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Cell reselection for MBMS

1 Introduction

On several occasions, it has been commented that it might be beneficial to modify the cell reselection criteria for mobiles receiving MBMS. This contribution discusses this issue and presents a proposal for some modifications to the algorithms for both inter- and intra-RAT cell re-selection. Possible benefits of a modified cell resection algorithm include reducing the impact of the interruptions to the reception of the service and the provision of GERAN-only services. Methods for broadcasting the parameters for the modified cell reselection algorithm to MBMS mobiles are also discussed and a proposal presented.

2 Cell reselection for MBMS

In the case of a MS that is receiving MBMS, one of the requirements in Annex A of TS 43.246 [1] reads:

MS controlled “service based” cell selection/reselection shall not be permitted.

However, the present document discusses whether it may be possible, through some minor modifications to the cell reselection algorithms, to improve the reception of MBMS; in particular, the goal would be to minimise, for low mobility users, the possibility that an MS reselects to a new cell or to a different RAT during the reception of MBMS, particularly in the case of short MBMS sessions.

There are a number of reasons why restricting cell reselection (both intra- and inter-RAT) while receiving MBMS may be desirable: 

· As is well understood, it would be better for the MS to avoid reselecting to a neighbour cell if it can receive the service satisfactorily in the current cell due to the service interruption caused by cell reselection.

· For short sessions, performing cell reselection may lead to the complete loss of the session.

· For longer session, it is acceptable to allow cell reselection during most of the session. However, towards the end of the session it may be better to complete the reception of the session in the current cell rather than performing cell reselection and probably losing the last part (truncation) in the target cell
.

· Cell reselection to a cell in a different routing area will also result in longer interruptions.

· The cell in which the MS is receiving MBMS may be on the border of an MBMS Service Area, so the service is not provided in the target cell.

· Even if the target cell is part of the Service Area, there may be no MBMS bearer allocated in it.

· Cell reselection to UTRAN will introduce longer interruption times compared to intra-RAT reselection. Also the same service in the two systems may not be synchronised.

· if GSM coverage is provided across the whole service area then reselection to UTRAN may be unnecessary. However, since the session duration can be anything from a few seconds to several hours or even days, this may in fact prevent reselection for a long time, and would force the MS to remain in GSM even if it were more efficient for it to move to UTRAN.

· The service is a GERAN only service.

In previous meetings this concept has been referred to as “sticky cells” [3]. The concept is applicable for both intra-RAT and inter-RAT cell reselection.

The main advantage of making the cell sticky towards the end of the session for inter-RAT reselection is to avoid a mobile being kept “captive” in a cell when receiving a very long session. (E.g. if a session is a few hours long, the MS may be prevented to reselect from GERAN to UTRAN even if it may be more efficient for the system to keep users in idle mode in UTRAN). If there are no other cells available then the MS will be forced to select a cell so preventing reselection to other cells is undesirable as it may lead to the loss of the MBMS service altogether.

For intra-RAT cell reselection the case is slightly different. In general it is preferable for the MS to reselect to another cell as quickly as possible and re-establish reception once there. However, there are two reasons why it may be preferable to make the cells sticky towards the end of a session:

· Unnecessary signalling may be avoided. If the remainder of the session can be completed in the current cell there will be no need to re-establish the session in the target cell either via a p-t-m bearer or directly to the BM-SC. This is only possible towards the end of the session.

· If the target cell is using a different transmission mechanism to the current cell (e.g. the target cell is using feedback, whilst the current cell is not), then larger interruption may occur at cell reselection. A larger interruption is likely to be encountered towards the end of a session.

One the other hand it may be preferable to simply apply a threshold for whole duration of the session, as in the case for short sessions.

3 Cell Reselection algorithm for MBMS

Considering the various requirements (discussed in section 2) and to accommodate them as much as possible, one solution is that for a period of time before the end of the MBMS session (or indeed the complete session) the cell reselection parameters are modified to make cell reselection for users receiving MBMS less likely, thus delaying cell reselection until the session has finished. This approach allows the operator to handle the cases for both short and long sessions. To control this, it is proposed that two parameters are signalled, as depicted in Figure 1:

1) The absolute time over which the modified cell reselection parameters should be applied
.

2) An offset parameter (threshold) controlling the cell reselection criteria to be applied. This parameter can either be fixed or configurable by the operator.
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Figure 1: MBMS data transmission and modified cell reselection algorithm

As soon as the reception of MBMS terminates, the MS will resume normal cell reselection for (packet) idle mode, using the parameters broadcast in the System Information. 

As shown in Figure 1, at the end of a data transfer there will be an “idle period” from the last block in the data transmission until the reception of the MBMS SESSION STOP (see section 4.4.2.6 of TS 23.246 [4]). The duration of the “idle period” depends upon when the BM-SC decides to send the message. This will undoubtedly be (and should be) a configurable parameter, and will have to be taken into account when deciding upon the period in which cell reselection behaviour of the MSs will be modified
.

It is also important to note that the modified MBMS cell reselection algorithm should only apply to mobiles receiving MBMS on a p-t-m bearer. If it is necessary for the MS to retrieve the MBMS session directly from the BM-SC via a p-t-p bearer, then normal cell reselection would apply. It is also worth noting that in the case in which an MS is receiving multiple sessions and the cell reselection parameters are configured on a session-by-session basis, it will need to adhere to the service with the most stringent cell reselection requirements.

4 Open questions

If this modification is thought to be desirable the issues to decide upon are:

· Should the threshold be fixed or configurable?

· Should the time in which to apply the threshold be fixed or configurable?

· Should the MBMS cell reselection parameters be configured on a session-by-session basis or apply to all sessions?

· In case the parameters are configured on a session-by-session basis, how should a mobile receiving multiple sessions behave?

· One further consideration is to make the cells stickier if the target cell is in a different routing area, MBMS service area or to a cell which does not have a p-t-m bearer ongoing. This could be achieved by adding an additional threshold (which could be fixed) based on information provided to the MS.

In Siemens opinion, the threshold and the time over which to apply it should be configurable parameters in order to allow operators full flexibility in their MBMS network and service planning, which can cover many different deployment scenarios. The requirements for each session may be also very different, for example, an interruption to a video clip may be more critical than the interruption of weather report information which may be relatively short and can easily be retrieved in the next cell. Thus it is also desirable to be able to apply different reselection parameters to different sessions. In the case that the MS is receiving multiple sessions it is proposed that the MS obeys the most restrictive set of reselection parameters.

In order to keep things simple, the thresholds used in the modified algorithms in this paper are configured on a per-session basis. These modifications could be extended to allow a configurable or fixed threshold based on a per-session per-cell basis.

5 Further considerations

The proposed solution works well as long as the mobile is only receiving. If, for any reason, the MS wishes to transmit, before doing so it would be useful for the MS to reselect to the cell where it would be camping if the normal cell reselection algorithm for idle mode had been applied instead of the ones that apply during MBMS reception. Failure to do so may result in the MS not using the correct cell for access to the network, and may result in additional interference, which could have an adverse impact on the network capacity. There are three scenarios in which the MS may need to transmit:

1) The feedback channel is enabled.  Some additional interference may be tolerable in this case since the MSs are not transmitting continuously and a likely to be distributed over the cell area.

2) A mobile originated call is started. In this case there is probably sufficient time for the mobile to reselect to “correct” cell before accessing the network (it is estimated that this would introduce a delay of approximately 2 seconds).

3) The mobile is paged by the network (due to an incoming PS or CS call) and needs to transmit on the (P)RACH.

In the case the mobile is paged due to an incoming CS call, the call can either be established in the current cell and then handover performed, or alternatively the mobile can  respond to the paging in the current cell and rely on the network performing a directed retry.

In the case of an incoming PS call, there may not be sufficient time for the MS to reselect to another before responding to the paging message
. Furthermore, if the reselection requires the MS to move to another routing area, there may not actually be a paging message to respond to. In both cases it may be better to respond to the page in the current cell and then reselect to another cell (using the normal cell reselection algorithm) once the connection has bee established.

One possibly viable alternative to consider is that if the MS reselects to another cell before responding to the page, then the MS responds with a ROUTING_AREA_UPDATE_REQUEST, rather than sending a normal paging response message
.

6 Modifications to the intra-RAT cell reselection algorithms

If the PBCCH is present, section 10.1.2 of TS 45.008 describes the procedures and parameters that are used to evaluate the quality of each cell’s broadcast channels and to decide which cell should be selected. Cell reselection to other cells is controlled by the C32 criterion (calculated for each cell) such that the cell with the highest C32 values will be selected. 

For MBMS, the C32 criterion can be modified such that the serving cell is given priority over neighbouring cells. If we define MBMS_RESELECT_OFFSET as the offset to be applied during the last MBMS_RESELECT_TIME of a session, such that

C32(n) = C1(n) + GPRS_RESELECT_OFFSET(n) – TO(n) *(1-L(n)) – MBMS_RESELECT_OFFSET *   M(T_MBMS)

where M(x) =  1, for x ≤ MBMS_RESELECT_TIME

M(x) = 0 for all other values of  x.

For mobiles entering the cell after the session has started (and have missed the MBMS_ASSIGNMENT message) it will also be necessary to indicate the time left for the session.
The timer T_MBMS is initialised to the value MBMS_SESSION_TIME_LEFT and is started as soon as the MBMS_ASSIGNMENT message is received. It is decremented by 1 for each second of MBMS reception. The parameter MBMS_SESSION_TIME_LEFT will be equal to the session duration and also decremented for each second of MBMS session transmission.

Table 1 shows possible values that the new MBMS cell reselection parameters could take. For the MBMS_RESELECT_TIME, two values are reserved, one to switch off the MBMS cell reselection algorithm and one to apply the reselection algorithm to the entire duration of a session.

A minimum time for the parameter MBMS_RESELECT_TIME of 3 seconds is specified which assumes a minimum cell reselection time of 2 seconds and a minimum delay of 1 second between the end of the last data transfer and the session stop message.

	
	Values
	No. of bits
	Notes

	MBMS_RESELECT_OFFSET
	2dB, 4dB, 6dB, 8dB, 10dB, 12dB 15dB, 20dB
	3
	20dB would basically prevent cell reselection at all.

	MBMS_RESELECT_TIME

(seconds)
	5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31


	4
	The value of 0 is used to switch off the MBMS cell reselection.

A value of 15 means that MBMS_RESELECT_OFFSET applies to the whole session duration.

	MBMS_SESSION_TIME_LEFT

(seconds)
	0 to 65565 
	16
	Allows for a maximum session of 18 hrs


Table 1: MBMS cell reselection parameters

Note that if the session duration is shorter than the MBMS_RESELECT_TIME, then the reselection parameter (MBMS_RESELECT_OFFSET) would apply to the entire session. If the operator wants the MBMS cell reselection threshold to apply to the whole session, it will not be necessary to send the parameter MBMS_SESSION_TIME_LEFT.

For the case in which the PBCCH is not present, a simple modification is to add a threshold offset (MBMS_RESELECT_OFFSET) to the measured C2 value for the serving cell, which only applies towards the end of the session as defined by MBMS_RESELECT_TIME.

7 Reselection to cells of other RATs

For inter-RAT cell reselection a similar approach can be taken as in the previous section.

It is proposed to add the parameter XXX_MBMS_Qoffset, which as in the case of intra-RAT cell reselection, would be applied towards the end of the MBMS session as defined by the parameter XXX_MBMS_RESELECT_TIME. In this case a UTRAN cell shall be reselected if the following conditions are met:

RSCP > RLA_P(s) + XXX_MBMS_Qoffset * M(T_MBMS)

and


RSCP > RLA_P(n) + XXX_GPRS_Qoffset + XXX_MBMS_Qoffset * M(T_MBMS)

Where M(x) =  1, for x ≤ MBMS_RESELECT_TIME

M(x) = 0 for all other values of x.

The requirement for the Ec/No value to exceed FDD_Qmin-FDD_Qmin_Offset and the requirement for RSCP to exceed FDD_RSCP, before a UTRAN cell is selected can remain unchanged. As with the MBMS_RESELECT_OFFSET and MBMS_RESELECT_TIME the same values can be used for XXX_MBMS_Qoffset and XXX_MBMS_RESELECT_TIME. 

As in the case of intra-RAT cell reselection, once the reception of MBMS is terminated and the terminal reverts to idle mode, then normal cell reselection will resume.

8 Provision of the MBMS cell reselection parameters

The MBMS cell reselection parameters could either apply for all MBMS sessions or could be configured on a session-by-session basis. 

In the first case the parameters could be broadcast on the PBCCH, if present. If however the PBCCH is not present then the parameters will need to be sent on the PACCH, as stated in section 7.2 of the MBMS Stage 2 (43.246).

In this case the parameters could be sent either in the MBMS_NEIGHBOUR_CELL_INFORMATION message or in a separate message carrying both PSI3 and MBMS cell reselection parameters as defined in the message defined in [6]. If the parameters apply to all MBMS sessions then there is no need to identify each session separately. 

Note that only the parameters for sessions currently ongoing would be broadcast in the cell in which they are being transmitted. No information would be provided about sessions ongoing in neighbouring cells.

A further advantage of sending the information on the MBMS_NEIGHBOUR_CELL_INFORMATION is that, if this information is sent in the system information, the capacity of the broadcast control channel may be impacted, and this may not be desirable.

For mobiles in the cell in which the session is about to begin, it is proposed that the additional parameters could be sent in the MBMS_ASSIGNMENT message. For mobiles joining the session from neighbouring cells, it is suggested that the parameters can be sent together with the parameters for the Fast Reception Resumption procedure on the NEIGHBOUR_CELL_INFORMATION message or in a separate message altogether. In this case it is also necessary to identify the session to which the parameters will apply.

In either case it the following parameters will be required:

· Session identification (TMGI, Session Id)
 

· MBMS_SESSION_TIME_LEFT : 32 bits

· MBMS_RESELECT_OFFSET : 3 bits

· MBMS_RESELECT_TIME: 4 bits

· XXX_MBMS_Qoffset : 3: bits

· XXX_MBMS_RESELECT_TIME : 4 bits

Currently the length of the TMGI message is 3 octets for the reduced TMGI and 6 octets for the full TMGI. The size of the Session Id is still under discussion in SA4.

Finally the provision of the session duration (which would be used to calculate the MBMS_SESSION_TIME_LEFT value) also needs to be considered. According to the current specifications from SA2, the session duration may be sent in the Session Start or Session Start Request messages sent by the BM-SC (see sections 8.3 and 8.14 of TS 23.246). This would be information would then be received by the BSS in the MBMS_SESSION_START_REQUEST. The session duration will then need to be mapped ito the MBMS_SESSION_TIME_LEFT parameter sent to the MS in the MBMS_ASSIGNMENT message.

9 Conclusions

In this contribution, some changes to both the intra-RAT and inter-RAT cell reselection algorithms to be applied during the reception of MBMS are described. The objective is to minimise the possibility of cell reselection while the mobile is receiving MBMS towards the end of a session, thus avoiding the interruption that it causes. Siemens requests that this proposal is discussed and, if found acceptable, be captured in the Stage 2 and Stage 3 specifications. Change Requests to TS 43.246, TS 44.060 and TS 45.008 can be found in [7], [8] and [9], respectively.
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11 Annex – Background material

Section 8.3 of TS 23.246 [4] states that:

“The BM-SC initiates the MBMS Session Start procedure when it is ready to send data. This is a request to activate all necessary bearer resources in the network for the transfer of MBMS data and to notify interested UEs of the imminent start of the transmission.

Through this procedure, MBMS session attributes such as QoS, MBMS service Area (tracking/non-tracking area are FFS), estimated session duration if available are provided to the GGSN(s) and SGSN(s) that have previously registered for the corresponding MBMS bearer service and to all BSCs/RNCs that are connected to a registered SGSN. In addition the procedure allocates the bearer plane to all registered GGSNs and all registered SGSNs and to BSCs/RNCs that respond to the session start accordingly.”







� However, it is still worth noting that even the lost blocks can still be retrieved using session repair via GPRS p-t-p connection directly to the BM-SC.


� If the information is available, the duration of the session can be provided to the MS as described in the Annex. Therefore, with this requirement it is possible to base the cell reselection algorithm on the duration of the session.


� There is also the possibility of interruption in the data transfer during the session, which may or may not occur in the period in which the MBMS cell reselection thresholds apply. However, since the duration of idle periods during the MBMS session are notknown (nor is it possible to have any indication of their duration to the MS), the drawback due to not allowing cell reselection in these periods may be difficult to overcome.


� According to TS 24.008 � REF _Ref84661543 \r \h � \* MERGEFORMAT �[5]� (also see 48.008), when a paging request is sent from the SGSN the MS may respond before the timer T3313 expires, at which point a second paging attempt may be made. The value of the timer T3313 is network dependent.


�Section 4.7.9.1.1 of TS 24.008 states that :


At intersystem change, an MS not having the READY timer running in GSM or an MS in PMM-IDLE mode in UMTS, being paged in a different access network as when it last sent user data or signalling message, uses ROUTING AREA UPDATE REQUEST message as paging response, i.e. the RA update procedure shall be performed instead according to the selective routing area update procedure. 


� The minimum value of the MBMS reselect time is set to 5 seconds as this is the minimum period in which the target cells (intra- and inter-RAT) received power must exceed the current cells before a reselection is allowed as currently stated in 45.005.


� The session identification will only be required if the cell reselection parameters are defined on a session-by-session basis. Otherwise the cell reselection parameters would apply to all MBMS sessions.
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