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Channel Combinations for PS Conversational Services

1. Introduction

This paper is an update of the Channel Combinations for PS Conversational Services paper [4] presented in the TSG GERAN#15 meeting in Fort Lauderdale.  

The main differences between the GERAN#15 paper and this one are:

· The use of LAPDm over SACCH is proposed for measurement reports and orders for dedicated packet traffic channels (both FLO and non-FLO)

· The use of PACCH for carrying measurement reports and orders on shared channels carrying conversational services.  

This paper discusses some of the issues relating to the channel combinations to be supported for conversational services in the PS domain.  It aims to discuss the open issues, introduce some principles to aid in reducing the number of options and propose a way forward.  

The focus is on the dedicated packet channel required to support the necessary QoS for the PS conversational service, however the possibility of using a shared channel is also considered provided that the additional standardisation and implementation impact can be minimised.  

2. Discussion

It is currently clear that a dedicated packet channel is required in order to provide the best possible QoS characteristics for conversational services in the PS domain.  It also seems clear that the introduction of FLO can provide additional benefits to the conversational services by allowing optimisation of data formats to be transported on the radio interface and providing better interleaving schemes.  A further possible optimisation is the introduction of UEP.   However, it is not so clear as to the advantages of supporting conversational services on a shared channel.  

Shared channels offer the ability to provide variable amounts of extra bandwidth with the remainder of the channel being used for other mobiles (with or without conversational services).  However, it is not envisaged that any conversational service will require significantly less bandwidth than provided by a full rate channel.  It is therefore proposed that shared channels will primarily be used to carry supplementary conversational traffic as an overspill from a full rate PDTCH-like dedicated channel.  This overspill channel may also be used to carry GRR signalling when a PDTCH-like dedicated channel has been allocated.  

A dedicated channel (FLO centric or PDTCH-like) will primarily be used to support the transmission of user plane payload.  In this case the relevant channel on the dedicated resource can be used for measurement reports and orders and the shared channel can be much more closely aligned to the legacy shared channel.  However, for flexibility reasons it should be allowed to carry measurement reports/orders and GRR signalling on the shared channel rather than the dedicated channel if required.  

It is suggested that the following principles are applied to the decision on which channels to support for conversational services in the PS domain:

· The dedicated PS channel is the primary channel supported

· The shared channel should only be supported if the benefits are seen to outweigh the additional complexity.  

(This may mean that the shared channel should be as similar to the dedicated channel or as similar to the existing shared channel as possible).  

· Where sensible, concepts should be borrowed from Iu mode in order to speed-up the introduction of this feature.  

3. PDTCH-like Dedicated Channel

It is now an agreed working assumption that a separate GRR entity is required in order to manage the resource for conversational services and other services that in the future will require PS Handover.  

GRR is seen as an entity that sits above RLC/MAC and controls the resources on the dedicated channel.  It is seen as co-operating with RR, so that all radio resource management functions are addressed as shown in Figure 1.  A PDTCH-like channel may use SACCH to support the transmission of measurement related information.  It is argued in this paper that the use of LAPDm and SACCH should be the preferred mechanism for supporting measurement reports and orders.  
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Figure 1
Protocol Architecture for Dedicated PS Channel

The proposed characteristics of the PDTCH-like dedicated channel are outlined in the following sections.  

3.1. Basic Channel

For reasons outlined in [1] a TCH-like or CSD-like channel is discounted for use in the PS domain.  The minimum overhead in terms of standardisation and implementation is seen when adapting existing PDTCH-like channels.  A 26 multiframe as used in the DBPSCH concept for Iu mode should be adopted for this channel.  

It is therefore proposed that the dedicated physical channel is based on the PDTCH but with modifications to enable the correct control and signalling information to be handled as outlined below.  For instance the introduction of SACCH on slots occupied by the PTCCH channel.  However, it is still open as to whether the RLC/MAC control channel (i.e. PACCH) or the GRR signalling channel associated with a PDTCH-like dedicated channel can be used as an alternative to SACCH.  

As conversational services are in general bi-directional in nature, there may be some optimisations in terms of combining uplink and downlink TBF establishment procedures.  It is currently assumed that the multiple TBF work will address this issue, but specific optimisations may still be possible for the dedicated channel.  

3.2. Controlling Entity

As discussed above in section 3 the controlling entity for the dedicated channel is foreseen as being the GRR entity, although interaction with PFM is also required.  This architecture allows the new functionality required to support a PS dedicated channel for conversational services to be encapsulated in a single new PS domain entity thus minimising the impact on existing protocols and standards.  

The GRR entity is assumed to have ultimate control over the dedicated channel including the following functions:

· Decision for handover based on measurement reports.  

· Communications between the BSS and MS regarding handover.  

· Interfacing with BSSGP (PFM) for handover signalling with the CN.  

· Commanding RLC/MAC to configure/reconfigure resources.  

3.3. Scheduling

Following the pattern of a normal PDTCH and the mechanism chosen for a DBPSCH in Iu mode, the network should schedule all TBFs via the use of USFs.  

This option also provides the maximum compatibility with the shared channel, which will have to employ USF scheduling to enable legacy mobiles to be multiplexed with mobiles capable of handling PS conversational services.  

3.4. Control Channels

Several control channels are envisaged for the dedicated packet channel as discussed in [1].  Suggested channels for the different types of signalling required are discussed in the following sub-sections.  

3.4.1. RLC/MAC Control Channel

It is envisaged that the RLC/MAC functionality will be as little changed as possible and that the PACCH will still be used for the same purposes as it is on an existing shared PDTCH.  

One exception may be to do with the creation of a dedicated PS channel where a specific indication should be introduced into existing PACCH resource assignment messages to trigger the creation of a GRR entity in the mobile.  

3.4.2. Measurement Reporting/Orders

As the SACCH channel is already used for measurement reporting and measurement order in the Iu mode Dedicated Basic Physical Sub-Channel (DBPSCH) and on the A interface, it is inline with the principles set out in section 2 to re-use SACCH for measurement reporting.  However, the use of RLC/MAC control messages (using PACCH) or GRR message over a separate TBF (i.e. GRR signalling channel) for sending measurement related information may provide advantages in terms of flexibility of scheduling.  

If SACCH is used for this purpose, the question of whether RLC/MAC or LAPDm is used as the layer 2 for SACCH is raised.  LAPDm provides compatibility with the legacy TCH whereas RLC/MAC was chosen for the DBPSCH solution in Iu mode and is used for the delivery of U-plane traffic on the dedicated channel.  However, the choice of RLC/MAC was influenced by the need to support signalling messages in acknowledged mode some of which may be larger than one block and require urgent transmission.  This should not be the case for dedicated PS channels as SACCH will only be used for sending UM measurement reports and orders that should fit into one CS-1 coded radio block.  Even if these messages do not fit into one block, the time urgency is not deemed to be such that a more complex mechanism is required.  

It is proposed that SACCH using LAPDm signalling should be adopted for the A/Gb solution for the following reasons:

· It is more efficient than using RLC/MAC (smaller header).  

· It saves having to standardise new RLC/MAC headers as in Iu mode.  

· It is the natural migration path from existing A/Gb mode equipment.  

3.4.3. GRR Signalling

GRR signalling will be used for all the Radio Resource Management messages required between the BSS and the MS.  Such GRR signalling should be over a distinct TBF for the following reasons:

· to make use of both AM and UM RLC.  

· to allow the network to schedule the signalling messages in such as way as to maintain the QoS for TBFs carrying real-time services.  

On a dedicated channel the issue of TFI space is not significant.  It is therefore appropriate to set-up TFIs for GRR signalling (one for RLC AM and one for RLC UM) when the dedicated channel is allocated and the default control plane protocol stack is created.  

A stealing mechanism should be provided in the uplink to allow GRR messages to be sent whenever needed.  

However, care should be taken to ensure that the TBFs carrying real-time data are not unduly disturbed.  This may be achieved by limiting stealing to one radio block before a separate TBF is set-up.  However, the exact stealing mechanism is FFS.  

3.4.4. CN to MS Signalling

This type of signalling should be handled in the same manner as currently with legacy mobiles via the establishment of a TBF to transport the NAS signalling.  Whether a reserved TFI is required for this signalling channel is FFS.  

4. Dedicated Channel with FLO

As proposed in [1], a FLO based dedicated channel should be based on a similar channel structure to the dedicated channel without FLO.  

4.1. Basic Channel

As proposed in [3], a FLO based dedicated channel should be designed with a similar channel structure to the dedicated channel without FLO.  This should be a 20 ms radio block structure with a SACCH channel to support measurement reports/orders and the broadcast of (P)SI.  

4.2. Controlling Entity

As proposed in [2], the controlling entity for the channel should be the GRR entity.  It will be responsible for the GRR signalling between the MS and BSS and the FLO configuration.  This also extends to PS Handover where GRR will be responsible for ensuring that the FLO configuration is known before the MS makes access in the target cell.  

GRR is seen as being responsible for configuring lower layers (RLC, MAC and physical) with FLO configuration information.  The functions of GRR with respect to FLO include:

· Creation and deletion of transport channels

· Configuring the set of allowed transport formats on each transport channel

· Defining the mapping of TBFs onto transport channels

· Configuring the set of transport format combinations.

GRR messages should be used to send FLO configuration information to the MS as RLC/MAC control messages are currently limited to 2 blocks in the DL and FLO configuration data is higher layer information (compared with RLC/MAC) that should be dealt with by GRR.  

4.3. Scheduling

It is not possible to use the USF based scheduling mechanism in the FLO dedicated channel.  The main reason for this is that it is possible for the mobile to multiplex more than one transport channel onto a radio block.  The network would have to send a lot of information in order to schedule all the possible combinations and therefore it would be inefficient.  In addition, the network does not know the occupancy of each of the TBF queues and therefore does not know if they have data to send.  

4.4. Control Channels

For measurement reports/orders and broadcast of SI, the SACCH channel should be adopted.  This provides maximum commonality with Iu-mode FLO and allows for optimisation of the measurement reporting channel.  It is proposed that LAPDm be used on this channel as it is the most optimised solution and is a natural evolution from the existing A/Gb mode functionality.  

RLC/MAC control messages will be carried on the DCH using the configuration parameters associated with the default FLO configuration.  This will be part of the default control plane stack that is available before and after GRR has configured the user channels.  

GRR signalling will also make use of the default control plane using a predefined TFCI as described in [2], and can therefore be used as soon as the resource has been allocated.  

Again NAS signalling should be carried over a TBF and therefore over the DCH along with user TBFs to maximise the commonality with the PDTCH-like dedicated channel and legacy procedures.  

5. PDTCH-like Shared Channel

5.1. Basic Channel

A shared channel supporting conversational PS services should only be used as an overspill for a PDTCH-like dedicated channel.  The reasons for this are:

· No conversational service has been proposed or is envisaged that will require significantly less bandwidth than that provided by a full timeslot.

· This allows the shared channel to be simplified and aligned more with the existing shared PDTCH.  

However, it should still be allowed for the shared channel to carry measurement reports/orders (i.e. instead of SACCH) and GRR signalling to allow flexibility when allocating these channels (e.g. the BSS can decide whether to send this signalling on the shared or dedicated resource.  If SACCH is adopted for the dedicated channel as proposed there will not be a need to carry measurement reports on the shared channel.  

If a shared channel is used to provide additional capacity to the conversational TBF that requires more than one PDTCH-like dedicated channels, then such a TBF must be split across dedicated and shared PDTCH-like channels.  It is therefore desirable that RLC/MAC block formats be similar if not identical in the shared and dedicated non-FLO channels.  

It is not envisaged that a FLO centric dedicated channel would ever be supplemented with a shared (overspill) channel.  

5.2. Controlling Entity

Again, for reasons of commonality, it is proposed that the GRR entity is in control of this channel.  

5.3. Scheduling

USF based scheduling would be required as in the normal PDTCH shared channel in order to allow the multiplexing of legacy mobiles onto the channel.  

The scheduling on this channel must make sure that the QoS for the conversational service is maintained.   

5.4. Control Channels

If measurement orders/reports are supported on the shared channel this should either be via GRR signalling over a TBF/stealing channel or via PACCH.  PACCH is the preferred channel for measurement orders/reports as this functionality already exists in the shared channel and can be easily re-used.  PACCH will also be used for RLC/MAC control messages.  

Under the same assumption of an existing dedicated channel for the conversational service, it may not be necessary to support GRR signalling on the shared channel as it could be handled on the dedicated channel.  However, there may be advantages to allowing the GRR signalling on the shared channel if for instance the stealing mechanism could be made to steal blocks from non-conversational TBFs on the shared channel.  This is therefore FFS.  

If GRR is supported on the shared channel, it is suggested that GRR messages are sent either on the dedicated or the shared channel but not both at the same time.  This will simplify the GRR signalling procedures in both the MS and the BSS.  

NAS signalling can remain the same as it is currently.  

6. Conclusions

Of all the possible channel combinations that could be considered to support the conversational service in the A/Gb PS domain, this paper proposes that only 3 should be adopted:

· Full Rate PDTCH-like dedicated channel 

· Full Rate FLO based dedicated channel with non-FLO based SACCH

· PDTCH-like shared channel without SACCH (as an overspill channel for a PDTCH-like dedicated channel).  

The dedicated channel should be supported as the primary channel for conversational support allowing the possibility to optimise this channel via the use of FLO.  A PDTCH-like shared channel could be accommodated as a supplemental channel to a dedicated (PDTCH-like) channel if it has minimum extra impact on standardisation and implementation.  

In order to minimise the impact on existing functions/standards and to provide the necessary functionality for PS conversational services, a new resource management entity called GRR should be supported for control of all these channel combinations.  

Summary of the recommendations for the PDTCH-like dedicated channel support:

· Only Full Rate channels should be supported

· The dedicated channel should be based on the PDTCH using a 26 multiframe.  

· Uplink TBFs should be scheduled by USF.  

· The signalling channels that may be used for sending measurement reports/orders should be SACCH using LAPDm.  

· PACCH should be used for resource assignment and TBF management.  

· GRR signalling should be sent on a channel that makes use of TBFs that operate via a stealing mechanism in the UL and reserved TFIs for both UL and DL.  

· CN/MS signalling should use legacy procedures via TBF establishment procedures.  

Summary of the recommendations for the FLO dedicated channel support:

· Only Full Rate channels should be supported.  

· The dedicated FLO channel should be like the Iu mode FLO channel with 20 ms radio blocks and 26 multiframe.  

· SACCH using LAPDm should be provided for measurement reports/orders.  

· RLC/MAC control messages should use the default control plane.  

· GRR signalling should use the default control plane. Whether they can also be sent via the DCH is FFS.  

· NAS messages should use TBFs on the DCH.  

· A simple MS based scheduling mechanism is required to schedule different TBFs in the uplink.  

Summary of the recommendations for the shared channel support:

· A shared channel should only be used in addition to one or more PDTCH-like dedicated channels

· The RLC/MAC block formats on shared and dedicated PDTCH-like channels should be as similar as possible to allow TBFs to be more easily split across these channels.  

· A PDTCH like structure is required in order to support legacy mobiles along with mobiles that require conversational PS support.  

· SACCH should not be supported on this channel.  

· If measurement reports/orders are required on this channel they should be transported over PACCH.  

· USF scheduling is required for legacy reasons.  

· A stealing mechanism should be used for GRR signalling (FFS). 
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