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Functional Requirements on PS Handover

1 Introduction

In order to decide which signalling solution should be used to support PS handover in GERAN A/Gb mode it is necessary to agree on what functional requirements should be put on the PS Handover. This paper proposes some working assumptions on the functional requirements impacting the MS/BSS signalling. The different solutions needed to meet these requirements are out of the scope of this paper, see proposal in [2]. 

2 Overview of functional Requirements

The following functional requirements are proposed in order to support PS Handover:

· The PS Handover messages should have enough capacity to make it possible to assign resources 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 solution should be future proof enough to make it possible to support PS Handover for any type of service and channel combination and for any RAT combination. 

· Existing GPRS mechanism 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 information containing:

· PS Handover to UTRAN Command (RB configuration, 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 to UTRAN case:

· Although the exact size of a “PS Handover to UTRAN Command” message is FFS 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 is supported, in the standard, it is still quite unrealistic that the “PS Handover to UTRAN Command” will fit into the current maximum control message size of 40 octets DL (and 20 octets UL).

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 and PSI14 or SI3, 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.

· 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 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.

Currently GERAN 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 control messages before the MS could initiate the PS Handover. As such, additional enhancements to existing control 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. 

Given that these enhancements are anyway needed in order to support the delivery of PS Handover information, the most efficient solution is probably to specify a new type of segmentation function at the RLC/MAC layer that can be used for sending higher layer messages consisting of control plane information between the BSS and the MS. The requirements on a solution for this new segmentation function are that it shall be as simple as possible while still meeting the functional requirements proposed in this paper (See section 2).

Additionally it is proposed that a solution for this new segmentation function is only introduced for MS supporting PS Handover and that it is clearly specified when the segmentation function should be performed in order to reduce MS complexity. I.e. it should not be possible in a given situation to use old and new control messages to do the same thing. 

3.2 Transmission protocol for PS Handover Messages

In the section above it is concluded that the PS Handover Messages sizes most likely would require multiple RLC/MAC 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 protocol should allow for fast delivery of 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 block) that needs to be sent. Additionally, it would also be beneficial to have a mechanism that allows blind re-transmission of message parts in order to increase the chances of the MS receiving the higher layer message correctly.

The transmission protocol used to transfer PS Handover messages should make it possible to deliver the messages safely and fast. Currently most GPRS control messages are delivered unacknowledged. It is however possible to poll for packet control acknowledgements of individual packet control messages (using RRBP field). Packet control acknowledgements can, however, not be used to support control messages longer than 2 DL RLC/MAC blocks. The reason for this is that there is no support for segmentation, reassembly and duplication avoidance. If existing control messages are to be used to send a higher layer 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 understands when it has received a complete PS handover message and when there is still data missing. Similarly functions are needed to tell duplications apart from new data etc. Specific handling needs to be developed for each different higher layer message. 

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 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 message and provide a more efficient (e.g. lower complexity, less bandwidth consumed) re-transmission protocol than relying on existing RLC/MAC control messages and 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 PS Handover solution 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 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, measurements reports etc. are re-used to the greatest practical extent. It is safe to assume that the controlling entity in the BSS that controls all the existing functions like TBF management etc. will be integrated with the new control functionality required for supporting PS Handover. As such no artificial barriers need to be introduced that would for instance prevent an existing layer 2 message to be used by an entity that, signalling wise, could be considered layer 3 (i.e. when the higher layer signalling messages are transported by RLC/MAC). An example of this scenario is when existing RLC/MAC Packet Measurement Reports are used to trigger a PS Handover. Similar RLC/MAC layer acknowledgements could be used to implicitly acknowledge the reception of a higher-layer signalling message. 

The exact details on how existing GPRS functionality can be re-used to support PS Handover is FFS.

4 Conclusion

With the introduction of the PS Handover feature and the anticipated introduction of FLO based services, the volume of control plane information to be sent from the BSS to the MS for a single control plane message is seen as needing more bandwidth than can be provided using legacy mechanisms (i.e. more than two RLC/MAC control blocks will be needed). It is therefore proposed that control plane signalling between the BSS and MS be enhanced to allow the option of sending higher layer control plane messages using segmentation and ARQ functions similar to those used when sending user plane information via RLC data blocks.
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