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MBMS architectural concept
1. Introduction

Following on from the Siemens contribution to GERAN #15 [3] regarding the SA2 concept for MBMS and the difficulties this may present for GERAN, this paper discusses in more detail how the SA2 guidelines influence the functionality that needs to be introduced in GERAN.
This paper reiterates the problems of implementing the SA2 concept in GERAN and provides the background to the proposal in the companion paper GP-031884.
2. Summary of SA2 architecture issue
Reminder: An “MBMS bearer” according to SA2’s specification spans the BM-SC to the (GE-)RAN.  From the (GE-)RAN to the MS is referred to as an “MBMS radio bearer” by RAN groups and has been proposed for the GERAN stage 2 [1].
The SA2 definition requires the MBMS data to be sent on a single bearer (either one Iu bearer and associated RAB in Iu mode or one PFC in A/Gb mode) between an SGSN and a BSC/RNC. This means the data distribution from one (receiver) to many (receivers) must be handled by the GERAN.
Quotes from [2]:

“The SGSN shall be able to establish Iu and Gn bearers shared by many users.”

“The UTRAN/GERAN shall be able to receive MBMS data from the core-network over Iu bearers shared by many UEs.”

This requirement has the following implications:

1) The BSC has to split up the bearer into multiple radio bearers (p-t-m or p-t-p) for each cell as required. 

2) The SGSN is not aware (unless the BSC informs the SGSN) of which MSs receive MBMS on a p-t-p channel and will page such an MS as though it were in packet idle mode.

3) A GPRS TBF can therefore not be used to carry MBMS data for a p-t-p channel, the LLC flow shall be shared between p-t-m and p-t-p bearers (which is also a result of point 1).

The first point leads to the second, which requires a GERAN-specific solution for the paging and also for the handling of the MS (states in SGSN and GERAN). 
2.1. Data distribution in GERAN (for p-t-m and p-t-p bearers)

As the LLC flow is shared between all bearers in all cells in the GERAN-BSC area, the GERAN has the following tasks:

· Replicate RLC buffers for each MBMS radio bearer in each cell within the service area.

· Synchronise transmission of each radio bearer within a cell and across cells.  This seems almost impossible to achieve unless all cells are broadcasting with the same bitrate and in the same RLC mode.  

· Perform buffer management functions, not only on a per RLC instance basis, but across all RLC instances for a particular bearer, bearing the synchronisation requirements in mind (e.g. if one cell’s transmission was delayed disproportionately, an SDU discard or other mechanism may be needed to recover and re-synchronise).

· Use an appropriate flow control procedure which accounts for the multicast nature of the flow.

Taking the synchronisation requirement further, and assuming a required SDU error rate range of 10-2 to 10-3, a suitable coding scheme for a p-t-m channel with RLC UM can be estimated. 

If RLC AM is used, the SDU error rate will be lower (which is not required, but is a natural consequence of the error correction functionality), but the disadvantage is that in order to accommodate all the retransmissions, the bandwidth must be dynamically increased/decreased when radio channel conditions fall below/rise above the standard used in the initial estimate.  This gives a traffic profile which is very different to the unacknowledged mode constant bit rate RLC used on p-t-m channels and so makes any synchronisation between these flows harder.
Strategies used to minimise dynamic reconfigurations of the p-t-p channel, including over-dimensioning the bandwidth initially or using dedicated resources for MBMS, would reduce the real gain of using RLC AM (over RLC UM) to almost zero.
2.2. Paging an MS with a p-t-p channel

Two options have been proposed for the paging issue:

1. The MS shall continue to monitor all paging occasions when receiving on a p-t-p channel as though it were in idle mode.

2. The GERAN shall perform paging co-ordination to send CN pagings to the MS on the MACCH (or similar) of a p-t-p channel.

The feasibility of these options has been partly discussed in previous TSG GERAN meetings with the following points being worthy of note:

“… In all scenarios where a paging channel is being monitored by the MBMS MS, (one of) these paging channel(s) shall be used to inform the MS of CS and PS [CN] pagings, where applicable… It is therefore recommended that idle mode support be introduced, in order for [this] paging channel solution to be employed [rather than sending pagings in-band on the MBMS channel].” [7]
“… most of the tasks performed in packet idle mode can still be carried out even when the mobile listens to an MBMS service… In order to maintain an MS in packet idle mode when receiving MBMS data, it may be necessary to restrict the locations of the PBCCH (if present), of the (P)CCCH and of the MBMS traffic channel… Further investigation is also required to study the case in which the MBMS service is sent on more than one timeslot.” [6]
The feasibility of option 2 is reliant upon agreement in the hotly debated topic of in-band signalling on MBMS channels (and in the associated uplink channels) has not been fully dealt with due to lack of time.
It would be fair to say that option 1 presents fewest problems to the GERAN, although there are some issues surrounding scheduling rules and MBMS data resilience, while option 2 introduces extra complexity in the GERAN. 
2.3. MS state (in SGSN and GERAN) of an MS with a p-t-p channel

As the SGSN has no knowledge of the p-t-m or p-t-p bearer being used, it shall treat any MS with only an MBMS service ongoing as being in packet idle mode, even if the state in the MS/GERAN corresponds to packet transfer mode (as has been suggested for p-t-p channels).  

It has to be discussed whether:

· the MM context in the SGSN is updated with information relating to the ongoing MBMS session (see GP-031886 on UE linking procedure) 
· or the SGSN is unaware of an MS’s MBMS activities 
2.3.1. Background info - MBMS information in SGSN

For each MBMS service, an MS which has joined this service stores a UE context in its MM context containing the MBMS service identifiers it used during the joining procedure.  These UE contexts are also stored in the SGSN and are linked to the MBMS bearer context also stored in the SGSN by means of the MBMS service identifier (currently assumed to be a TMGI rather than the longer APN + IP multicast address pair, see [4]).
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Figure 1: Diagram of the identities stored in the SGSN for an MBMS service
If an MS moves to a routing area where the service is not ongoing, the UE context is transferred from old to new SGSN within the MM context.  The SGSN is then able to derive the APN ID plus IP multicast address from the UE context, and send a service request to the GGSN.  This provides the service context to the SGSN and allows procedures to continue as normal.  
It is not clear to what extent the SGSN would store dynamic information on MBMS sessions over the radio interface, as the UE context’s lifetime is for the duration of the MBMS service activation.
2.3.2. Impact of MS state of “packet idle mode” during MBMS
If the SGSN is unaware of the type of channel used to transmit the MBMS data, and therefore treats the MS receiving MBMS as being in packet idle mode (paging as usual), then the following impacts are envisaged.
· MBMS on p-t-m bearer in “packet idle mode”

This is feasible, see [6].  RLC UM is used, the MS’s identity (TLLI) would probably not be sent to the GERAN (unless it was used in a counting procedure).
· MBMS on p-t-p bearer in “packet idle mode”

RLC UM would have to be used, the MS’s identity (TLLI) would have to be sent to the GERAN.
· MBMS on p-t-p bearer in modified “packet transfer mode”

i.e. MS not known in the SGSN, this would require the MS to rely on TLLI identifiers which may be local, random or foreign as sufficient evidence of the MS’s identity.  This is the problem scenario.
3. Conclusion

The two main factors this paper presents for consideration are:
1) As the splitting of the MBMS bearer (as defined by SA2) into data for p-t-p and p-t-m channels is done in the GERAN, a single Gb flow (LLC flow) and a common LLC mode (assume UM) must be shared between multiple bearers. This causes greater problems when RLC UM and RLC AM are both used and need to be synchronised and share flow control procedures etc.
2) The SGSN regards MSs receiving only MBMS data as being in packet idle mode.  
Especially if MSs do not have access to an associated signalling channel to send cell updates, the SGSN cannot track these MSs on a cell level.  This means that an MS with p-t-p only would be regarded as being in packet idle mode by the SGSN and must therefore be able to receive all pagings without interruption.  Standard “GPRS” procedures cannot be used, and a paging co-ordination and mobility management would have to be modified to cope with the discrepancy between the BSC and SGSN’s difference of opinion regarding the MSs state (idle/transfer).
Also, the difficulties of addressing the MBMS data flow from SGSN to BSC need to be addressed, in particular whether the TLLI or P-TMSI codespace can be sub-divided to cope with a TMGI definition or not, see [4].
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Figure 2: Definition of an MBMS bearer according to SA2, and GERAN bearers (Iu and A/Gb mode)
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Figure 3: C-plane and U-plane paths from SGSN to MS

5.1. Delivery of MBMS bearer to GERAN
The following diagram indicates how the MBMS bearer is established from the CN to the MS.  
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1. The GGSN receives the TMGI relating to the MBMS data with the data itself and passes this on to all interested SGSNs (who had requested an MBMS bearer context).

2. The SGSN looks at all MBMS UE contexts for all MSs for which it has an MM context to see which MSs are interested in this TMGI.  (For details of how this works, see GP-031886)

a. If the BSC does not have an MBMS UE context for the MS, then these MS identifiers (TLLI or P-TMSI) must be passed to the BSC with the MBMS data.  

b. Otherwise the SGSN passes the MBMS data to all interested BSCs (who had requested an MBMS bearer context) without checking any MS identifiers.

3. The BSC must now distribute this information to all MSs who had indicated an interest in this service.  The BSC will notify (mechanism is FFS) all users in the cell, and will set up p-t-m and/or p-t-p bearers as needed.  It is assumed that a separate RLC instance would be created for each bearer.  It is FFS how the BSC notifies MSs which have another TBF ongoing and then duplicates the data to those MSs on p-t-p channels.  

If users are known by the SGSN and the SGSN includes an indication of the MSs (by TLLI or similar) who are known to be in GPRS packet transfer mode with another TBF, then all the BSC has to do is notify the users in-band (on the PACCH) of the forthcoming MBMS transfer and then duplicate the data on a p-t-p channel.  Alternatively, for MBMS capable MSs, the list of TMGIs of services the user joined shall be signalled at PFC creation for a normal TBF so that future notifications can be sent to that MS.
5.2. Identities used over Gb

In order for a single “bearer” to carry data for more than one user, the identities used in the SGSN for a data flow need to be changed.  This affects the GMM, PFM, LLC and BSSGP.

5.2.1. GMM / PFM

A normal PFC can be used to carry the multicast data, but the MS identifier needs to be replaced by (or complemented with) an MBMS service identifier as PFI values are defined per MS.  The TLLI is assigned by GMM, it may be possible to reuse the TLLI codespace for a TMGI and add an extra flag to indicate that this is the case.  Otherwise, the unattractive alternative is to include APN + IP address with every LLC PDU but this would create a huge overhead. 

The GMM also has to ensure that the MBMS service identifier which is used in the UE linking procedure (if used) is included in the session start message.

PFM - The SGSN shall establish a single PFC to each BSC for the transfer of MBMS data for an MBMS service.  This PFC information is stored in a single BSS context at the BSC. It is FFS whether multiple MBMS data flows shall be put on different PFCs contained in one BSS context or whether multiple MBMS services could be transported on different PFCs within one BSS context.  The BSS context requires an identifier which will not erroneously point to a single MS (i.e. unique within TLLI codespace or new identity).

5.2.2. LLC / BSSGP

It is assumed that LLC UM is used.  The nature of MBMS (downlink only) is such that LLC acknowledgements cannot be provided.

LLC distinguishes between multiple flows using a data link connection identification DLCI = SAPI + TLLI.  The TLLI is assigned by GMM.

LLC requires from lower layers the transport of the MS address (TLLI) of each LLC PDU.  At the SGSN, this is BSSGP which is responsible for carrying the TLLI over the Gb.  If another identifier is to be used which is either of a different size, or which reuses the TLLI codespace, BSSGP must be modified to handle these changes. For example, the TLLI could be set to a reserved figure (for all MBMS services) and an additional information element added to data PDUs / signalling messages for the MBMS service ID. [4]
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