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MBMS physical channel considerations

1. Introduction

This paper intends to highlight some GERAN specific issues regarding the GSM/GPRS physical radio interface and asks for WG1 experts’ analysis of the following topics.

2. Channel Combinations

In order to provide the MBMS multicast service, GERAN needs to provide a point-to-multipoint (p-t-m) channel.  This could be done using a legacy physical channel and modifying the definition of the logical channel(s) using the physical channel, or, due to the requirements, it may be optimal to define a new physical channel (combination).

In GERAN A/Gb mode the only currently available PS physical channel is a shared PDTCH, used for GPRS.

In GERAN Iu mode the choice of existing PS physical channels is between the legacy GPRS shared channel (=SBPSCH), or a dedicated channel (DBPSCH) dedicated to one user.

It is assumed that a shared channel will be used as it fits the concept of a p-t-m channel which is intended to provide data to multiple users (in a similar way to the broadcast channel).

Legacy channel combination available

· Downlink TBF: PDTCH (DL) + PACCH (DL/UL)

· Uplink TBF: PDTCH (UL) + PACCH (UL/DL)

If no uplink resources are required for MBMS (current working assumption), then it may not be necessary to provide a PACCH/U which is usually available once a DL TBF has been established.

Hence a new channel combination may be required:

· MBMS “TBF”: PDTCH (DL) + “PACCH or similar in-band signalling” (DL)

3. Single-slot MS problem

In order to allow MSs in idle mode to receive the MBMS data transmission, it is required that the MSs can also read ordinary paging messages (e.g. for a CS call) in the usual way.  This means that, at the very least, the MS needs to keep track of its paging group occurrences and attempt to receive these messages as often as possible.  Fortunately as a paging group occurrence will not be every frame, it is expected that an MS will be able to periodically leave the MBMS channel to perform paging reception.  It is assumed that the MBMS application layer coding will be robust enough for the service not to be significantly affected (as there is no requirement to guarantee or provide feedback on data reception in the MS).

This presents the single-slot MS in idle mode with a dilemma, as shown in Figure 1, a single-slot MS is not able to listen, for example, to either TS0 or TS2, where the PCH and PPCH paging channels are located, and TS4 for the MBMS data in a single frame.  
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Figure 1: Downlink timeslot problem for single-slot mobile

One solution may be to allow the MS to change its DL TS from one frame to another, thus allowing the MS to temporarily leave the MBMS channel to check for its paging group(s) on the (P)PCH, before returning to the MBMS channel if no paging were received.  This is easiest to do (and for the network to manage) if the MBMS channel is located on the same frequency as the common control channel.

MBMS GERAN considerations:

· If the MBMS channel is located on the same frequency as the (P)CCCH, the maximum number of timeslots can be used for MBMS data transmission to users in idle mode (i.e. all those needing to listen to their paging groups) as no frequency retuning is required.

· Another advantage of the BCCH frequency is that the required power is automatically available since the BCCH frequency has to be sent continuously with maximum power in the cell.

The alternative for a single-slot mobile (if the MS cannot change DL TS number dynamically) is that it may not be able to support MBMS in idle mode, only in transfer mode (where the paging can be sent in-band). 

NB: This is because the identity of the MS in idle mode is unknown, so the relevant paging cannot be sent in-band on the MBMS channel.

4. Use of uplink channels

Given that the MBMS description currently does not require any feedback from individual MSs about the receive status/quality of the MBMS transmission, the corresponding uplink timeslot is not envisaged as being used for MBMS.  This is shown in Figure 2. 
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Figure 2: Uplink and downlink timeslot uses on a single frequency

The alternative uses are discussed in Tdoc GP-030172 (Uplink channels in MBMS).

5. Power control

A point-to-multipoint channel has to be able to be received by all of the multicast subscribers, wherever they are in the cell.  The usual power control mechanism requires a feedback path from each MS to the network and so cannot be used for MBMS.

· To what extent (factor of 10?) is the interference of a p-t-m channel in GERAN different from in UTRAN?  

· Is there the need for similar simulations to assess the performance of p-t-m channels versus p-t-p channels?

· Can the power control mechanism be modified to enable some sort of power control using minimum (to zero) UL feedback?

· Is there any other way to minimise interference while ensuring that all MSs in a cell can receive the data sent on the MBMS channel?

6. Coding Scheme

For the p-t-m channel, it is not envisaged that any form of link adaptation would be able to be used (because of the lack of an uplink feedback channel and the broadcast/multicast nature of the channel).

It is therefore expected that CS-1 or similar will be most appropriate for this type of channel, but this needs to be studied in more detail.  In particular, if the MBMS service provides robustness in the form of redundancy and repeat transmissions at the application layer, then a coding scheme with a higher bit rate and reduced error protection may also be suitable.

7. Multiplexing of MBMS and non-MBMS services

In order for an MS to receive one (or more) MBMS services in parallel with other services, the MS needs to be allocated a set of timeslots that conforms to its multi-slot capabilities.  

7.1. Single-slot mobiles

For a single-slot mobile, in order for MBMS to be received in parallel with another service, a shared channel would have to be used for the MBMS data transmission, controlled by TFI allocation to identify flows (one TFI would indicate MBMS and would be received by all mobiles, other TFIs could be used for GPRS data in a p-t-p fashion).

7.2. Multi-slot mobiles

Regarding multi-slot mobiles, there are four main options:

· Establish a p-t-m MBMS channel spanning several timeslots and use the unused resources (across all timeslots?) for GPRS traffic (for non-MBMS services).
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Figure 3: MBMS plus p-t-p TBFs on same TS
· Establish shared channels on timeslots adjacent to the p-t-m MBMS channel, allowing more users to be supported in packet transfer mode.
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Figure 4: MBMS + shared PDTCH on separate TS
· Establish full rate or half rate CS channels for 2 (or 4) users on the timeslots adjacent to the MBMS p-t-m channel (see Figure 5).  This would support a number of users in “DTM-like” mode (i.e. CS + MBMS rather than CS + normal PS). If more than 4 users wished to receive MBMS in parallel with ongoing CS services, an additional MBMS channel would need to be established, around which 4 more users could be positioned.
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Figure 5: “DTM-like” configuration (showing 4 users with MBMS + HR CS in UL and DL)

· Establish p-t-p MBMS connections for users performing CS services in parallel, but this method does not gain anything in terms of radio resources, it could essentially be done with the existing DTM definition.
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Figure 6: MBMS p-t-p connections for dedicated users

7.3. Possible use scenarios

This table indicates the scenarios where these configurations may be useful.

	MS configuration
	p-t-m used for MBMS
	p-t-p used for MBMS

	Other shared channel in parallel
	Cheapest! Default, e.g. to download email in background.
	Where few users in cell and extra non-MBMS service cannot be squashed onto the dedicated channel for MBMS. (1)

	Other dedicated channel in parallel
	If MS wishes to make a call as well as continue to receive MBMS transmission
	Most expensive, only if cell lightly loaded. (No gain compared to existing mechanisms)


(1) When using p-t-p on a dedicated channel it is possible to multiplex MBMS and another service by reducing the redundancy in the channel coding for the MBMS service to squash the other service in to the bandwidth gained.

7.4. Consequences of simultaneous MBMS and non-MBMS service support

The requirement for the MS to receive MBMS in parallel with other services will probably have an impact on the RRM (L3) co-ordination and resource management functions (esp. timeslot allocation as shown above).  It is also to be investigated whether uplink scheduling (for the non-MBMS service) would be affected for an MS in packet transfer mode (or MAC-Shared state), as the uplink scheduling may restrict the opportunities for measurements in neighbour cells.

It is also FFS whether new MBMS multi-slot classes may be needed for the network to be able to handle MSs with differing multi-slot abilities.

8. Recommendation

It is hoped that GERAN WG1 can provide assistance to GERAN WG2 in analysing the impacts of the above MBMS topics on the GSM/GPRS radio interface. 

See also:

GP-030183
GERAN-specific MBMS issues
(Siemens), TSG GERAN #13, San Antonio, USA, 3rd – 7th February 2003
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