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Optimisation of LLC and SNDCP headers for support of VoIP in enhanced A/Gb mode

1 Introduction

Efficient support of voice (conversational QoS class) over the packet switched domain requires that the protocol overhead is reduced. The issue has been discussed in [1] and [2] and was at GERAN #10 identified as one of the prioritised issues for the feasibility study for enhanced A/Gb mode [3]. The present document analyses possible optimisations of the SNDCP and LLC protocol layers. New optimised PDU formats are proposed. It is shown that without changing the functional distribution between the layers a substantial reduction of overhead can still be achieved.

In the case the network has knowledge that the transported payload is IP voice
 the new optimised PDU formats proposed for SNDCP and LLC can be used. The optimisations are in this case possible due to the fact that the application will generate IP packets with certain characteristics (e.g. small packets at a regular interval). It is assumed that a connection using reserved resources is established between the MS and NW before the transfer starts. This means that when a conversational service is realised using the optimised SNDCP and LLC PDU formats it is required that there is a direct logical connection between the physical Um resource, PFI, SAPI, N-SAPI and PDP context. This direct logical connection is also used as support for other features such as handover. This use of reserved resources makes it possible to use SNDCP and LLC in non-backwards compatible way (i.e. the new optimised PDU formats proposed for SNDCP and LLC).

2 SNDCP header

2.1 SNDCP functions

The table below summarises the functions of the current (Rel-5) SNDCP layer [4]. For each function the applicability for the optimised frame format is commented.

Table 1: SNDCP functions. See Ref [4] section 5.2.

	SNDCP function
	Bits in SNDCP header needed for the function
	Function supported by the optimised frame format

	Mapping of SN-DATA and SN-UNITDATA primitives onto LL-DATA and LL-UNITDATA primitives.
	T
	This function is unchanged. New primitives for conversational data are defined.

	Multiplexing of N-PDUs from one or several network layer entities onto the appropriate LLC connection.
	NSAPI
	For an optimised conversational realisation there is a one-to-one relation between NSAPI and SAPI which means that there is no need for multiplexing of flows from different NSAPIs to one SAPI.

	Establishment, re-establishment and release of acknowledged peer-to-peer LLC operation.
	n/a
	This function is unchanged. However, acknowledged LLC operation is not used for conversational data. 

	Supplementing the LLC layer in maintaining data integrity for acknowledged peer-to-peer LLC operation by buffering and retransmission of N-PDUs.
	n/a
	Only applicable in acknowledged mode. Not supported for the new PDU format.

	Management of delivery sequence for each NSAPI, independently.
	N-PDU number
	Not supported for the new PDU format. The N-PDUs are delivered in the order they are received (LLC and RLC operates in unacknowledged mode).

	Compression of redundant protocol control information (e.g. TCP/IP header).
	PCOMP
	As an addition to the available compression methods SNDCP will be updated to include ROHC.

	Compression of redundant user data.
	DCOMP
	Compression of user data will not be supported in the new mode of operation.

	Segmentation and reassembly.
	F, M
	Segmentation and reassembly will not be supported in the new mode of operation.

	Negotiation of the XID parameters between peer SNDCP entities.
	n/a
	This function is unchanged. However does not introduce any SNDCP overhead. See also Ref. [8]. 


2.2 Present PDU format (SN-UNITDATA)

For SNDCP acknowledged and un-acknowledged mode the transmission of N-PDUs is defined. The SN-DATA PDU is used in acknowledged mode and the SN-UNITDATA PDU in un-acknowledged mode. The IP voice service will only use un-acknowledged mode and hence this section analyses each field of the SN-UNITDATA PDU header. 
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Figure 1: SN‑UNITDATA PDU format

More bit (M): Used to indicate if the SN-PDU contains the last segment of a segmented N-PDU. For conversational data this bit is not needed since segmentation shall not be supported.

SN-PDU Type (T): Indicates if the PDU is an SN-DATA or an SN-UNITDATA PDU. Not needed for conversational data.

First segment indicator bit (F): Used to indicate if the SN-PDU is the first segment of an N-PDU. For conversational data this bit is not needed since segmentation shall not be supported.

Spare bit (X): Shall be set to 0 by the transmitting SNDCP entity and ignored by the receiving SNDCP entity. Not needed for conversational data.

NSAPI (4 bits): The NSAPI is an index to the PDP context. Not needed for conversational data. As there is a fixed relation between the dedicated radio resource for this user, the PFI, the SAPI and the NSAPI both in the MS and in the network it is enough to only transfer the PFI value as an address over the radio path (i.e. when allocating the dedicated radio resource) and the Gb interface (BSSGP) and let the receiving side associate the PFI with NSAPI.

Data compression coding (DCOMP 4 bits): Indicates if data compression coding is applied by pointing to the dynamically negotiated data compression identifier. Not needed for conversational data.

Protocol control information compression coding (PCOMP 4 bits): Indicates if protocol compression coding is applied by pointing to the dynamically negotiated protocol compression identifier. May be needed for conversational class service if it shall be allowed to identify different types of header compression protocols, different header compression protocol packet types within a header compression protocol, and different contexts for a header compression protocol in the SNDCP header. For PDCP (PDCP Data PDU) this is indicated in the 5 bits PID field [6].

ROHC is a header compression protocol that does not require link level identification of the HC packet format. If we assume that only ROHC will be used with this new PDU format it is possible to remove the PCOMP field and have SNDCP configured to implicitly include the ROHC functions at connection establishment (i.e. when allocating the dedicated radio resource).

Note:
The PID field in PDCP is used partly to identify different compression protocols but also to identify different ROHC contexts (CID). The CID information can also be carried in the compressed RTP/UDP/IP header (PDCP payload). If we assume that there is only one RTP/UDP/IP stream associated with each instance of SNDCP the CID information in the compressed header is not needed (a 0-octet-CID is specified in RFC3095).

Segment number (4 bits): Sequence number for segments carrying an N-PDU. Not needed for conversational data since segmentation shall not be supported.

N-PDU number (12 bits): In unacknowledged mode the N-PDU number is used by the SNDCP entity to discard duplicate PDUs and, if possible, re-arrange out-of-order PDUs. For conversational data the N-PDU number is not needed. 

The current total SN-UNITDATA PDU header is 32 bits.

2.3 Optimised SNDCP PDU format (SN-CONVERSATIONALDATA)

Given the analysis in the previous section a new SNDCP PDU format is proposed (the name SN-CONVERSATIONALDATA was suggested in [2]). The proposed header of the SN-CONVERSATIONALDATA PDU contains at most only the 4 bit PCOMP field (but this too may possibly be removed to provide zero length overhead for optimised SNDCP PDUs).

Note that today LLC provides only an octet-aligned service to layer 3 (SNDCP). LLC requires that information exchanged with layer 3 contains an integral number of octets. If a 4 bit SNDCP header (consisting of PCOMP) is used it is here assumed that it is possible to remove this octet alignment requirement for the LLC and SNDCP entities operating using the new PDU formats. If this is not the case the new PDU header will be one octet (4 spare bits).

3 LLC header

3.1 LLC functions

The table below summarises the functions of the current (Rel-5) LLC layer [5]. For each function the applicability for the optimised frame format is commented.

Table 2: LLC functions. See Ref [7] section 12.2.3.

	LLC function
	Bits in LLC header needed for the function
	Function supported by the optimised  frame format

	Service primitives allowing the transfer of SNDCP PDUs between the SNDCP and the LLC layer.
	SAPI
	This function is unchanged. The LLC SAPI values allocated for conversational data can either be new predefined (today undefined) or flexibly allocated among the SAPI values already specified. The SAPI values have only local significance i.e. they are not transferred over the air interface in the new mode of operation.

	Procedures for transferring LL-PDUs between the MS and SGSN, including:

· Procedures for unacknowledged delivery of LL-PDUs between the MS and the SGSN; and

· Procedures for acknowledged, reliable delivery of LL-PDUs between the MS and the SGSN.
	n/a
	Only unacknowledged transfer will be supported with the new frame format.

	Procedures for detecting and recovering from lost or corrupted LL-PDUs
	FCS
	No recovering from lost or corrupted PDUs will be supported with the new frame format. Detection of corrupted PDUs might be needed depending on the QoS requirement for residual bit error rate. If no error detection on LLC level is needed the FCS field can be removed.

	Procedures for flow control of LL-PDUs between the MS and the SGSN
	n/a
	Flow control of LL-PDUs is currently not supported by the UI frame format and will not be supported in the new mode of operation. 

	Procedures for ciphering of LL-PDUs. The procedures are applicable to both unacknowledged and acknowledged LL-PDU delivery.
	N(U), E
	Ciphering is assumed to be unchanged in LLC.




3.2 LLC Frame format

The LLC frame consists of an Address field, a Control field, an Information field and a Frame Check Sequence field. There are four different frames defined: Information transfer format (I), Supervisory format (S), Unconfirmed Information format (UI), and Unnumbered format (U). UI frames are used in un-unacknowledged mode. For data transfer for conversational service only an un-acknowledged frame format is needed. The UI frame contains, however, some bits that are not needed in a realisation optimised for a voice service. A new frame format is therefore specified.
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Figure 2: LLC frame format

3.3 Address field
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Figure 3: Address field format

Protocol discriminator (PD 1 bit): The PD bit indicates whether a frame is an LLC frame or belongs to a different protocol. For the new PDU format it assumed that a bit is needed to separate frames containing user payload from LLC signalling e.g. using existing LLC header. In the rest of this document only the user payload format for conversational data is discussed. The frame format for control information is for further study.

Command Response (C/R 1 bit): The C/R bit identifies a frame as either a command or a response. Not needed for conversational data.

Spare bits (X 2 bits): Not needed for conversational data.

SAPI (4 bits): SAPI identifies a point at which LLC services are provided to the higher layer. As there is a fixed relation between the dedicated radio resource for this user, the PFI, the SAPI and the NSAPI both in the MS and in the network it is enough to only transfer the PFI value as address over the radio path (i.e. when allocating the dedicated radio resource) and the Gb interface (BSSGP) and let the receiving side associate the PFI with SAPI. Since there is a PFI associated with every possible user of LLC then we don’t need an explicit SAPI field.

3.4 Control field
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Figure 4: Control field format

The control field for the UI format contains:

Spare bits (X 2 bits): Not needed.

Transmitter unconfirmed sequence number (N(U) 9 bits): Used to generate the frame dependent input to the ciphering algorithm. Needed for conversational data as ciphering is proposed to be kept at LLC level.The overhead introduced by SNDCP/LLC is still acceptable.

Encryption function bit (E 1 bit): The E bit is used to indicate whether the information and FCS fields of the UI frame are encrypted (ciphered).  This function is unchanged in the conversational mode of operation and the E bit is proposed to be included also in the optimised PDU format.

Protected mode bit (PM 1 bit): Indicates if the 3 octets FCS protects the whole PDU (protected mode) or only the header and first N202 octets of the information field (unprotected mode). The proposal is that this bit is not included in the optimised PDU format. 

3.5 Frame Check Sequence (FCS)

FCS (24 bits): The FCS field consists of a 24 bit cyclic redundancy check (CRC) code. The CRC-24 is used to detect bit errors in the frame header and information fields. The current assumption is that FCS field is not needed for conversational data. In the case the FCS field is removed for conversational data we rely on the CRC in the physical layer (16 bits for GPRS, 12 bits for EGPRS, and X bits for FLO) for error detection. This is also current situation in GERAN Iu mode. PDCP has no extra checksum for error detection. Since there is one bit availible in the preferred PDU format (option 2 below) one possible alternative is to use this bit to indicate that a FCS field is present. This field would only be present in the header if the bit is set.

3.6 Optimised LLC-PDU format

Two options for an optimised LLC-PDU format are considered.

3.6.1 Option 1

Ciphering in LLC, FCS unchanged: PD+N(U)+E+FCS = 35 bits. 

3.6.2 Option 2

Ciphering in LLC, FCS removed: PD+N(U)+E = 11 bits. 

4 Conclusion

In the table below the total overhead (SNDCP+LLC) is shown for different options.

Table 3: Summary of the different options for optimised SNDCP and LLC frame formats.

	Option
	
	SNDCP
	LLC
	Total

	
	Current
	32
	48
	80 (10 octets)

	1
	Ciphering in LLC, FCS unchanged
	4
	35
	39 (4 7/8 octets)

	2
	Ciphering in LLC, FCS removed
	4
	11
	15 (1 7/8 octet)


It is argued that option 2 is the most reasonable. In this way the functional distribution between the layers is not changed but a substantial reduction of overhead is achieved.

As shown above 15 bits are needed in this option. The total SNDCP and LLC headers will then be 2 octets.

In reference [9] it has been shown that the performance of a 2 octet overhead is not significantly lower than the 1 octet of PDCP. We therefore consider that the open issue nr 4 in ref. [1] can be closed.
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�Speech is probably the primary application that will be realised using the optimised PDU formats. It shall, however, not be ruled out that other applications with similar characteristics also can be realised in the same way.
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