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CS Paging in RRC Cell_Shared

1. Introduction

The current paging concept paper [1] proposes the use of paging to initiate a CS connection with an MS in RRC Cell_Shared state.  Given that the location of the MS is known to the cell level by the network, this is felt to be unnecessary. 

The stage 2 document for GERAN Iu mode (3GPP TS 43.051 5.2.0), in Annexe C, clause C.1.2.3, states that:

“Note:
In that state, if the network wants to initiate any activity, no paging request is required to be sent. The network can directly allocate radio resources to the MS.”

This document proposes the changes required to allow the consequences of this note to be added to the stage 3 document. 

2. Current procedures for establishing a CS connection

Currently, the network pages the MS using a (packet) paging request indicating the type of channel required to respond to the CS connection (e.g. SDCCH, TCH).  

In MAC_Idle mode this requires the MS to respond using (Packet) Channel Request procedures depending upon whether the MS uses the (P)CCCH to access the network.

In MAC_Shared state, upon receiving a CS paging request, the MS behaviour is to abort the TBF, establish the CS connection, and then to re-establish a TBF using DTM establishment in order to resume the data transfer in MAC_DTM mode.

3. Proposed procedures for establishing a CS connection

Given that the location of the mobile is known to the cell level, the paging message may be considered as unnecessary for an MS in RRC Cell_Shared mode.  New procedures are described below for some of the MAC states, while for others, the current procedures are suitable.  A more detailed comparison of the two procedures is provided in section 5.1

This paper proposes two alternative solutions for unsolicited assignment in GERAN for an MS in RRC_Cell_Shared.  

The first proposal (Figure 1) is for the RAN to send an unsolicited resource assignment message (i.e. Immediate assignment, Packet Timeslot Reconfigure etc.) to the MS assigning a signalling radio bearer.  The MS shall immediately acknowledge this message on the new SRB and then send an initial direct transfer message to the CN as if responding to a paging request.  This proposal requires few changes within the RAN and to the MS, and no perceived changes to the CN. 

The second proposal (Figure 2) is for the RAN to assign resources to the MS as described above and then, after receiving the acknowledgement from the MS, to follow this with a paging request sent on the newly assigned SRB.  The MS then responds to this paging request in the normal manner on the newly assigned resources.  The changes required to the RAN and MS for this proposal are minimal, but the reduction in messages sent over the air are also less.

In either case, if the MS does not respond with an acknowledgement or page response within a given time (specified by a new network timer) then the RAN initiates the normal paging procedure.

Figures 1 and 2 show the generalised message flow for the two different proposed solutions. 
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Figure 1. Unsolicited assignment proposal 1, MS treats the unsolicited assignment as a page request and responds on the newly assigned channel
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Figure 2. Unsolicited assignment proposal 2, network sends a page request on the newly assigned resources, and the MS responds.

The details of the proposed solutions depend upon the MS MAC_state before the assignment message is sent and the signalling channel being set up.  

In each of the more detailed descriptions below, the optional paging message will be sent if proposal 2 is chosen as the acceptable solution.  This impacts whether or not Packet Uplink Assignment may be used as an unsolicited assignment message.  I.e. Packet Uplink Assignment cannot be used in conjunction with proposal 2.

3.1. MAC_Idle

In MAC_Idle, the MS is camped on either the CCCH or the PCCCH.  If camped upon the CCCH, an immediate assignment message may be used to offer access to a signalling radio bearer.  However, on the PCCCH, this message is unavailable.  It is proposed that the immediate assignment message be considered for use on the PCCCH in order to assign an SRB  to an MS in RRC Cell_Shared, MAC_Idle using the unsolicited assignment procedures presented in Figure 3.
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Figure 3. Unsolicited assignment for an MS in MAC_Idle state establishing an SDCCH or TCH for signalling purposes
Upon receipt of a paging message from the CN (1), the BSS sends an immediate assignment to the MS on the (P)AGCH (2).  The MS responds (3) on the assigned FACCH or SDCCH with an assignment complete message (TBD).  Whether the BSS then sends (4a) a paging request on the assigned resources is TBD.  Finally (5) the MS sends an Initial Direct Transfer message (cause paging response) to the CN via the assigned SRB(1 or 2) in response to the unsolicited assignment or the paging request (TBD).  

The nature of this procedure means that this response will only ever be to the MSC.  The MS will identify itself using it’s TMSI in the message.

The BSS may also assign an SRB to use a PDTCH on SPSCH.  This is done by sending an immediate assignment or a packet timeslot reconfigure message to the MS (see Figure 4).  In all other ways it is the same as the previous procedure.  


[image: image4.wmf](P)AGCH

MS

BSS

CN

1. Paging

2. Immediate assignment/Packet Timeslot Reconfigure (RLC)

5. Initial Direct Transfer (RRC)

3. Assignment Complete (RLC)

4a. (Optional) Paging (RLC)

TBF (SRB1 or 2)

MAC_Idle

MAC_Shared

TBF (SRB1 or 2)

TBF (SRB1 or 2)


Figure 4.  Unsolicited assignment procedure assigning a TBF for signalling purposes to an MS in MAC_Idle state

Whether a packet uplink assignment or packet downlink assignment may be used for the unsolicited assignment is FFS.

3.2. MAC_Shared

An MS in MAC_Shared state has an active connection to the BSC in the form of a TBF.  It is possible to set up a SRB using a TBF or a dedicated channel, using any of the following messages for unsolicited assignment sent on the PACCH:

1. Packet Timeslot reconfigure

2. DTM assignment (requires modification to procedures)

3. Packet Uplink assignment (proposal 1 only)  

Current DTM procedures require the MS to abort the TBF before initiating a dedicated connection.  It is proposed to modify the DTM Assignment command message according to the proposed procedure in 43.055 (clause 6.1.3, figure 10) allowing the network to assign a CS signalling bearer to an MS with a current TBF without aborting all ongoing connections.

It is not possible for an MS to operate on an SDCCH concurrently with a PDTCH, therefore the CS channel assigned must be a TCH/H or TCH/F, which are assigned for signalling purposes only. 

This would allow for one of the following procedures, equivalent to those in Figure 3 and Figure 4 with the following differences:

In order to set up a dedicated signalling radio bearer, the RAN shall send a DTM assignment command message as the unsolicited assignment on the PACCH.  All other steps in the is case are the same as in figure 3.

In order to set up a TBF for signalling purposes, the MS sends a Packet Timeslot Reconfigure or a Packet Uplink Assignment (proposal 1 only) message on the PACCH.  All other steps are the same as in figure 4.  

If the network does not support DTM or the use of multiple TBFs, the behaviour of network and MS are FFS. 

3.3 MAC_Dedicated and MAC_DTM

An MS in MAC_Dedicated or MAC_DTM already has an active CS connection to the core network.  Since it can be reasonably assumed that only one CS call may be ongoing at once, it is felt that current procedures for indicating call waiting to the MS are sufficient.  

4 Abnormal conditions

A concern regarding this proposed procedure is the behaviour of the MS and RAN in the case of crossing messages (i.e. if the MS sends a (packet) channel request at the same time that the MS sends an unsolicited assignment message).

The problem will occur either when the MS receives an incorrect assignment message (e.g. a DTM assignment message in response to a packet channel request), or when the MS sends the response to the assignment (the RAN expects an Assignment Complete message and the MS may send any of the RRC messages, or a Packet Resource Request message).  

The behaviour of the MS and RAN when the procedure fails is FFS.
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Figure 5. Error case in which the MS makes an access request at the same time that the RAN sends an unsolicited assignment message

5. Conclusion

This paper makes the following recommendations in order for direct assignment of resources to be possible for an MS in RRC_Cell_Shared mode.

1. The following messages shall be allowed to be sent on the CCCH and PCCCH without being solicited by the MS:

a. Immediate assignment

2. The following messages shall be allowed to be sent on the PACCH without being solicited by the MS:

a. DTM assignment command

b. Packet Timeslot Reconfigure

c. Packet Uplink Assignment (proposal 1 only)

3. The RAN is able to map TMSI to G-RNTI (in order to send an unsolicited assignment to an MS without invoking contention resolution)

4. Modification of the above messages to include the GRNTI

5. Modification to the DTM behaviour of the MS and BSS to introduce the procedure defined in 43.055, figure 10

6. Assignment complete message needs to be defined.

5.1 Analysis of proposals 1 and 2

The two proposal presented within this paper differ according to the behaviour of the RAN after the unsolicited assignment message has been sent as shown in figures 1 and 2. 

The changes required in the MS and RAN procedures described below for each proposal are in addition to the changes above:

Proposal 1:

· The MS is required to respond to unsolicited assignments as though they were paging requests from the CS domain

· The RAN may use Packet Uplink Assignment as an unsolicited assignment message on the PACCH or (P)CCCH to assign uplink resources for the MS to send an initial direct transfer

Proposal 2:

· The RAN is able to send paging requests on a PACCH, SDCCH or FACCH, and the MS shall decode and act upon them as normal when received

Hence proposal 2 appears to be less complex, but does not offer the savings in terms of messages sent between the RAN and the MS.  It is proposed that the meeting accept proposal 1 as an acceptable solution for unsolicited assignment.

5.2 Open Issues

The following points need to be addressed:

1. Network behaviour needs to be defined for when the MS does not respond (e.g. in the case of cell reselection during the procedure)  Is the procedure repeated, or does the network fall back to the original paging procedure?

2. What happens if the MS makes a channel request/DTM request after the network has sent the unsolicited assignment, but before the MS has received it?
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Annexe A

MAC states

The model shows the MAC state for the MAC control entity of an MS and not for individual radio bearers. What characterizes the different MAC states is how new radio resource allocation is performed i.e. by MAC or RRC, using PCCCH/PACCH/PDTCH or CCCH/FACCH/SDCCH.
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 Figure A-1. States of the MAC Control Entity
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