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Interactions between GRR and RLC/MAC control

1 Introduction

In earlier contributions it has been proposed to introduce a new protocol layer (temporarily called GRR) in GERAN A/Gb mode in order to support flows (i.e. PFCs) that require PS Handover. It is the assumption that this new protocol layer only should be used when the MS has services requiring PS Handover. Other services not requiring PS Handover should be handled by existing RLC/MAC mechanisms to such a large extent as possible.

This paper discusses further the separation of GRR and existing control functions in RLC/MAC for mobiles with a mix of PFCs with different QoS were some PFCs require PS Handover.

2 Background

When introducing a new GRR protocol entity to handle PS Handover for PS services in GERAN A/Gb mode a number of different approaches can be used regarding how the new GRR control functions and existing RLC/MAC control functions should interact. Below are three different approaches listed for how GRR and RLC/MAC can interact in the case the MS has both real time and non-real time PFCs:

1. GRR and RLC/MAC control is supported in parallel but completely separated. PFCs requiring Handover treatment are handled by GRR and for PFCs not requiring Handover treatment existing RLC/MAC control functions are used. 

2. GRR and RLC/MAC control is supported in parallel and are integrated. This means that a GRR message (for example an assignment) can be sent as a response to an RLC/MAC control message.

3. Only GRR is used when the MS has at least one PFC requiring Handover treatment. This means that GRR need to include all existing RLC/MAC control functions.

This paper is proposing that approach one should be followed. The motivation for this is related both to the impacts to the specifications and the system complexity. The impacts of this first approach are further elaborated in the next section in this paper.

The second approach above will mean that GRR would be completely integrated in the RLC/MAC control procedures specified in 44.060 since any GRR message will alter the state (e.g. procedures, timers, MAC states) of RLC/MAC. The third approach would be more technically clean however it is foreseen to be quite complex to move all RLC/MAC control functions to GRR and the benefits are also questionable.

3 Separation of GRR and RLC/MAC Control

3.1 General 

In this paper it is assumed that the use of GRR for managing one or more  PFCs should not be related to what physical channel (FLO, Dedicated/Shared PDTCH) the MS currently has been allocated for supporting these PFCs. Instead the use of GRR is proposed to be strictly related to when Network controlled PS Handover is to be supported for a given PFC. It is FFS if GRR in further discussions should be restricted to specific channel combinations.

In order to keep the separation between GRR and RLC/MAC control functions it is assumed that “non-real-time” PFCs (in this paper called NRT-PFC) not requiring PS Handover are handled completely by RLC/MAC while “real-time” PFCs (in this paper called RT-PFC) requiring PS Handover are handled completely by GRR. If an MS currently supports both NRT and RT-PFCs this means that the MS and BSS address the NRT-PFCs with RLC/MAC control messages and the RT-PFCs with peer-to-peer GRR messages (i.e. the protocol layers are operated as distinct entities with separate functions to support). Some coordination between GRR and RLC/MAC is still required (see section 3.3).

The motivation for introducing this limitation on which PFCs GRR and RLC/MAC control messages can be used is the desire to avoid situations were a GRR message is used to answer a RLC/MAC message or vice versa. If it is allowed to answer an RLC/MAC message with a GRR message (or vice versa) there is always a risk that GRR and RLC/MAC get unsynchronized in the MS and the BSS. GRR messages can be sent using many RLC/MAC blocks and can be sent in parallel to RLC/MAC messages (that use PACCH). It is unclear how the MS should react if it receives a GRR handover/assignment for a PFC when it has just determined that it has some TBF related signalling to send for that PFC. Allowing the possibility to answer a RLC/MAC message with GRR also means the termination of existing RLC/MAC procedures and error cases in 44.060 needs to be modified.

The drawbacks of this approach is that resources (e.g. TBFs) for NRT-PFC need to be re-established whenever the MS receives a GRR message that assigns the MS to a new physical resource within the same cell (i.e. resource re-allocation) or to a new physical resource in another cell (i.e. handover). It can be argued however that this is not a significant drawback since TBFs could be re-established quite quickly on the target physical resource anyway with help of Multiple Downlink assignments and Multiple Uplink requests send on PACCH. For NRT-PFCs there may not be any data available anyway and there is also no requirement for Handover treatment.

3.2 Channel allocation

The consequences of having this clear separation of RT- and NRT-PFC are among other things that:

· Only RT-PFC get pre-allocated resources in a target cell prior to handover or during channel reconfiguration.

· NRT-PFC needs to be setup in the target cell via RLC/MAC signalling after resource re-allocation or PS handover (similar to DTM). It is might also be possible for NRT-PFC to benefit from the handover procedures since the outage time might be reduced if the data also belonging to NRT-PFCs can be sent in parallel to the RAU procedure.

In order to further simplify and to keep the separation between GRR and RLC/MAC it is assumed that when a MS has only been given resources for a RT-PFC it will also always have access to a channel for transferring legacy RLC/MAC (PACCH) messages and a channel for transferring GRR messages. This channel can either steal bandwidth from the RT-PFC or be allocated separate bandwidth. If this approach is followed it will be possible for the MS to initiate RLC/MAC signalling for NRT-PFCs at any time. This assumption should be valid for all possible channel combinations used for a RT-PFC (e.g. FLO, PDTCH). This is further elaborated below in two cases were the MS has RT-PFC subject to PS Handover and operates on a Shared PDTCH type channel and a FLO channel respectively:

MS on Shared PDTCH type channel (one or more TS):

On this channel the MS has been allocated (by GRR) an UL and DL TBF that is used for the RT-PFC. The UL TBF is scheduled by an USF value. It is the BSS responsibility to make sure that the TBF associated with the RT-PFC has enough UL resources to support the requested QoS of that PFC. In addition to the TBF associated with the RT-PFC the MS also has access to a PACCH used for RLC/MAC signalling as well as a channel to support GRR signalling (e.g. SFACCH). The MS may also have other NRT-PFCs supported on other TBFs that have been assigned by RLC/MAC assignments. At PS Handover the MS will for example be assigned a TBF (for the RT-PFC)in the target cell where the assigned TBF can be also be used for PACCH and SFACCH type signalling as needed. The NRT-PFC will not be assigned any TBFs in the target cell.

MS on a dedicated FLO type channel (one or more TS):

In this scenario it is the responsibility of GRR to setup the transport channels and transport channel combinations for the MS. When doing so it needs to at least set-up one transport channel using non transparent mode RLC/MAC that can be used to carry any RLC/MAC (using PACCH ), GRR (SFACCH) and CN (TBF) signalling as well as TBFs associated with other NRT-PFCs (e.g used for SIP). The motivation why this is needed is due to that it should be possible to perform RLC/MAC signalling related to NRT-PFCs without requiring the GRR to completely re-configure the transport channels. It may still be allowed for GRR to do reconfiguring of transport channels as a response to increasing NRT-PFC data traffic, however this should be done separately. One way to avoid extensive GRR reconfigurations can be to use RLC/MAC signalling on the non transparent mode transport channel to allocate new PDTCH like resources (on a separate time slot that does not use FLO) completely managed by RLC/MAC.

3.3 GRR and RLC/MAC coordination

From the discussion in earlier sections in this paper it is quite clear that, although the GRR and RLC/MAC control functions are separate at the peer-to-peer protocol level, some coordination of the different protocols is still needed in the BSS. One example of this is that when allocating dedicated channels for RT-PFCs it may be required to also allocate adjacent shared channels for NRT-PFCs. Another example is that whenever one or more RT-PFCs exist along with any number (could be zero) of NRT-PFCs the behaviour of the RLC/MAC control functionality related to the MS is reduced slightly. This due to that functions involving cell level mobility etc. are not needed.  In addition the RLC/MAC control functions related to scheduling (e.g. USF) and user plane (e.g. ACK/NAC reports) may also be used for RT-PFCs even though the control of the physical resource for these PFCs are handled by GRR.

3.4 GRR connections setup and protocol model

Following the approach that GRR and RLC/MAC control should be separated also affects the way the GRR connections are initiated. It is the assumption in this paper that the GRR connection only should be started with the help of GRR signalling. This could either be a GRR assignment sent from the BSS to the MS or it could be triggered by an MS GRR connection request (FFS). It is the assumption that RLC/MAC control messages should not be used to trigger a GRR connection.

The following simple two-state GRR protocol model is proposed:

MS side:

GRR Idle state:

The MS operates according to legacy procedure. The trigger to leave this state is when a MS has a PFC that requires Handover treatment. It is FFS if the MS should only leave this state when it receives a GRR Connection Setup message from the BSS or if the MS can request a GRR Connection to the BSS. See [GP-030793] for more discussion around this issue.

GRR Connected state:

The MS operates with an active GRR connection. This is independent of what channel combination (e.g. FLO, Dedicated/Shared PDTCH) that has been assigned. It is however likely that this state will only be supported when the MS has at least an active traffic channel (e.g. it is in Packet transfer mode). There may be a number of different triggers for the MS to leave this state. Possible triggers are that the PDP context and the PFC has been released or that the MS is out of coverage in the old cell without receiving a PS Handover command.

BSS side:

GRR Idle state:

The BSS operates according to legacy procedure. The only difference from legacy procedures is that the BSS has the option at any time to send a GRR message that can initiate the GRR connection and assign physical channels to the MS. The GRR message can only be sent on a associated control channel (it is not allowed on (P)CCCH). The trigger to leave this state is when the BSS receives a PFC setup request from the SGSN for a PFC that requires Handover treatment. It is FFS if the MS should be allowed to request a GRR connection with a GRR message.

GRR Connected state:

The BSS operates with an active GRR connection. The BSS controls the cell re-selection of the MS (the cell re-selection may still be triggered by the MS). There may be a number of different triggers for the BSS to leave this state. Possible triggers are that the PDP context and PFC has been released or that the BSS has lost contact with the MS.

4 Conclusion

This paper discusses various issues related to the introduction of a new GRR protocol entity in GERAN A/Gb mode to support flows (e.g. PFCs) that require PS Handover procedures. The main point of this paper is the proposal on how GRR control functions should be handled separately from existing RLC/MAC control functions. The main advantage foreseen with this approach is the reduced the complexity of GERAN A/Gb mode by clearly specifying what functions should be handled by each protocol layer. This approach also re-uses existing PS control functionality in GERAN A/Gb mode for flows (i.e. PFCs) not requiring PS Handover treatment (i.e. for NRT-PFCs).

