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VoIP over Evolved Gb

1. Introduction

When assessing the feasibility of an Evolved Gb interface for the support of Conversational services, it is also important to have an idea of the link level performance such a solution would provide compared to the existing Iu. The purpose of this contribution is to compare the performance of VoIP over Iu with the one over a potential evolved Gb.

2. Overhead

In order to evaluate the performance of conversational services in general and VoIP in particular the overhead that is introduced on each layer of the radio protocol stack must be assessed for both modes of operation.

2.1 Iu mode

In Iu mode, the radio protocol stack exists and it is straightforward to assess the overhead introduced (see Table 1). The PDCP introduces a 1-byte header. For ROHC it is assumed that the average compressed RTP/UDP/IP header is 3.5 bytes long. For conversational services on FLO channels, the RLC layer is assumed to be transparent (zero byte header) and the MAC to be dedicated (zero byte header assumed). Thus in total a 36 bits overhead is introduced for VoIP on RLC/MAC, ROHC & PDCP layers on FLO channels. On EGPRS channels, the existing 3 bytes header is used for a total of 60 bits.

Table 1. Overhead in Iu mode
	Channels
	EGPRS
	FLO

	ROHC
	28
	28

	PDCP
	8
	8

	RLC/MAC
	24
	0

	Total
	60 bits
	36 bits


2.2 A/Gb mode

In A/Gb mode, the radio protocol stack also exists but it has more overhead making conversational services less efficient without some modifications. For instance it typically introduces a total overhead of 108 bits for each VoIP packet (see case A in Table 3). In [1], several changes to the Gb interface  (of which the degree of feasibility varies a lot) were presented. The corresponding overheads are summarized in Table 3 and Table 4 below. Assumptions related to ROHC, RLC and MAC are the same as for Iu mode.

Note that further modifications of LLC/SNDCP overhead have been mentioned (i.e. removal of NSAPI/SAPI) and they are not included here due to suspected major architectural impact.

Table 2. Overhead in A/Gb mode on EGPRS channels
	Case
	A
	B
	C
	D
	E

	Description
	Current situation
	Ciphering on LLC
FCS 24 bits
	No ciphering on LLC
FCS 24 bits
	Ciphering on LLC
No FCS on LLC
	No ciphering on LLC
No FCS on LLC

	SNDCP
	32
	8
	8
	8
	8

	LLC
	48
	43
	33
	18
	8

	ROHC
	28
	28
	28
	28
	28

	RLC/MAC
	24
	24
	24
	24
	24

	Total
	132 bits
	103 bits
	93 bits
	78 bits
	68 bits


Table 3. Overhead in A/Gb mode on FLO channels
	Case
	A
	B
	C
	D
	E

	Description
	Current situation
	Ciphering on LLC
FCS 24 bits
	No ciphering on LLC
FCS 24 bits
	Ciphering on LLC
No FCS on LLC
	No ciphering on LLC
No FCS on LLC

	SNDCP
	32
	8
	8
	8
	8

	LLC
	48
	43
	33
	18
	8

	ROHC
	28
	28
	28
	28
	28

	RLC/MAC
	0
	0
	0
	0
	0

	Total
	108 bits
	79 bits
	69 bits
	54 bits
	44 bits


2.3 VoIP

In order to compare the performance of VoIP in A/Gb and Iu mode, three AMR codec modes are selected: 12.2, 7.4 and 4.75 kbit/s. The amount of bits to be transmitted at RLC layer is summarized in Table 4 below. It can be seen that the amount of bits to be transmitted is always higher in the A/Gb mode than in the Iu mode. 

Table 4. Packet sizes for VoIP at RLC layer
	AMR
	raw data
	Iu mode
	Enhanced Gb

	
	
	
	A
	B
	C
	D
	E

	12.2 kbit/s
	244
	280
	352
	323
	313
	298
	288

	7.4 kbit/s
	148
	184
	256
	227
	217
	202
	192

	4.75 kbit/s
	95
	131
	203
	174
	164
	149
	139


3. EGPRS Channels

Table 5 lists the MCS that are used for the transmission of the VoIP packets defined in Table 4. Note that one byte of the MCS payload is removed due to delimitation of upper layer PDUs within RLC PDUs.

Table 5. MCS for VoIP
	AMR
	Iu mode
	Enhanced Gb

	
	
	A
	B
	C
	D
	E

	12.2 kbit/s
	MCS-3
	x
	MCS-4
	MCS-4
	MCS-4
	MCS-3

	7.4 kbit/s
	MCS-2
	MCS-3
	MCS-3
	MCS-3
	MCS-2
	MCS-2

	4.75 kbit/s
	MCS-1
	MCS-2
	MCS-2
	MCS-1
	MCS-1
	MCS-1


Simulations of MCS-1, 2, 3 and 4 were run in TU3iFH over 20000 frames and impairments were included. Table 6 summarizes the link level performance (available in Annex A). When ciphering is kept on LLC (scenarios A, B and D), an important loss occurs: up to 5.5dB. In order to reach similar performance as in Iu mode, FCS needs to be removed from PDCP and ciphering needs to be removed from LLC. The later one could trigger major architectural impacts.

Table 6. Performance of VoIP over MCS
C/Ico at 1% of BLER (TU3iFH - 900MHz)
	AMR
	Iu mode
	Enhanced Gb

	
	
	A
	B
	C
	D
	E

	12.2 kbit/s
	19.5
	X
	+5.5
	+5.5
	+5.5
	+0.0

	7.4 kbit/s
	14.0
	+5.5
	+5.5
	+5.5
	+0.0
	+0.0

	4.75 kbit/s
	11.0
	+3.0
	+3.0
	+0.0
	+0.0
	+0.0


4. FLO Channels

Simulations were run in TU3iFH at 900Mhz over 20000 frames always. Error detection was provided by a 12 bits CRC, attached to every data block (see Table 4 since the RLC/MAC header is here assumed to be 0 byte long). A mother code of 1/3 was used. The interleaving was performed diagonally over 8 bursts. The TFCI was 4 bits long and encoded to 28 bits. Table 7 summarizes the link level performance (available in Annex B) and Table 8 presents an estimate of the corresponding capacity losses [2].

Table 7. Performance of VoIP over FLO
C/Ico at 1% of BLER (TU3iFH - 900MHz)
	AMR
	Iu mode
	Enhanced Gb

	
	
	A
	B
	C
	D
	E

	12.2 kbit/s
	12.6
	+4.8
	+2.5
	+2.0
	+1.6
	+0.5

	7.4 kbit/s
	8.3
	+3.3
	+1.9
	+1.4
	+0.5
	+0.3

	4.75 kbit/s
	6.0
	+2.9
	+1.8
	+1.4
	+0.7
	+0.3


Table 8. Capacity loss for VoIP over FLO over Gb
compared to Iu (TCH carrier with PC, DTX and FH)
	AMR
	Iu mode
	Enhanced Gb

	
	
	A
	B
	C
	D
	E

	12.2 kbit/s
	1
	-63%
	-46%
	-41%
	-35%
	-13%

	7.4 kbit/s
	1
	-54%
	-40%
	-32%
	-13%
	-8%

	4.75 kbit/s
	1
	-50%
	-38%
	-32%
	-18%
	-8%


As for GPRS channels, when ciphering is kept on LLC (scenarios A, B and D), an important loss occurs. Even when ciphering is removed from LLC and FCS from PDCP (scenario E), some loss remains. Besides it is not clear how and if the FLO will be supported for Gb.

5. Conclusion

When assessing the feasibility of an Evolved Gb interface for the support of Conversational services, it is also important to have an idea of the link level performance such a solution would provide compared to the existing Iu. This contribution has compared the performance of VoIP over Iu with the one over a potential evolved Gb. It can be seen that, the performance in the evolved A/Gb mode is in all cases worse than in the Iu mode. When keeping the ciphering on LLC, an important loss occurs: 5.5dB on EGPRS channels and a minimum of 1.6 dB for AMR12.2 on FLO channels. In terms of capacity this roughly means a loss of 66 and 36% respectively [2].
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Annex A - EGPRS Performance
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Annex B - FLO Performance
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