should be present for the streaming service.

	>RLC info
	MP
	
	5
	UM/ TM, segmentation

	>TFCS
	MP
	
	24
	Single FACH is mapped onto the SCCPCH. 4 bit CTFC * 6 TFCs

	>FACH list
	MP
	maxFACHPCH
	3
	Single FACH mapped to the SCCPCH

	>>TFS
	MP
	
	54
	(0x320, 1x320, 2x320, 4x320, 8x320, 16x320) @ 80 ms TTI

	>Secondary CCPCH info
	MP
	
	14
	14 up to 26 (secondary scrambling code & timing offset included)

	( Total message size
	
	
	966
	41 + Nnbc * (5 + 49 + 5+24 + 3+ 54 + 14)


Nnbc = Number of neighboring cells. 6 in the above example.  

SVC 3, 4 and 5 are background type, so PDCP information may not need to be present. Also they are multiplexed into a single SCCPCH, so TFCS information is larger than the previous case.  

	Information element/ Group name
	Need
	Value
	Size
	Comment

	Message Type
	MP
	
	5
	

	Service ID
	MP
	
	32
	TMGI is assumed.

	Neighbouring cell RB info list
	
	maxNeighourCell
	4
	Up to 8 neighbouring cells.

	>Cell ID
	MP
	
	5
	

	>PDCP info
	OP
	
	0
	PDCP assumed to be not used.

	>RLC info
	MP
	
	5
	UM/ TM, segmentation

	>TFCS
	MP
	
	36
	3 FACHs are mapped onto a SCCPCH. 4 bit CTFC * 9 TFCs

	>FACH list
	MP
	maxFACHPCH
	3
	

	>>TFS
	MP
	
	33
	(0x320, 1x320, 2x320) @ 80 ms TTI

	>Secondary CCPCH info
	MP
	
	14
	14 up to 26 

	( Total message size
	
	
	995
	41 + Nnbc * [3 + 5 + 36 + Nfach * 33 + 14]


Nfach = number of FACHs multiplexed on the same SCCPCH. 3 in the above example.
We have 5 neighboring cell radio bearer information messages, and the total size of the messages is 4917 bits.
The additional MCCH load caused by these messages is depending on how frequently messages are broadcasted. Several examples are shown below table.

	Frequency
	MCCH load
	Frequency
	MCCH load

	Once per second
	4917 bps
	Once per 5 seconds
	983.4 bps

	Once per 2 seconds
	2458.5 bps
	Once per 10 seconds
	491.7 bps


Impact of the neighboring cell information change
In case neighboring cell information is broadcasted, changes on the information should be known to interested party. This could be done by instructing UEs to read MCCH with an indication over MTCH or MICH. UE with the minimum capability will sacrifice MTCH data to read MCCH, so MCCH reading will lead to MTCH data loss. 

Since radio bearer information of a service and TFCS/TFS of other MBMS services multiplexed with the service are broadcasted, changes on any of them shall be informed to UEs receiving the service. 

Let’s check the situations which could cause UE to read MCCH for the modified neighboring cell information.

· If a radio bearer configuration of any of neighboring cells changes, UE has to check MCCH to get the modified information. 

· If multiplexing of the SCCPCH of any neighboring cells where the concerned service is being provided changes, UE has to check MCCH to get the new TFCS/TFS. This is because UE has to know TFSs (like rate matching parameter) of other transport channels to process a physical channel.

This would not be a negligible burden for UEs to read MCCH every time one of above events happens. For example UE receiving SVC 3 in Cell A will be interrupted whenever SVC 3/4/5 configurations of Cell B/C/D/E/F/G changes. 

Neighboring cell’s radio bearer information acquisition time
Let’s assume at some time T_start, UE starts to seek for MBMS RB information of a neighboring cell. This could be the moment when intra-frequency cell search criteria meets or serving cell’s MBMS quality is degraded below a certain threshold. 

Defining T_acquisition as the period of time from T_start to the moment when UE get the desired information, T_acquisition is zero in the approach because all neighboring cell’s radio bearer information are broadcasted in the serving cell. 

3.2 No Neighboring Cell Information Approach

In this approach, serving cell does not provide any neighboring cell information over MCCH. So UE needs to decode BCCH and MCCH of a target cell, before it establishes a link with the cell.  

Additional MCCH load

Since there is no neighboring cell information broadcasted over MCCH, additional MCCH load is zero in this approach.

Impact of the neighboring cell information change
UE does not need to be informed about the modified neighboring cell information, so there is no impact in this aspect.   

Neighboring cell’s radio bearer information acquisition time
Without neighboring cell information, UE has to access target cell to get the radio bearer information of the desired service. We can break down the acquisition process into 2 steps, namely BCCH acquisition step and MCCH acquisition step. 

· BCCH acquisition step: UE locates/reads MIB and then locates/reads SIB5 or SIB6, assuming MCCH configuration information is given in SIB5/6. 

· MCCH acquisition step: UE locates/reads SI and then locates/reads MBMS RB information. 

The actual values of T_acquisition is largely depends on the periodicity of relevant information. To have rough idea on how long it will be, let’s take the SIB default scheduling of 34.108 as an example.

MIB period is 80 msec, so in average you spend 40 msec to locate MIB in a new cell. MIB is 20 msec long, and you need reading time of that much. 

SIB5/6 period is 640 msec in the default scheduling of 34.108 [3], so you spend in average 320 msec to locate SIB5 or SIB6. SIB5/6 is 80 msec long in the default configuration, so you need reading time of that much. 

Therefore BCCH acquisition time is 460 msec in total. Please note that this could be too optimistic, because you probably have longer scheduling period in the real system. If we took 1.28 second as a scheduling period of SIB, then BCCH acquisition time increases to the 780 msec.

Guessing MCCH acquisition time in this stage is even more risky. Just as an wild guess, let’s assume SI period is 1 second and MBMS RB period is 2 seconds, and those 2 messages are fit into 1 transport block respectively i.e. reading time of the message is 20 msec. 

In MCCH acquisition, a UE is not required to read SI and MBMS RB sequentially, so only the longer one shall be considered. (You can save MBMS RB info if you get this information before SI) 

With the above assumption, total MCCH acquisition time is [1000 + 20 = 1020] msec. 

So T_acquisition would be 1800 msec. 

3.3 MCCH Configuration Information Approach

In this approach, serving cell provides neighboring cell’s MCCH configuration information over MCCH. So UE does not need to decode BCCH of target cell before it establishes a link with the cell.  

Additional MCCH load

Example of neighboring cell’s MCCH configuration information is present below. For simplicity, stand-alone MCCH is assumed.

	Information element/ Group name
	Need
	Value
	Size
	Comment

	Message Type
	MP
	
	5
	

	Neighbouring cell MCCH info list
	
	maxNeighourCell
	4
	Up to 8 neighbouring cells

	>Cell ID
	MP
	
	5
	

	>RLC info
	MP
	
	5
	UM/ TM, segmentation

	>TFCS
	MP
	
	2
	Only MCCH is mapped onto the SCCPCH. 1 bit CTFC * 2 TFCs

	>FACH list
	MP
	maxFACHPCH
	3
	

	>>TFS
	MP
	
	26
	(0x320, 1x320) @ 20 ms TTI

	>Secondary CCPCH info
	MP
	
	14
	14 up to 26 (secondary scrambling code & timing offset included)

	( Total message size
	
	
	339
	= 5 + 4 + Nnbc * [53 + 5 + 2 + 3 + 26 + 14] 


The additional MCCH load is depending on how frequently the information is broadcasted. Several examples are shown below table.

	Frequency
	MCCH load
	Frequency
	MCCH load

	Once per second
	339 bps
	Once per 5 seconds
	67.8 bps

	Once per 2 seconds
	169.5 bps
	Once per 10 seconds
	33.9 bps


Impact of the neighboring cell information change
When neighboring cell’s MCCH configuration changes, UE should be informed it. 

Unlike radio bearer information, MCCH configuration is far more stable, so there would not be much service interruption caused by MCCH configuration changes of neighboring cells. 

Neighboring cell’s radio bearer information acquisition time
T_acquisition is same with MCCH acquisition time, which would be in the range of couple of seconds. Anyway this approach always has the benefit of BCCH acquisition time comparing to ‘no neighboring cell information approach’.
4. Evaluation
Below table summarizes 3 approaches.

	
	Additional MCCH load
	Service Interruption due to MCCH update 
	Acquisition time for neighboring cell’s RB info

	All Neighboring Cell Info
	High (1kbps with 5 second period)
	High (RB configuration change of any of neighboring cells + multiplexing changes any of neighboring cells) 
	Zero

	No Neighboring Cell Info
	Zero
	None
	BCCH acquisition  +  MCCH acquisition (1800 msec)

	MCCH config. Info
	Low (0.06 kbps with 5 second period)
	Low (MCCH configuration change of any of neighboring cells)
	MCCH acquisition (1020 msec)


‘All Neighboring Cell Information’ approach has advantage to the other 2 approaches in acquisition time by approximately 2 seconds. In the normal pedestrian situation (3 km/hour velocity), it corresponds only 1.6 m, which will not affect signal strength very much.    

On the other hands, ‘All Neighboring Cell Information’ approach does have ill effect in UE’s service reception when MCCH is updated due to neighboring cell’s MCCH change, and the approach increases MCCH load of the serving cell. This could limit the scalability of the MBMS service which should be flexible enough to cope with various circumstances. 

As a conclusion it is proposed to consider the second or the third approach in neighboring cell information provisioning in MBMS. 
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Cell G


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3





Cell F


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3





Cell E


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3





Cell D


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3





Cell C


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3





Cell B


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3





Cell A


SVC 1 (64 kbps) on SCCPCH 1


SVC 2 (32 kbps) on SCCPCH 2


SVC 3, 4, 5 (8 kbps) on SCCPCH 3



























































� Inter-frequency is not considered for simplicity.





