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Further Reductions to LLC and SNDCP overhead

1
Introduction

At the last meeting there were two aligning proposals [1], [2] on the modifications required to LLC and SNDCP headers to reduce the overhead while maintaining functionality.  

Also at the meeting it was proposed that a number of the fields in the LLC header may not be needed, since the value of that field would not change over the lifetime of the “call”.  This proposal examines the concept, focussing on the feasibility of reducing the header further by means of pre-negotiation of parameters.

This paper is presented for information and discussion.

2
Agreement from GERAN #11bis

At GERAN WG2 #11 bis the two contributions regarding LLC and SNDCP header reductions agreed on the following format for conversational LLC (Figure 1) which was duly introduced into the feasibility study.
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Figure 1:  Reduced header for LLC/SNDCP

The definition of the various fields are:

· PD bit is kept as an escape bit.
· E bit indicates use of ciphering.

· S(n) is sequence number.

· PCOMP indicates header compression.

· PM bit indicates use of FCS in LLC (ffs).

· FCS (if agreed) will be used as is currently specified and be 3 octets in length.

It was commented that the PCOMP field will not change throughout the lifetime of a VoIP call, and that it and some other fields could be pre-negotiated removing the need for indication during a call (E and PM bits), reducing the header more and hence increasing the spectral efficiency of evolved Gb conversational class traffic.

3
Pre-negotiation concept

Pre-negotiation of LLC settings works based on one main assumption:

· that once negotiated, the value of each parameter does not change

For example, once the use of ciphering has been negotiated, all LLC data frames for the duration of the call will be ciphered.  

If we accept this as a working assumption for conversational LLC, then it should be possible, through pre-negotiation of parameters at e.g. XID negotiation, to reduce the LLC overhead by at least 6 bits (PM, E and PCOMP fields).

The removal of the PCOMP field however places the restriction that only a single compression/decompression entity may be present in SNDCP for conversational class of service.  This means that if the user has two conversational PS calls ongoing at once, it will be necessary to use the mechanism provided in ROHC to multiplex the two flows onto a single eGb bearer (CID field).

The pre-negotiation can take place during both the PDP context activation and the XID-negotiation at call setup.

In the current activate PDP context request procedure, the MS indicates the format of LLC that it requires (ack/unack) and protected or unprotected status.  With the use of some of the spare bits in the QoS field in the Activate PDP Context Request message, the MS is able to indicate the use (or not) of the FCS field, and the conversational LLC format.

Within XID negotiation, it will be possible to append a new field to the list of negotiated parameters that indicates whether the call will be ciphered or not.  It is at this stage that the header compression mechanism is negotiated, and it can be reasonably expected that this will not change during the lifetime of the call.

This leaves us with the following fields in the reduced LLC header:

· PD bit, kept as an escape bit

· S(n) field.  Used as an input to the ciphering algorithm

Since the overall header must be octet aligned to reduce impact upon current implementation, no benefit is gained unless a full octet is removed from the header.

As noted in [2, 3], a reduction in the length of the S(n) field can be performed with no impact on the security of the system, since the OC (overflow counter) can be increased in length to match the reduction of S(n).  However, the reduction of S(n) does lead to an increased risk of synchronisation loss between the two ciphering entities.  

The associated risk with a reduction of sequence number is outlined in [3], and states that ciphering desynchronisation can occur when LLC frames are lost for 2n x 20ms seconds where n is the length of the sequence number.
	Length of sequence number (bits)
	Tolerance to synchronisation loss (seconds)

	9
	10.24

	8
	5.12

	7
	2.56


Table 1 

Since the maximum service interruption time (and hence lost LLC frames at handover) is 150ms (7 LLC frames), this is not considered a major contributing factor to the risk of desynchronisation.  
Whether the S(n) can be reduced by 2 bits, and the OC increased by the corresponding amount is ffs.

The introduction of a reduced sequence number may increase the number of desynchronisation events.  It is ffs whether a new synchronisation refresh event can be introduced in order to overcome this problem.  However, it is unclear whether the added complexity introduced by this proposal offers a significant enough benefit to support such an optimisation.

Conclusion 

This paper presents the options available for reduction of the combined LLC and SNDCP header to a single octet.  However, it should be noted that there are a significant number of technical obstacles (such as sequence number de-synchronisation) to be overcome if this solution is to be accepted.

The proposed format reduces the LLC frame to 1 octet (Figure 2) and removes the need for anything to be indicated in the SNDCP header.  Note that this is not a transparent SNDCP, since functions such as header compression are still performed, but there is no need to indicate the header compression format in the SNDCP header.
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Figure 2:  Reduced LLC header if pre-negotiation is used at call setup

It also removes the objections that the octet alignment of both LLC and SNDCP should be maintained, since the LLC header shown in Figure 2 is octet aligned.

Thus, the reduced header sizes for conversational LLC would be as follows (also compare with the PDCP header size):

	
	With FCS
	No FCS

	Conversational LLC (no pre-negotiation)
	5
	2

	Conversational LLC (pre-negotiation)
	4
	1

	PDCP
	-
	1


Note that the LLC header size with pre-negotiation and no FCS (expected case for VoIP) is the same as the size of the PDCP header.
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Annexe A – Conversational eGb bearer concept for voice and/or video over IP

Figure 3 and Figure 4 show two different options for multiplexing voice and video over IP when using conversational LLC.   Figure 3 shows the mechanisms when multiplexing the two different flows at PFC level (i.e. separate LLC and SNDCP SAPIs) and figure 4 shows how they will be multiplexed at ROHC.  It is not proposed to choose either case as preferred, since there will be different circumstances when each will be applicable.  

While the example of voice and video is used, this is not done to show any special handling of this case, and any two conversational bearers can be handled in the ways shown below, either multiplexed at the SNDCP within ROHC or a the BSSGP.  Also, the mechanisms shown in Figure 4 apply for a single conversational flow, it is sufficient to simply remove one of the feeds in at SNDCP.

The information in this annexe is provided for information only.


[image: image3.wmf]BSSGP

BSSGP

RLC/MAC

RLC/MAC

N-SAPI (8 and 10)

LLC SAPI (3 and 7)

PFC's

LLC

LLC

Shown here is the mutiplexing done

at BSSGP level, two separate

streams are maintained through

SNDCP, LLC and BSSGP.  Each

PFC is identified by an individual

PFI, related to a TFI in the BSC and

hence a TBF.

Other QoS class PFCs (e.g.

interactive/background) .

Handling is unchanged.

TFI's

Relay function

Separate conversational

flows will (probably) use

separate TBFs on

dedicated channels.

LLC SAPI (3 and 7)

N-SAPI (8 and 10)

Other QoS classes will be

multiplexed onto one or

more TBFs (with the

addition of mTBFs)

IP voice

IP video

-

The one to one mapping between N-SAPI's, SAPI's and PFI's is

established at PDP context activation and allows the use of the

reduced header proposed at GERAN #11 bis.

-

The flow between an MS and SGSN is identified by the PFI, which

allows the receiving entity (BSSGP or RLC) to direct the LLC PDU to

the correct LLC SAPI without an explicit reference to it.

-

The two streams (voice and video) are multiplexed at BSSGP using

different PFCs.  The two streams use the separate N-SAPI, SAPI and

PFI.  The two streams are distinguishable all the way through GERAN

and hence each stream (voice and video) can use PFCs, TBFs and

LLC settings appropriate to the QoS class

IP video

IP voice

SNDCP

SNDCP

The Relay function provides

the mapping between PFI

and TFI which maintains

the bearer connection

across the GERAN


Figure 3:  Architecture diagram for eGb conversational RAB with voice and video multiplexed at the PFC level
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Figure 4:  Architecture diagram for eGb conversational RAB with voice and video multiplexed at ROHC
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