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1. Introduction

RTP packets sent over GPRS/EDGE will experience a rather high level of overhead provided by lower layers as can be seen in Table 1 below where each RTP frame contains 20 ms of speech.

	1 RTP frame = 1 Speech frame
	 Bit Count

	Speech data
	159 bit

	ToC+CMR 
	10 bit

	Padding
	7 bit

	Total AMR data
	176 bit

	Average compressed RTP/UDP/IPv6 header / Typical ROHC Initialization header for RTP/UDP/IPv6 
	4*8 bit  /  66*8 bit

	LLC+SNDCP header
	10*8 bit

	Total bits per SDU: Average / ROHC initialization packet 
	288 / 784 bit


Table 1: SDU Packet size for AMR 7.95 

For VoIP supported using GPRS/EDGE one RTP frame will always be carried within a single SNDCP PDU (SN-UNITDATA PDU) which is then carried within a single LLC PDU (UI Frame) since UI Frames may be as long as 1520 octets. In light of the 80 bits of overhead currently required by an SN-UNITDATA PDU together with a UI Frame, an attempt is made to identify optimisations that can be made to reduce the combined overhead of these two layers.

2. LLC Header Optimisations
From 44.064 the header portion of a UI Frame is defined to be 6 octets long (including the Frame Check Sequence) as can be seen in Table 2 below.

	Bit
	8
	7
	6
	5
	4
	3
	2
	1

	Oct 1
	PD
	C/R
	X
	X
	SAPI

	2
	1
	1
	0
	X
	X
	N(U)

	3
	N(U)
	E
	PM

	4
	Information Field

	…
	Information Field

	N
	Information Field

	N+1
	Frame Check Sequence

	N+2
	Frame Check Sequence

	N+3
	Frame Check Sequence


Table 2 – Existing UI Frame
Since for VoIP one RTP frame will always be carried within a single LLC PDU (UI Frame) and LLC unacknowledged mode will be used the following simplifications could be made to an UI Frame:

· There is a 1 to 1 mapping between PFI - SAPI - NSAPI for the case of PDP Contexts that support conversational service such as VoIP (i.e. SAPI sharing and PFC aggregation will not be used for conversational services). 

· Upon receiving an uplink LLC PDU on a TBF supporting a conversational service the BSS can ensure that the optional PFI field in the header of a BSSGP PDU (i.e. an UL-UNITDATA PDU) is always included along with the LLC PDU it sends to the SGSN. 
· The LLC entity at the SGSN would then, upon receiving an optimized UI frame, simply translate its associated PFI into its corresponding SAPI. 

· For the downlink case the same solution applies – upon receiving an optimized downlink LLC PDU LLC translates its associated PFI into its corresponding SAPI. As such, the SAPI field need not be included at all within the header of an optimized UI frame.

· Bits 8, 7 and 6 of octet 2 are not needed as a “1” in bit 8 of octet 1 is sufficient to provide a unique way of identifying an optimized UI Frame.

· Unconfirmed sequence number N(U) is needed since it serves as the 9 bit LFN input to the LLC based ciphering/deciphering algorithm. Since each UI Frame corresponds to a single SN-UNITDATA PDU this sequence number is sufficient to maintain knowledge of the correct ordering of N-PDUs (i.e. the N‑PDU number - unacknowledged mode field becomes logically redundant at the SNDCP layer and is therefore not needed).
· If we were to consider the FCS field being removed from a UI Frame then the following can be said bit error detection at the RLC layer:

· Under poor radio conditions combined with typical ROHC Initialization header sizes for RTP/UDP/IPv6 (i.e. the worst case scenario) we will need about 5 RLC data blocks to carry 800 bits of higher layer payload (RTP/UDP/IP/SNDCP/LLC). 
· MCS-1 has a CRC length of 12 bits so the probability of an undetected error in one RLC data block is approximately 2-12 (i.e. the probability of a detected error in one RLC data block is approximately 1 - 2-12).

· The probability of detecting all errors in 5 RLC data blocks is approximately (1 - 2-12)5 which means that the probability of not detecting all errors in 5 RLC data blocks is approximately 1- [(1 - 2-12)5] = .0012.

· This is the worst case scenario assuming that there actually were errors in all 5 RLC data blocks. It would be more realistic to assume some block error rate <100% for the RLC data blocks used to send a single RTP frame.

· There is a 16 bit checksum at the IP layer covering only the IP header and a 16 bit checksum at the UDP covering both UDP header and payload. However, the LLC and SNDCP headers will be 100% reliant on the RLC data block CRC to ensure their integrity. 

· As such, if the FCS field is not present in a UI Frame a probability of undetected errors of about 0.1% would exist for the LLC and SNDCP headers. 

· This is small enough to justify the complete removal of FCS for an optimized UI frame. As such, this would also mean that there is no need for the PM field within the optimized UI frame.

With all of these potential simplifications taken into account the UI Frame can be optimized for VoIP service as shown in Table 3 below.

	Bit
	8
	7
	6
	5
	4
	3
	2
	1

	Oct 1
	1
	C/R
	X
	X
	X
	(NU)

	2
	N(U)
	E
	X

	3
	Information Field (SN-UNITDATA PDU)

	…
	Information Field (SN-UNITDATA PDU)

	N
	Information Field (SN-UNITDATA PDU)


Table 3 – Optimized UI Frame
· Command/Response bit (C/R) - as per legacy UI Frame.
· X = Spare.
· Unconfirmed sequence number N(U) - as per legacy UI Frame.
· Encryption mode bit (E) - as per legacy UI Frame except that FCS is never present and therefore can never be ciphered.

3. Conclusion
LLC header optimisations allow for one or four octets of a UI Frame header to be removed without any practical loss of functionality. This LLC header optimisation along with a corresponding SNDCP header optimisation reduces the combined SNDCP/LLC header from 10 octets to 3 octets which translate to a 19 % reduction in the overall SDU packet size described in Table 1. It is therefore proposed that in the interest of enhancing VoIP support over GPRS/EDGE, this optimized form of a UI Frame be supported within the LLC specification.

