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Introduction

This contribution tries to highlight a serious issue which results from the decision made at the last TSG GERAN Ad-hoc for R4 and beyond meeting not to use LAPDm in GERAN Iu mode for the transfer of signalling messages (except on BCCH and CCCH). A solution to this issue is proposed and a simulation environment is defined in order to determine the appropriate values of the parameters introduced in this solution.

Signalling message transfer in A/Gb mode

In GERAN A/Gb mode, real-time services are only supported via the A interface. The main service today is voice and the associated layer 3 signalling is carried over a purpose-defined layer 2 protocol, LAPDm, mapped onto the FACCH logical channel which operates in stealing mode. This protocol is characterised among other things by the fact that the associated window size is limited to 1 in today’s implementations. This window limits the number of allowed outstanding unacknowledged I frames to 1 (the I frame format is used to perform information transfer in acknowledged mode between layer 3 entities). One of the implications of this constraint is that when large layer 3 messages are to be transferred, though they are segmented over several I frames by LAPDm, they cannot be transferred successively. Each I frame has to wait for the acknowledgement of the previous I frame to be received by the sending entity before it can be sent over the radio interface. This guarantees that there is at least one round-trip delay between consecutive sendings of I frames. It is worth noting that the transfer of an I frame in GSM will mute one speech frame, which implies a 20 msec speech muting. The speech decoder will try to compensate for this muting and the degradation is therefore limited. Figure 1 below shows the layer 2 operation in GSM using LAPDm.
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Figure 1: LAPDm operation in GERAN A/Gb mode

This operation allows to mitigate the degradation of speech quality since the maximum muting time is limited to 20 msec and there is at least one round-trip delay (or the retransmission timer if it is shorter than the round trip delay, but this should never happen) between consecutive mutings. The drawback is that large layer 3 messages will take quite a long time to be transferred, at best:

· n*(40 msec + round trip delay), where n is the number of I frames required to transfer the layer 3 message. This has lead to always try and have time critical messages like HANDOVER COMMAND fit into one I frame.

· n*(80 msec + round trip delay) for a half-rate speech call.

Signalling message transfer in Iu mode

In GERAN Iu mode, it has been decided to adopt RLC as the layer 2 protocol for transfer of higher layer messages (with the exceptions of BCCH and CCCH). The current assumption is also that the same logical channels will be used and especially the FACCH channel which operates in stealing mode. One of the characteristics of RLC is that the window size is always equal to or greater than 64 in today’s implementations for GPRS service. If this is kept for the transfer of layer 3 messages in GERAN Iu mode when a real-time service is on-going, this can lead to muting several real-time frames in a row, which will degrade the quality of the on-going real-time flow in a non-acceptable manner. For example, if the real-time flow is a voice call and the window size is 64, this can lead to muting the speech call for up to 64*0.02 = 1.28 sec in a row ! Even worse, if RLC acknowledgements are requested and sent back in such a way that the sending window never stalls, there is potentially no limit on the speech muting time, apart from the maximum layer 3 message size.

Modified RLC protocol

The RLC protocol must therefore be modified to guarantee that only acceptable mutings can happen without delaying for too long the delivery of higher layer messages. It is assumed in this paper that RLC operates in acknowledged mode for the transfer of higher layer messages. Note that those messages may be provided by RRC via a dedicated SAP but it may also be envisaged that they be provided by a PDCP entity in case some user plane Radio Bearer could be transferred on FACCH in stealing mode (e.g. short SIP messages).

Solution 1: Decrease the window size

The first solution could consist in simply reducing the RLC window size. This has no impact on the RLC specification except introducing new window size(s). The window size to use for signalling message transfer in GERAN Iu mode would depend on the maximum tolerable muting time. This may depend on the codec used since the higher the speech codec rate, the better it is able to recover from muting.

The main problem with this simple solution is that the transmitter, after sending N blocks where N is the window size, has to wait for an acknowledgement from the receiver before being able to send new or unacknowledged blocks. This acknowledgement time will at least be equal to a round trip delay, the duration of which is uncontrollable. That is, the sending time for messages segmented over more than the window size is uncontrollable since the round trip delay can theoretically take any value. This is accepted today in GERAN A/Gb mode but this may not be desirable in GERAN Iu mode where larger messages may need to be sent (e.g. RADIO BEARER RE-CONFIGURATION, HANDOVER COMMAND, ...). With this approach, the sending time will be at best:

· ((n-1) div NFR)*(NFR *20 msec + round trip delay + 20 msec) + (n – NFR *((n-1) div NFR))*20 msec + round trip delay + 20 msec for a full-rate speech call,

· ((n-1) div NHR)*(NHR *40 msec + round trip delay + 40 msec) + (n – NHR *((n-1) div NHR))*40 msec + round trip delay + 40 msec for a half-rate speech call.

Further, though on the downlink, the network may specify a specific block where the mobile station must send a Packet Downlink Ack/Nack and therefore the network can know whether or not to resend blocks after the receipt of that message (or no receipt if the MS did not receive the command or the message was lost on the radio), this is not possible today on the uplink. Indeed, a mobile station cannot control the sending of acknowledgements by the network when using RLC (note that with LAPDm, the transmitter behaviour is the same irrespective of whether it is the network or the mobile station). With such an approach and with today’s specification, the mobile station would enter a transmit window stalling condition and would start timer T3182. Upon expiry the mobile station will perform an abnormal release with access retry. When N3102 reaches 0 it would even perform an abnormal release with cell re-selection. Obviously all this is not possible when there is a real-time flow established on a DPSCH.

Note: this shows also that today’s RLC protocol is not suited at all for signalling message transport over FACCH operating in stealing mode over a real-time flow. Not only the header, but also the protocol behaviour must be changed. For instance, it is probably not acceptable to be able to acknowledge or unacknowledge RLC blocks only by sending pure RLC/MAC control blocks (i.e. sending only the equivalent of supervisory frames in LAPDm). Indeed there will be systematic pre-emption of real-time data in that case but not possibility to piggy-back a layer 3 message. With LAPDm it is possible to acknowledge or unacknowledge a block and send an I frame containing higher layer messages. This function must be created for RLC. The header must therefore be modified to contain at least the N(R) and N(S) values and maybe even the bitmap. Further it should be possible for the mobile station to request an acknowledgement from the network but this may be implicit with the SI bit already. Then T3182 could be seen as a retransmission timer and the action at expiry must therefore be first to resend blocks. In any case, the behaviour should be harmonised irrespective of who is the transmitter.

It appears therefore that this solution is not sufficient for GERAN Iu mode if we want to be able to send large critical messages quickly.

Solution 2: Introduction of T3212 and N3106

Another solution consists, as briefly presented during the last RLC/MAC teleconference, in specifying the maximum number of RLC data blocks that can be sent in a row and also the minimum amount of time required between consecutive sendings of sets of RLC data blocks.

Concept

Figure 2 below illustrates solution 2.
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Figure 2: Modified RLC protocol for GERAN Iu mode (example with N3106=2 and T3212=35 msec for a full-rate speech call)

The RLC protocol is modified with the introduction of the following new parameters:

· N3106: it specifies the maximum number of RLC data blocks which can be sent in a row, causing a muting of N3106*20 msec for a full-rate speech call and a muting of N3106*40 msec for a half-rate speech call. If N3106 = 1, it corresponds to the muting allowed in today’s operation of the LAPDm protocol. If N3106 = RLC window size, then as many RLC data blocks as allowed by the sending window state can be sent. Note that those N3106 RLC data blocks can be new blocks or re-transmitted blocks or both. N3106 can also take any value in-between.

· T3212: it specifies the minimum amount of time required between consecutive sendings of N3106 RLC data blocks. T3212 could take a specific value which means that an acknowledgement has to be received from the peer entity (in that case, it is like LAPDm). T3212 could alternatively take any other value.

The value of those parameters could be negotiated at the establishment of the layer 2 link between the two entities. The value could also be broadcast on broadcast control channels. As a last option, the value may be fixed in the protocol specification.

Note 1: Since the RLC behaviour when carrying signalling messages over FACCH should be the same irrespective of whether the transmitter is the mobile station or the network, two names for each parameter (one on the network side, one on the mobile station side) should not be required. However, if it is felt desirable for consistency, the parameters presented above could apply on the mobile station side and T3197 = T3212, N3107 = N3106 can be introduced on the network side.

Note 2: this solution allows decorrelating the transfer performance aspects from the window handling. Indeed, the window size can remain large while ensuring a swift transfer of the messages. The acknowledgements will allow moving the transmit window forward.

Value of N3106 and T3212

How to determine such values would depend on the results of simulations which assess the quality degradation of the real-time flow which is muted by the sending of RLC data blocks carrying layer 3 messages. For a voice call, the speech quality degradation may depend on the codec type, the codec mode, the codec rate (full-rate, half-rate, quarter-rate (FFS)), the simulation environment (propagation channel, interferers, frequency hopping, etc), the value of N3106, T3212 and the frequency and size of layer 3 messages to send.

Note that N3106 can probably be greater than 1 (case for LAPDm) since more robust codecs are now available and they are able to better recover from mutings. Note also that when new codecs are introduced, new values of N3106 and T3212 can be defined for those codecs. Therefore such an optimisation of the stealing mechanism is forward compatible and would allow taking advantage of the introduction of more robust codecs for speeding up the signalling message transfer.

Signalling message sending time

With this solution the sending time is therefore reduced to, at best:

· ((n-1) div N3106FR)*(N3106FR *20 msec + T3212FR) + (n – N3106FR *((n-1) div N3106FR))*20 msec + round trip delay + 20 msec for a full-rate speech call,

· ((n-1) div N3106HR)*(N3106HR *40 msec + T3212HR) + (n – N3106HR *((n-1) div N3106HR))*40 msec + round trip delay + 40 msec for a half-rate speech call.

assuming there is no stalling window condition, which will typically be the case if the window size remains greater than the maximum higher layer message length or acknowledgements are received frequently enough to move the transmit window.

Note: the last round-trip delay is required to receive acknowledgement of the whole transfer.

N3106 equals N, i.e. the transmit window size, of solution 1. The gain here is in terms of T3212 between consecutive sendings, instead of (round-trip delay+20 or 40 msec). Additionally, the muting percentage is fixed , sufficiently low to guarantee a reasonable speech quality degradation and sufficiently high to allow a fast higher layer message transfer.

Comparison in signalling message transfer time

In order to understand the real benefits of solution 2, it is worth comparing the signalling message transfer time of higher layer messages depending on their size and on the round-trip delay. The following assumptions are made:

· no loss on the radio

· all RLC blocks are acknowledged correctly by the receiver

· coding scheme: CS-1 (23 octets per FACCH available)

· 3 octet header (address, control, length) based on typical I frame header in LAPDm when the layer 3 message is segmented

· NFR (solution 1) = N3106FR (solution 2) = 2 and NHR (solution 1) = N3106HR (solution 2) = 1

· T3212FR = T3212HR = 100 msec

We have:
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Figure 3: Comparison of signalling message transfer time in full-rate
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Figure 4: Comparison of signalling message transfer time in half-rate

Obviously, the transfer time in solution 2 is worse than the one in solution 1 when the round-trip delay is shorter than T3212. On the other hand, it can be noticed that in such scenarios the maximum time percentage of muting is very high.

Proposed simulations

Given the potential benefits of solution 2, it is proposed that a set of simulations be run by interested companies in order to determine acceptable values of T3212 and N3106. Those simulations may lead to concluding that solution 1 is enough actually.

The proposed assumptions are the following:

· Radio environment: TU3iFH

· C/I = 9dB

· Voice codec: AMR Narrowband

· Voice channel: TCH Full Rate on GMSK (for half-rate, T3212 can be the same and N3106 divided by two – further simulations for half-rate can be run later)

· T3212 = 100, 160 or 220 msec (solution 1 results are automatically available for round-trip delay = T3212 – 20 msec)

· Message length/sending rate: 20 octets, 60 octets or 120 octets every 5 seconds

It is proposed that for each of those, a voice quality metrics be provided vs N3106 (e.g. ITU P.861). Depending on the results and how solution 2 compares wrt solution 1, a decision can be taken or not to adopt solution 2 for signalling message transport over voice in GERAN Iu mode. Depending on the early simulation results, the number of configurations required to be simulated may vary. Alcatel are open to other companies’ suggestions for the choice of those assumptions.
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				<= 20 octets		1		120		180		260		330		120		180		260		330		120		180		260		330

				> 20 octets and <= 40 octets		2		240		360		520		660		240		360		520		660		260		320		400		470

				> 40 octets and <= 60 octets		3		360		540		780		990		360		540		780		990		400		460		540		610

				> 60 octets and <= 80 octets		4		480		720		1040		1320		480		720		1040		1320		540		600		680		750

				> 80 octets and <= 100 octets		5		600		900		1300		1650		600		900		1300		1650		680		740		820		890

				> 100 octets and <= 120 octets		6		720		1080		1560		1980		720		1080		1560		1980		820		880		960		1030

				> 120 octets and <= 140 octets		7		840		1260		1820		2310		840		1260		1820		2310		960		1020		1100		1170

				> 200 octets and <= 220 octets		11		1320		1980		2860		3630		1320		1980		2860		3630		1520		1580		1660		1730

				> 280 octets and <= 300 octets		15		1800		2700		3900		4950		1800		2700		3900		4950		2080		2140		2220		2290

				Maximum muting time:				40								40								40

				Maximum muting percentage:				0.3333333333		0.2222222222		0.1538461538		0.1212121212		0.3333333333		0.2222222222		0.1538461538		0.1212121212		0.2857142857		0.2857142857		0.2857142857		0.2857142857
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