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Enhanced Access Stratum Signalling

1 Introduction

In order to decide which transmission protocol  solution should be used to support enhanced access stratum signalling for GERAN A/Gb mode, it is necessary to first identify what functional requirements should be put on access stratum signalling such as PS Handover. This paper proposes some working assumptions on the functional requirements impacting enhanced access stratum signalling and then provides a high level description of a solution for these requirements. 

2 Overview of functional Requirements

The following functional requirements are proposed in order to support PS Handover in GERAN A/Gb mode:

· The PS Handover message should have enough capacity to make it possible to assign radio resources and provide system information required for operation in the target cell for handover both within GERAN and between GERAN and UTRAN.

· The PS Handover related messages and other anticipated new messages (e.g. FLO related) should be transferred using an efficient re-transmission protocol and a robust channel-coding scheme. 

· The transmission protocol solution should be future proof enough to make it possible to support the evolving needs for PS Handover for any type of service and channel combination and for any RAT combination. 

· Existing GPRS mechanisms should be re-used to as large extent as possible assuming it does not put restrictions on the requirements above.

These functional requirements are further elaborated in the next section.

3 Detailed review of requirements

3.1 Capacity of PS Handover messages

The minimum requirements on the PS Handover signalling solution is that it supports both PS Handover towards UTRAN and within GERAN. As such it is necessary to be able to transfer the following information within a single message:

· PS Handover to UTRAN Command parameters (RB configuration, System Information, U-RNTI, L1 configuration)

· GERAN parameters (PFIs, TBF allocation/PFI, Required (P)SI messages, Channel allocation/PFI) 

In some cases (see below) these messages need to contain quite a lot of information. 

Handover from GERAN A/Gb mode to UTRAN case:

· Although the exact size of a “PS Handover to UTRAN Command” message varies depending on the current configuration it is possible to compare it to existing UTRAN RRC messages like Radio Bearer Reconfiguration and RRC Connection Setup, which today performs a similar function (e.g. establishing an RRC connection, configuring of physical and logical resources) These messages can easily contain information up to 100 octets. Although various optimizations of these messages are supported, in the standard, it is still quite unrealistic to expect that the “PS Handover to UTRAN Command” will fit into the current maximum control message size of 40 octets DL.

· It should also be noted RLC-AM mode is used in UTRAN to transfer RRC signalling. This suggests that an ARQ based RLC should be used once the volume of control plane payload associated with access stratum signalling exceeds the payload limitations associated with legacy access stratum messages such as PACCH currently defined for GPRS operation. 
Handover within GERAN case:

· Similarly for GERAN, a number of different parameters need to be provided to the MS in the source cell. Assuming that the GPRS Channel Allocation, Multiple TBF reconfiguration; TBF allocations/PFC etc. fits into 40 octets it is still necessary to provide a minimum set of system information (PSI1, PSI2 (n*20 octets) and PSI14 or SI3 (n*20), SI13 and SI1 (if used) depending on if PBCCH is allocated or not) that contains information on frequency parameters, LA/RAs etc. prior to the MS entering a packet data channel in the target cell. This information in combination with other Handover information will probably not fit into the current maximum control message size of 40 octets DL. In order to have a future proof solution it is also foreseen that whole (P)SI messages shall be sent to the MS and not only the IEs needed for the PS Handover. 

· When FLO support in GERAN is introduced, additional information needs to be provided to the MS in the source cell. For instance in [1] it is estimated that between 30-40 octets are needed to initially configure a FLO based channel using AMR. This information in combination with other Handover information will also probably not fit into the current maximum control message size of 40 octets DL. It should be noted that even though re-configuration of a FLO based channel would in most cases require less data than the initial set-up any solution must be able to cope with the worst-case scenario.

Currently access stratum signalling (i.e. PACCH) associated with GERAN A/Gb mode only supports delivery of control messages limited in size to 1 UL and 2 DL RLC/MAC blocks (20/40 octets). It is, however, possible to separate the information comprising a single higher layer message (e.g. a PS Handover message) into multiple control messages and deliver them in sequence to the MS. The problem with this approach is that the MS needs to receive the complete set of related control plane messages before the MS could initiate the PS Handover. As such, additional enhancements to existing control plane message functionality are needed to allow an MS to identify the set of control messages associated with the same higher layer message and to determine their correct sequencing. Additionally, the error cases where the MS has received only some of the control messages need to be considered.

There are also some limitations on the speed that control plane data can be sent to the MS using separate RLC/MAC control messages. Currently only 2 outstanding segmented RLC/MAC control messages will be received by the MS and only three packet control acknowledgments can be polled for at a given time. This means that when the network for instance needs to transfer some control plane information with guaranteed delivery it can only send 3 separate RLC/MAC control blocks (where each block uses RRBP to indicate where an MS is to send an acknowledgement for that block) before the protocol stalls. E.g. one RTT is added for every three control blocks. Additionally if the control plane information is divided in such a way that some information needs to be received and acknowledged prior to the actually handover command is sent (example. PSI and PCCO) this adds an additional RTT before the PS Handover can be executed. An example of the potential problems using existing methods is shown in the example below. 

Example 1:  MS running a 2 UL + 2 DL TS service requiring PS Handover using legacy messages.

Amount of downlink control plane information to be transferred: 

· 6 blocks (P)SI + 2 blocks PCCO.

· Existing RLC/MAC control blocks (i.e. PACCH) used to send control plane information as two distinct access stratum messages.

Downlink bandwidth used to send control plane information:

· 1 timeslot per TDMA frame (i.e. BSS chooses to use only 1 timeslot out of 2 available to send control plane information).

·  Each cell in figure below represents 1 radio block.

RTT (at RLC level):

· 160 ms 

· The final PCCO message is not acknowledged if the PCCO is received with out errors.
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Example 2:  MS running a 2 UL + 2 DL TS service requiring PS Handover using new messages.

Amount of downlink control plane information to be transferred: 

· 6 blocks (P)SI + 2 blocks PCCO.

· AM-RLC used to deliver all control plane information using a single access stratum message (i.e. sending (P)SI and PCCO in one access stratum message):

Downlink bandwidth used to send control plane information:

· 2 timeslots per TDMA frame (i.e. BSS chooses to use both timeslots available to send control plane information).

· Each cell in figure below represents 1 radio block.

RTT (at RLC level):

· 160 (only required if a retransmission is needed – not shown)

· No Packet Ack/Nack report is sent if Handover Command is received without errors.
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From the figures it can be seen that by using RLC-AM the control plane information can be delivered much faster to the MS leading to less data service interruption at PS Handover and decreasing the risk that the MS is lost due to bad radio conditions at cell border. If packet error occurs the RLC/MAC control block based solution would in most cases require an additional RTT or more before the PCCO can be sent, while the AM-RLC solution can use blind re-transmission. It should also be noted that the RLC/MAC control block based solution wastes significantly more UL radio resources than the RLC-AM based solution (both examples above assume error free operation). 

3.2 Transmission protocol for PS Handover Messages

In the section above it is concluded that the size of a PS handover message would most likely require the transmission of multiple RLC/MAC control blocks (of 20 octets). It is therefore required that these messages can be sent over the unreliable radio channel using an efficient re-transmission protocol. E.g. the transmission protocol solution selected should allow for fast delivery of a PS handover message to the MS at cell border. It is not acceptable, as in LAPDm, to have a Stop and Wait protocol, which de facto adds one RTT for each additional message part (e.g. RLC/MAC control block) that needs to be sent. Additionally, it would also be beneficial to have a transmission protocol solution that allows implementation specific blind re-transmission of message parts in order to increase the chances of the MS receiving the higher layer message correctly.

The transmission protocol solution selected to transfer PS Handover messages should make it possible to deliver control plane messages safely and fast. Currently most GPRS control messages sent using RLC/MAC control blocks are delivered unacknowledged. It is however possible to poll for packet control acknowledgements of individual RLC/MAC control blocks sent to an MS (using RRBP field). Packet control acknowledgements cannot, however, be used to support control plane messages longer than 2 DL RLC/MAC control blocks. The reason for this is that there is no support for segmentation, reassembly and duplication avoidance. If existing RLC/MAC control blocks are to be used to send a higher layer control plane message such as a PS Handover message, then all of these functionalities need to be provided on the higher layer itself. Overhead would need to be added so that the higher layer control plane protocol understands when it has received a complete PS handover message and when there is still data missing. Similarly functions would be needed to tell duplications apart from new data etc. Specific handling may need to be developed for each different higher layer control plane protocol entity that makes use of RLC/MAC control blocks. 

Due to these reasons it is considered much more efficient to introduce a generic re-transmission protocol re-using functionalities from the existing AM-RLC protocol (although some simplifications could be considered) to support the case where multiple radio blocks are needed to send a single higher layer control plane message between the MS and BSS. This solution would provide the same delivery mechanism for any higher-layer control plane message sent on the downlink or uplink and would provide a more efficient (e.g. lower complexity, less bandwidth consumed) re-transmission protocol than relying on existing RLC/MAC control blocks and RRBP based Packet control acknowledgements. 

3.3 Future proof-ness of PS Handover Messages

In order to simplify the process of introducing new functionality in the standard and the networks, it is beneficial if the transmission protocol solution used for sending PS handover messages is the same regardless of what type of service is supported and on what channel combination the service is realized on. Having service and channel specific solutions (e.g. a solution only working on shared channels) would complicate implementation, testing and the phasing in of new features. It is not possible to know when and how the different features will be rolled out in the networks and any differences in functions used for different channels combinations should therefore be minimized since it reduces the complexity of introducing new channel combinations.

3.4 Re-using GPRS functionality to support PS Handover

In order to integrate the support for PS Handover as much as possible into existing GERAN networks it is beneficial if already standardized functionalities can be re-used as much as possible. Therefore it is proposed that existing RLC/MAC functions for acknowledgements etc. are re-used to the greatest practical extent to support a new access stratum transmission protocol, instead of introducing a new segmentation method on PACCH.

4 Transmission Protocol Solution

A transmission protocol solution is required for enhanced access stratum signalling associated with new features such as PS handover. This solution can be based on an extension of the existing PACCH protocol [3] or based on an extension to RLC-AM operation currently defined for sending user plane payload (i.e. when non access stratum payload is sent). Which approach is best is determined by a number of factors as previously discussed and which can be summarized as follows:

Expanded Message Capacity

· The inter-RAT PS handover scenario places the most demanding requirements on access stratum signalling. 

· More specifically, as many 100 octets of transparent container information (per PFC receiving handover treatment) may be sent from the target RNC to the source BSS during inter-RAT PS handover where the source BSS is expected to convey this information as part of the PS handover command it sends to the mobile station.  

· An extension to RLC-AM operation currently defined for sending user plane payload will provide an efficient and flexible solution to this capacity requirement. 

· An extension of the existing PACCH protocol will not provide an efficient and flexible solution to this capacity requirement (six downlink blocks is the maximum per access stratum message). 

Efficient Message Transmission

· Extending the existing PACCH protocol requires that the RRBP feature be used to confirm that the mobile station has received each RLC/MAC control block used to send an access stratum message.  

· This reduces the speed with which the BSS can send a multi-block access stratum message as existing functionality limits the frequency with which the BSS can request a mobile station to queue RRBP solicited acknowledgements.

· An extension of the existing PACCH protocol will result in excessive use of uplink bandwidth for control plane overhead as each RLC/MAC control block sent to the MS must be acknowledged with a PACKET CONTROL ACK message.

· An extension to RLC-AM operation allows for faster transmission of access stratum messages as all timeslots allocated to an MS can be used to send any given access stratum message.

Bi-directional Support

· An extension to RLC-AM operation currently defined for sending user plane payload provides a bi-directional solution to evolving access stratum signalling requirements.

· An extension of the existing PACCH protocol only provides a downlink solution to evolving access stratum signalling requirements.

Protocol Changes

· Both solutions considered for providing a transmission protocol for enhanced access stratum signalling will have an impact on the RLC/MAC protocol.  Differences in the extent of this impact are seen as being minimal from an implementation perspective and as such the other factors identified above should be considered as most important.

5 Conclusion

.

It is proposed that a transmission protocol for enhanced access stratum signalling between the BSS and MS be provided based on segmentation and ARQ functions similar to those used for legacy mode (RLC-AM) when sending user plane information via RLC data blocks. A detailed proposal for this transmission protocol is provided in [2].
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