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Enhanced LAPDm Signalling
1 Introduction

Concerns about handover and assignment performance in bad radio conditions have been described in [1].

In order to improve the situation [1] presents a mechanism that in some specific situations increases the window size in the downlink direction. The purpose with increasing the window size is to handle situations when the network sends long handover or assignment messages (that need to be segmented) over a radio interface that suffers from bad uplink performance.

The current ping-pong mechanism (window size = 1) will stall the transmission in case the acknowledge frames sent by the MS do not reach the network. The result will be that the transmission of the handover command will be delayed and in worst case unsuccessful and the consequence may be dropped call.

This contribution presents a solution for the same problem, but describes a way to increase the window size by using the procedures of a link protocol already included in the 3GPP specifications [2]. The proposed solution can also be used in other scenarios than those presented in [1].
The advantage to use a general solution that goes in line with the existing specification is that the functionality fits into the standard smoothly and that the increased transmission window can be useful in other scenarios, for example to speed up signalling in good radio conditions.

2 Extended Window Size
The proposal is to extend the transmission window for SAPI-0 link in the downlink direction on both SDCCH and FACCH. The downlink direction is the critical path in situations when a connection must be moved to another radio resource due to for example bad radio conditions.
2.1 Indicating EW capability
The MS indicates the EW (Extended Window) capability when the signalling link is (re-)established. Thereafter, it is up to the network to decide to use it when sending a message. The capability indication is done to avoid that the network uses the EW towards a legacy MS. It is unclear how a legacy MS would react if the network uses a transmission window larger than one.

The EW indication is proposed to be done via the SABM command in the uplink direction. The remaining spare bit of the Address Field [2] is proposed to be defined for indicating EW support. An EW capable MS sets the EW indication bit to “1”, while a legacy MS sets this EW indication bit to “0” (=spare). A network that supports EW uses the information to control its transmission protocol, while a legacy network does not care about the EW indication bit as it considers it as a spare bit.
2.2 Operation

The operation of the LAPDm protocol using EW could be quite similar to the existing operation if it can be stated that the RNR (receive-not-ready) frame should not be used. This would make it possible to avoid implementing the “busy condition” state, as well as the procedures associated with that state.

The only requirement on the MS needed in order to avoid the “busy condition“ state is that it must have enough capacity to buffer two received segments and deliver the message to upper layers without running out of memory space.

2.3 Window Size

It is not likely that a layer 3 message needs to be segmented over more than two segments [4].  It is therefore proposed to set the EW size to two, making it possible to send both segments within the T200 interval.
2.3.1 TCH
If the repeated FACCH feature is active, each transmitted block generates a transmission (T) and a repetition (R), see Figure 1 below.

When sending another frame it should be sent in such a way that it avoids interference with the repeated FACCH feature. The proposed signalling scheme is shown in Figure 2 below. According to [5] the lowest allowed T200 values for FACCH/F is 120 ms and FACCH/H is 160 ms. Those values are used in figure 1 and figure 2 below.
Note 1: For E-FACCH/F the lowest allowed value of T200 is 80 ms [5]. It is not
             possible to squeeze in a transmission of a 2nd segment (including
            repeated FACCH) within the time period defined by T200.
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Figure 1: Transmission with Repeated FACCH, legacy operation.
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Figure 2: Transmission with Repeated FACCH and EW.
2.3.2 SDCCH

For SDCCH the only allowed value of T200 is 235 ms [5]. On SDCCH there is no room for transmitting a 2nd segment between those transmission opportunities.
A solution to send two segments “in parallel” on SDCCH will require that the T200 is doubled in order to make room for the 2nd segment. This will make it possible for two segments to share the same radio resource, i.e. an SDCCH sub-channel. This will of course double the calendar time to perform all retransmissions of a specific segment. But all retransmissions of the entire message (both segments) will be sent within the same calendar time as today. The difference is that the two segments will be sent “in parallel” instead of “serially”.
3 Impact on the Standard

The impact on the standard should be restricted only to impact [2]. The current version of [2] describes a protocol that has a window size greater than one. However, sections 8 and 9 introduce limitations to the description so that a ping-pong protocol (window size = 1) is created for the SAPI-0 and SAPI-3 links.
See [5] for details of how the standard is affected with the introduction of EW.
4 Extensions
A few possible extensions to the proposed solutions have been identified. They are discussed below. The conclusion is however that there is no real gain in implementing the extension.
4.1 Uplink direction

It is possible to introduce EW also in the uplink direction. It would however not solve need for improving handover performance. There are right now no messages in the uplink direction that need segmentation. But if the functionality is introduced a complete handshake between the MS and network at link setup must be introduced in order to exchange EW capability for both sides.

4.2 SAPI-3

It is possible to use EW also for SAPI-3. A similar mechanism as for SAPI-0 could be used. The motivation to do this would be to speed up the transmission of SMS messages. SMS messages are often longer than two segments so this solution would not speed up the SMS transmission so much. And in order to complete the SMS transmission the MS needs to be able to send a layer 3 message to the network. That uplink transmission could fail in a radio environment suffering from bad radio conditions in the uplink direction. This causes that the network would consider the SMS transmission as unsuccessful and results in a repetition of the entire SMS message.
5 Comparison

The differences between the functionality suggested by this contribution with the functionality described in [1] can be summarised as follows:

· The solution in [1] requires control from upper layers, while the present solution does not.

· The solution in [1] suggests new LAPDm procedures while the present solution uses existing LAPDm procedures.
6 Conclusion

This contribution describes functionality for improving the LAPDm protocol. It has the following benefits:
· Improves the handover/assignment performance in bad radio conditions.

· Improves the signalling throughput in good radio conditions.

· Already specified functionality of the LAPDm protocol is used, which minimises the impact to the standard.

· The capability exchange is proposed to be performed within the layer 2 protocol, so the layer 3 specifications need not be updated.

· The support for, and decision to use, the Extended Window is implemented within the LAPDm protocol. No involvement from upper layers to control it is necessary.
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