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1. Introduction

As a result of the de-centralized architecture for LTE/SAE PDCP functionality was moved to the eNB. Coupled with a maximum active set size equal to one the UE has to re-establish RoHC context at every inter-eNB handover. This results in the UE having to transmit the RoHC IR packets until context is re-established. This results not only in reduced uplink capacity but also increased latency and therefore impacts user experience for applications such as VoIP and mobile network gaming. While full RoHC context transfer has been ruled out by 3GPP for LTE-Release 8 due to potential complexity context transfer of static elements of the RoHC context can be achieved at very low complexity and provides a significant reduction in latency as well as lowers the associated capacity loss. 

Section 2 provides some background information on LTE-Release 8 specifications as well as RoHC. Section 3 illustrates the impact of lack of RoHC context transfer (or RoHC state re-establishment) for VoIP and Gaming as a function of inter-handover intervals. Section 4 lists the current status of RoHC context transfer within LTE-Release 8. Section 5 provides a detailed discussion on static RoHC context transfer in terms of state to be transferred, performance gains as well as design and implementation aspects. Section 6 lists potential changes to the LTE air-interface to support static RoHC context transfer and Section 7 summarizes the conclusions. 
2. Background

2.1. LTE Specifications 

· Inter-eNB, Intra-BSC RoHC context transfer is not an issue in HSPA systems as the RoHC function resides in the RNC
· RoHC context re-establishment is required only for inter-BSC handovers (far less frequent than intra-BSC handovers) in HSPA

· The maximum active set size in LTE is exactly equal to One i.e. no support for macro diversity 
· PDCP function resides in eNodeB and not in Access Gateway

· RoHC function resides in PDCP

· RoHC context has to be re-established at each handover

· UE requires larger packet size assignment on the Downlink and Uplink as a result of handover in order to avoid a latency impact

· Capacity-Latency trade-off 

· Latency increase can be traded-off for capacity decrease

2.2. RoHC 

· For setting up context, RoHC compressor initially sends IR (Initial Refresh) packets

· These contain information about the static part (such as IP addresses, UDP ports) as well as the dynamic part (such as RTP SN)

· A few of these IR packets need to be sent to ensure that at least one reaches the decompressor

· Results with number of IR packets = 2,3

· Subsequent to IR packets, one Type2 Ext3 (Extension 3) packet may need to be sent

· Type 2 Ext3 packet can be used to indicate some changes to IP headers such as IP header flags, RTP Payload Type etc

· In this case, it is used to carry TS_STRIDE (i.e., the RTP timestamp difference between successive packets) information

· For setting up RoHC context the following packets are required

· n IR (n = 2 or 3) AND

· 1 Type 2 Ext 3

3. Impact of RoHC context re-establishment at handovers 

3.1. Analytical overhead 

3.1.1. VoIP 

RoHC RTP Profile 

RoHC bytes 

IR size: IPv4 (40 bytes) or IPv6 (60 bytes)
Type 2 Ext3 size: 8 bytes

Num IR = 2 or 3 

Num Type 2 Ext 3 = 1

# RoHC bytes: IR size x Num IR + Type 2 Ext3 size x Num Type 2 Ext 3

Table 1. # of RoHC bytes for context re-establishment (VoIP)

	IP
	NUM IR
	RoHC context (Bytes)

	v4
	2
	88

	v4
	3
	128

	v6
	2
	128

	v6
	3
	188


3.1.2. Gaming 

RoHC UDP Profile 

RoHC bytes 

IR size:  IPv4 (28 bytes) or IPv6 (48 bytes)

Num IR = 2 or 3 

# RoHC bytes: IR size x Num IR

Table 2. # RoHC bytes for context re-establishment (Gaming)

	IP
	NUM IR
	RoHC context (Bytes)

	v4
	2
	56

	v4
	3
	84

	v6
	2
	96

	v6
	3
	144


3.1.3. Analytical air-interface overhead due to RoHC context re-establishment at Handovers


[image: image1]
In the above figure RoHC overhead is calculated as a percentage of the bytes per AMR 12.2 VoIP packet with 50% voice activity factor in the absence of handovers

3.2. Expected Latency Impact 

3.2.1. Assumptions

· 8 interlaces on Uplink 

· 1 or 2 interlaces assigned to UE (dynamic scheduling is assumed) 
· For VoIP traffic (320 bits/VoIP packet) 

· For Gaming traffic (336 applications bits/gaming packet)

· No additional requests (by UE) or assignments from eNB for larger packet sizes due to RoHC state re-establishment as a result of handovers

· Latency increase calculated assuming no capacity loss

· Scheduling latency due to packet transmission opportunity alignment with the packet generation by vocoder

· Mean latency of 10ms used for analysis

· H-ARQ 

· Number of H-ARQ transmissions required for each VoIP packet = 2, 4 or 6

· Termination Statistics: Equal probability after each sub-packet
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Figure 1. Additional Latency for UL VoIP packet assuming UE assigned 1 or 2 interlaces

It should be noted that for VoIP packets may be dropped if the packet is not transmitted x ms after it arrives at the transmitter. If the additional latency exceeds the desired target of 50ms the packet would be dropped resulting in further degradation in user experience and further delay in RoHC context re-establishment. 

· Gaming model: First Person Shooter (FPS)

· Mean application packet size = 42 bytes

· mean inter-arrival time = 51 msec
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Figure 2. Latency for UL Gaming packet assuming UE assigned 1 or 2 interlaces

Similar considerations as above (packet drop if not transmitted after x ms) may apply to gaming. 

4. RoHC context transfer

4.1. 3GPP Status 

· Full RoHC context transfer would need to handle interoperability issues such as:

· For dynamic fields such as RTP SN and TS, all values in the reference window may need to be transferred; the size of the reference window may be different across implementations

· Generic RoHC parameters such as Optimistic Approach (OA), k1, n1, k2, n2 need to be transferred; these fields may have different values across implementations

· 3GPP has been discussing either full RoHC context transfer or no RoHC context transfer

· Context transfer of static RoHC fields offers significant gains with a low complexity mechanism

5. Static RoHC context transfer 

5.1. Headers

5.1.1. Break-Up of IP/UDP/RTP Headers


[image: image4]
Highlighted fields are static fields of RoHC as defined in RFC 3095

Even if static context is already setup, the smaller compressed packets cannot be used for RTP profile since they don’t have 16 bits for RTP Sequence Number (SN). Thus, IR-DYN (Initial Refresh-Dynamic) packet is the smallest packet that can be used to update any change in the dynamic context. 

5.1.2. Break-up of size of IR-DYN (bytes)
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Total Size: 24 bytes (can be potentially reduced to 17 bytes by transferring TS_STRIDE and TIME_STRIDE as part of context)

5.2. Performance Gains 

5.2.1. % Overhead due to RoHC
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Figure 3. Percent overhead due to RoHC

RoHC Overhead is calculated as a percentage of the bytes per AMR 12.2k VoIP packet (50% voice activity factor) in the absence of handover

Impact of Static Context Transfer on RTP Profile

Average RoHC Bytes per Handover for VoIP Traffic
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Percentage Additional Overhead due to RoHC for AMR
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5.3. Static context transfer for VoIP 
5.3.1. Static Context Transfer at Downlink Compressor (RTP Profile)

· Downlink compressor applies the following fields to its static and semi-static context

· IPv6 header: Version, Flow Label, Next Header, Source Address, Destination Address, Traffic Class, Hop Limit

· UDP header: Source Port, Destination Port

· RTP header: Version, Extension, SSRC, Payload Type

· Downlink compressor assumes that the above context is already set up at the downlink decompressor

· Downlink compressor can thus start with sending the IR-DYN packet (size ~24 octets), instead of the IR packet (size ~60 octets)

5.3.2. Static Context Transfer at Uplink Decompressor (RTP Profile)

· Uplink decompressor applies the following fields to its static and semi-static context

· IPv6 header: Version, Flow Label, Next Header, Source Address, Destination Address, Traffic Class, Hop Limit

· UDP header: Source Port, Destination Port 

· RTP header: Version, Extension, SSRC, Payload Type

5.3.3. Additional VoIP Latency Compared to RoHC at GW
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Figure 4. Additional VoIP latency compared to RoHC at GW: 1-interlace assigned to UE
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Figure 5: Figure 6. Additional VoIP latency compared to RoHC at GW: 2-interlaces assigned to UE

5.4. Static Context Transfer for UDP Profile (Gaming)

5.4.1. UDP Profile of RoHC v1 (RFC 3095) for IPv6
If no context is transferred, IR packets need to be sent

· Break-up of size of IR (bytes)

· Packet Type (1), Profile (1), CRC (1)

· IPv6: 39

· UDP: 6

Total Size for IPv6/UDP: 48 bytes

If static context is transferred, the smaller compressed packets can be used. Thus, the small compressed packets (i.e., Type 0 (UO-0) or Type 2 (UOR-2)) can be used

· Break-up of size of UO-0 (in bytes)

· Compressed packet (1)

· UDP Checksum (2)

· Total Size: 3

· Break-up of size of UOR-2 (in bytes)

· Compressed packet (2)

· UDP Checksum (2)

· Total Size: 4

Thus, compressed packet size of 3/4 bytes can be achieved, compared to 48 bytes for no context transfer

5.4.2. Impact of Static Context Transfer on UDP profile

Average RoHC Bytes per Handover for Gaming Traffic
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Percentage Additional Overhead due to RoHC for Gaming Traffic (First Person Shooter model)

Table 3. Percentage additional overhead due to RoHC for Gaming
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5.4.3. Static Context Transfer at Downlink Compressor (UDP Profile)

· Downlink compressor applies the following fields to its static and semi-static context

· IPv6 header: Version, Flow Label, Next Header, Source Address, Destination Address, Traffic Class, Hop Limit

· UDP header: Source Port, Destination Port

· Also, downlink compressor assumes that the above context is already set up at the downlink decompressor

· Downlink compressor can thus start with sending the UO-0 or UOR-2 packet (size 3/4 octets including UDP checksum), instead of the IR packet (size ~48 octets)

5.4.4. Static Context Transfer at Uplink Decompressor (UDP Profile)

· Uplink decompressor applies the following fields to its static and semi-static context

· IPv6 header: 

· Version

· Flow Label

· Next Header

· Source Address

· Destination Address

· Traffic Class

· Hop Limit

· UDP header: 

· Source Port

· Destination Port

5.4.5. Additional Gaming Latency Compared to RoHC at GW
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Figure 7: Additional Gaming Latency Compared to RoHC at GW: 1 Interlace Assigned to UE
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Figure 8: Additional Gaming Latency Compared to RoHC at GW: 2 Interlaces Assigned to UE
5.4.6. Static RoHC context transfer for RoHCv2 

· RoHC v2 is currently an Internet draft

· Expected to become an RFC by end of 2007 / early 2008

· With RoHC v2, similar gains are expected with static context transfer as RoHC v1 (RFC 3095)

· Compared to RoHC v1, some packet types are different in RoHC v2

· As an example, instead of IR-DYN, co-repair or co-common packet format may need to be used with RoHC v2 RTP profile

6. LTE specification 

· Indication of whether or not a handover results in an eNodeB change 

· Intra-eNodeB handover change does not require RoHC context transfer 

· eNB identifier could be indicated via the Primary-BCH or via the handover command from the source eNodeB

· Primary-BCH indication of eNodeB identifier precludes need for handover command from the source eNodeB

· All cells that belong to an eNodeB transmit the same eNodeB identifier 

· Type of context transfer determined by specification negotiated by UE 

· Alternate

· Indication of the type of RoHC context transfer required 

· No context transfer

· Static context transfer

· Full context transfer 

· Indication mechanism

· Via session or connection configuration and can be updated via mechanisms to update connection configuration

· Via Handover Command

7. Conclusion

· Re-establishing RoHC context at each handover results in a significant capacity loss and/or latency increase for applications such as VoIP and Mobile Network Gaming

· Latency increase results in a quality or user-experience degradation at handover events

· Static RoHC context transfer offers an excellent performance and complexity trade-off 
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		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0
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udp-rohc

				2825		2825										3285		3285										5675		5675

		0		0		0		0		0				0		207		207		0.0630136986		0.0630136986				0		0		0		0		0

		1		85		85		0.0300884956		0.0300884956				1		169		169		0.1144596651		0.1144596651				1		540		540		0.095154185		0.095154185

		2		751		751		0.2959292035		0.2959292035				2		0		0		0.1144596651		0.1144596651				2		2014		2014		0.4500440529		0.4500440529

		3		1693		1693		0.8952212389		0.8952212389				3		1193		1193		0.4776255708		0.4776255708				3		2093		2379		0.8188546256		0.8692511013

		4		296		296		1		1				4		1716		1716		1		1				4		1028		742		1		1

		5		0		0		1		1				5		0		0		1		1				5		0		0		1		1

				6809		6809										4691		4691										5569		5569

		0		0		0		0		0				0		0		0		0		0				0		0		0		0		0

		1		6809		6809		1		1				1		0		4691		0		1				1		0		0		0		0

		2		0		0		1		1				2		4428		0		0.9439351951		1				2		82		82		0.014724367		0.014724367

		3		0		0		1		1				3		263		0		1		1				3		3478		3478		0.6392530077		0.6392530077

		4		0		0		1		1				4		0		0		1		1				4		2009		2009		1		1

		5		0		0		1		1				5		0		0		1		1				5		0		0		1		1

				5333		5333										5773		5773										5033		5033

		0		102		102		0.0191261954		0.0191261954				0		0		0		0		0				0		0		0		0		0

		1		139		139		0.0451903244		0.0451903244				1		0		0		0		0				1		5033		5033		1		1

		2		1690		1690		0.3620851303		0.3620851303				2		1025		1025		0.1775506669		0.1775506669				2		0		0		1		1

		3		2197		2197		0.774048378		0.774048378				3		3478		3478		0.7800103932		0.7800103932				3		0		0		1		1

		4		1205		1205		1		1				4		1270		1270		1		1				4		0		0		1		1

		5		0		0		1		1				5		0		0		1		1				5		0		0		1		1

				6091		6091																						51084		51084

		0		0		0		0		0																0		309		309		0.0060488607		0.0060488607

		1		16		6091		0.0026268265		1																1		12791		23557		0.2564403727		0.4671912928

		2		6075		0		1		1																2		16065		5562		0.5709224023		0.5760707854

		3		0		0		1		1																3		14395		14418		0.8527131783		0.8583118002

		4		0		0		1		1																4		7524		7238		1		1

		5		0		0		1		1																5		0		0		1		1





udp-rohc

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0



Run 1

Run 2

Run 3

Run 4

Run 5

Run 6

Run 7

Run 8

Run 9

Run A

Combined

Number of PNs in Active Set
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udp-rohc-bss

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0



Run 1

Run 2

Run 3

Run 4

Run 5

Run 6

Run 7

Run 8

Run 9

Run A

Combined

Number of BSs in Active Set

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



div-rohc

		

				num_handoffs		1		46		0		46		0		88		0				num_handoffs		1		17		0		17		0		88		0

				num_handoffs		2		46		44		2		95.652173913		26.7826086957		95.652173913				num_handoffs		2		17		15		2		88.2352941176		31.5294117647		88.2352941176

				num_handoffs		3		46		44		2		95.652173913		26.7826086957		0				num_handoffs		3		17		15		2		88.2352941176		31.5294117647		0

				num_handoffs		4		46		44		2		95.652173913		26.7826086957		0				num_handoffs		4		17		15		2		88.2352941176		31.5294117647		0

				num_handoffs		5		46		44		2		95.652173913		26.7826086957		0				num_handoffs		5		17		15		2		88.2352941176		31.5294117647		0

				num_handoffs		6		46		44		2		95.652173913		26.7826086957		0				num_handoffs		6		17		15		2		88.2352941176		31.5294117647		0

				num_handoffs		1		40		0		40		0		88		0				num_handoffs		1		18		0		18		0		88		0

				num_handoffs		2		40		38		2		95		27.2		95				num_handoffs		2		18		16		2		88.8888888889		31.1111111111		88.8888888889

				num_handoffs		3		40		38		2		95		27.2		0				num_handoffs		3		18		16		2		88.8888888889		31.1111111111		0

				num_handoffs		4		40		38		2		95		27.2		0				num_handoffs		4		18		16		2		88.8888888889		31.1111111111		0

				num_handoffs		5		40		38		2		95		27.2		0				num_handoffs		5		18		16		2		88.8888888889		31.1111111111		0

				num_handoffs		6		40		38		2		95		27.2		0				num_handoffs		6		18		16		2		88.8888888889		31.1111111111		0

				num_handoffs		1		99		0		99		0		88		0				num_handoffs		1		260		0		260		0		88		0

				num_handoffs		2		99		72		27		72.7272727273		41.4545454545		72.7272727273				num_handoffs		2		260		183		77		70.3846153846		42.9538461538		70.3846153846

				num_handoffs		3		99		96		3		96.9696969697		25.9393939394		24.2424242424				num_handoffs		3		260		241		19		92.6923076923		28.6769230769		22.3076923077

				num_handoffs		4		99		96		3		96.9696969697		25.9393939394		0				num_handoffs		4		260		256		4		98.4615384615		24.9846153846		5.7692307692

				num_handoffs		5		99		96		3		96.9696969697		25.9393939394		0				num_handoffs		5		260		256		4		98.4615384615		24.9846153846		0

				num_handoffs		6		99		96		3		96.9696969697		25.9393939394		0				num_handoffs		6		260		256		4		98.4615384615		24.9846153846		0

				num_handoffs		1		76		0		76		0		88		0				num_handoffs		1		48		0		48		0		88		0

				num_handoffs		2		76		48		28		63.1578947368		47.5789473684		63.1578947368				num_handoffs		2		48		29		19		60.4166666667		49.3333333333		60.4166666667

				num_handoffs		3		76		70		6		92.1052631579		29.0526315789		28.9473684211				num_handoffs		3		48		40		8		83.3333333333		34.6666666667		22.9166666667

				num_handoffs		4		76		72		4		94.7368421053		27.3684210526		2.6315789474				num_handoffs		4		48		44		4		91.6666666667		29.3333333333		8.3333333333

				num_handoffs		5		76		72		4		94.7368421053		27.3684210526		0				num_handoffs		5		48		44		4		91.6666666667		29.3333333333		0

				num_handoffs		6		76		72		4		94.7368421053		27.3684210526		0				num_handoffs		6		48		44		4		91.6666666667		29.3333333333		0

				num_handoffs		1		86		0		86		0		88		0				num_handoffs		1		69		0		69		0		88		0

				num_handoffs		2		86		58		28		67.4418604651		44.8372093023		67.4418604651				num_handoffs		2		69		39		30		56.5217391304		51.8260869565		56.5217391304

				num_handoffs		3		86		79		7		91.8604651163		29.2093023256		24.4186046512				num_handoffs		3		69		62		7		89.8550724638		30.4927536232		33.3333333333

				num_handoffs		4		86		82		4		95.3488372093		26.976744186		3.488372093				num_handoffs		4		69		65		4		94.2028985507		27.7101449275		4.347826087

				num_handoffs		5		86		82		4		95.3488372093		26.976744186		0				num_handoffs		5		69		65		4		94.2028985507		27.7101449275		0

				num_handoffs		6		86		82		4		95.3488372093		26.976744186		0				num_handoffs		6		69		65		4		94.2028985507		27.7101449275		0

				num_handoffs		1		109		0		109		0		88		0				Total		1		868		0		868		0		88		0

				num_handoffs		2		109		72		37		66.0550458716		45.7247706422		66.0550458716						2		868		614		254		70.7373271889		42.7281105991		70.7373271889

				num_handoffs		3		109		99		10		90.8256880734		29.871559633		24.7706422018						3		868		800		68		92.1658986175		29.0138248848		21.4285714286

				num_handoffs		4		109		105		4		96.3302752294		26.3486238532		5.504587156						4		868		833		35		95.9677419355		26.5806451613		3.801843318

				num_handoffs		5		109		105		4		96.3302752294		26.3486238532		0						5		868		833		35		95.9677419355		26.5806451613		0

				num_handoffs		6		109		105		4		96.3302752294		26.3486238532		0						6		868		833		35		95.9677419355		26.5806451613		0

																								1C		868		148		720		17.0506912442		77.0875576037

																																						OAA=2		OAA=3		OAA=2		OAA=3				OAA=2, Static, IPv6		OAA=3, Static, IPv6

																												1		868		0		868		0		88		128		128		188				56		80

																												2		868		614		254		70.7373271889		42.7281105991		54.4331797235		54.4331797235		71.9907834101				33.3640552995		40.3870967742

																												3		868		800		68		92.1658986175		29.0138248848		32.1474654378		32.1474654378		36.8479262673				26.5069124424		28.3870967742

																												4		868		833		35		95.9677419355		26.5806451613		28.1935483871		28.1935483871		30.6129032258				25.2903225806		26.2580645161

																												5		868		833		35		95.9677419355		26.5806451613		28.1935483871		28.1935483871		30.6129032258				25.2903225806		26.2580645161

																												6		868		833		35		95.9677419355		26.5806451613		28.1935483871		28.1935483871		30.6129032258				25.2903225806		26.2580645161

																																				IPv6-Ccoa		208		IPv6-Route Optimize		176

																																						77.8433179724				68.4792626728

																																						38.4147465438				35.9078341014

																																						31.4193548387				30.1290322581

																																						31.4193548387				30.1290322581

																																						31.4193548387				30.1290322581





div-rohc

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0



h
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Call-Duration

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0		0



Run 1

Run 2

Run 3

Run 4

Run 5

Run 6

Run 7

Run 8

Run 9

Run A

Run B

Combined

Maximum Number of RoHC Stacks/Maximum Active Set Size
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Static_Context_Transfer

		0

		0

		0

		0

		0

		0



Combined

Maximum Number of RoHC Stacks/Maximum Active Set Size

% of Efficent RoHC Handoffs

0

0

0

0

0

0



Theoretical

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



IPv4

IPv6

Maximum Number of RoHC Stacks/Maximum Active Set Size

Avg Number of RoHC Bytes Per Handoff

0

0

0

0

0

0

0

0

0

0

0

0



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



No Context Transfer, IPv6, num IR=3

No Context Transfer, IPv6, num IR=2

Static Context Transfer, IPv6, num IR=3

Static Context Transfer, IPv6, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Avg Number of RoHC Bytes Per Handoff

0

0

0

0

0

0



		

						num_handoffs		1		46		45		1						num_handoffs		1		17		16		1

						num_handoffs		2		46		45		1						num_handoffs		2		17		16		1

						num_handoffs		3		46		45		1						num_handoffs		3		17		16		1

						num_handoffs		4		46		45		1						num_handoffs		4		17		16		1

						num_handoffs		5		46		45		1						num_handoffs		5		17		16		1

						num_handoffs		6		46		45		1						num_handoffs		6		17		16		1

						num_handoffs		1		40		39		1						num_handoffs		1		18		17		1

						num_handoffs		2		40		39		1						num_handoffs		2		18		17		1

						num_handoffs		3		40		39		1						num_handoffs		3		18		17		1

						num_handoffs		4		40		39		1						num_handoffs		4		18		17		1

						num_handoffs		5		40		39		1						num_handoffs		5		18		17		1

						num_handoffs		6		40		39		1						num_handoffs		6		18		17		1

						num_handoffs		1		99		15		84						num_handoffs		1		260		2		258

						num_handoffs		2		99		73		26						num_handoffs		2		260		188		72

						num_handoffs		3		99		96		3						num_handoffs		3		260		248		12

						num_handoffs		4		99		96		3						num_handoffs		4		260		256		4

						num_handoffs		5		99		96		3						num_handoffs		5		260		256		4

						num_handoffs		6		99		96		3						num_handoffs		6		260		256		4

						num_handoffs		1		76		0		76						num_handoffs		1		48		2		46

						num_handoffs		2		76		50		26						num_handoffs		2		48		29		19

						num_handoffs		3		76		71		5						num_handoffs		3		48		40		8

						num_handoffs		4		76		72		4						num_handoffs		4		48		44		4

						num_handoffs		5		76		72		4						num_handoffs		5		48		44		4

						num_handoffs		6		76		72		4						num_handoffs		6		48		44		4

						num_handoffs		1		86		0		86						num_handoffs		1		69		0		69

						num_handoffs		2		86		59		27						num_handoffs		2		69		39		30

						num_handoffs		3		86		80		6						num_handoffs		3		69		62		7

						num_handoffs		4		86		83		3						num_handoffs		4		69		65		4

						num_handoffs		5		86		83		3						num_handoffs		5		69		65		4

						num_handoffs		6		86		83		3						num_handoffs		6		69		65		4

																										OAA=2		OAA=3		OAA=2		OAA=3				OAA=2, Static, IPv6		OAA=3, Static, IPv6

						num_handoffs		1		109		2		107				868		138		730		15.8986175115		77.8248847926		111.465437788		111.465437788		161.9262672811				50.9124423963		71.0967741935

						num_handoffs		2		109		77		32				868		632		236		72.8110599078		41.400921659		52.2764976959		52.2764976959		68.5898617512				32.7004608295		39.2258064516

						num_handoffs		3		109		104		5				868		818		50		94.2396313364		27.6866359447		29.9907834101		29.9907834101		33.4470046083				25.8433179724		27.2258064516

						num_handoffs		4		109		106		3				868		839		29		96.6589861751		26.1382488479		27.4746543779		27.4746543779		29.4792626728				25.069124424		25.8709677419

						num_handoffs		5		109		106		3				868		839		29		96.6589861751		26.1382488479		27.4746543779		27.4746543779		29.4792626728				25.069124424		25.8709677419

						num_handoffs		6		109		106		3				868		839		29		96.6589861751		26.1382488479		27.4746543779		27.4746543779		29.4792626728				25.069124424		25.8709677419

																								IPv6-Ccoa		178.7465437788		IPv6-Route Optimize		151.8341013825

																										74.0276497696				65.3271889401

																										34.599078341				32.7557603687

																										30.1474654378				29.0783410138

																										30.1474654378				29.0783410138

																										30.1474654378				29.0783410138





		0		1

		0		2

		0		3

		0		4

		0		5

		0		6



RoHC State Shared Among Cells of Node B

RoHC State Not Shared Among Cells of Node B

Maximum Number of RoHC Stacks/Maximum Active Set Size

% of RoHC Handoffs that are Efficient

0

70.7373271889

92.1658986175

95.9677419355

95.9677419355

95.9677419355



		188		0		1		0		1		0

		71.9907834101		0		2		0		2		0

		36.8479262673		0		3		0		3		0

		30.6129032258		0		4		0		4		0

		30.6129032258		0		5		0		5		0

		30.6129032258		0		6		0		6		0



RoHC State Not Shared Among Cells of NodeB: IPv6, num IR=3

RoHC State Shared Among Cells of NodeB: IPv6, num IR=3

RoHC State Not Shared Among Cells of NodeB: IPv6, num IR=2

RoHC State Shared Among Cells of NodeB: IPv6, num IR=2

RoHC State Not Shared Among Cells of NodeB: IPv4, num IR=2

RoHC State Shared Among Cells of NodeB: IPv4, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Avg Number of RoHC Bytes Per Handoff

128

88

54.4331797235

42.7281105991

32.1474654378

29.0138248848

28.1935483871

26.5806451613

28.1935483871

26.5806451613

28.1935483871

26.5806451613



		188		0		1		0

		71.9907834101		0		2		0

		36.8479262673		0		3		0

		30.6129032258		0		4		0

		30.6129032258		0		5		0

		30.6129032258		0		6		0



RoHC State Not Shared Among Cells of NodeB: IPv6, num IR=3

RoHC State Shared Among Cells of NodeB: IPv6, num IR=3

RoHC State Not Shared Among Cells of NodeB: IPv6, num IR=2

RoHC State Shared Among Cells of NodeB: IPv6, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Avg Number of RoHC Bytes Per Handoff

128

54.4331797235

32.1474654378

28.1935483871

28.1935483871

28.1935483871



		0		0		1		0

		0		0		2		0

		0		0		3		0

		0		0		4		0

		0		0		5		0

		0		0		6		0



No Context Transfer, IPv6, num IR=3

No Context Transfer, IPv6, num IR=2

Static Context Transfer, IPv6, num IR=3

Static Context Transfer, IPv6, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Avg Number of RoHC Bytes Per Handoff

0

0

0

0

0

0



		

				num_handoffs		1		34		0		34		0						num_handoffs		1		23		0		23		0

				num_handoffs		2		34		20		14		58.8235294118						num_handoffs		2		23		18		5		78.2608695652

				num_handoffs		3		34		29		5		85.2941176471						num_handoffs		3		23		20		3		86.9565217391

				num_handoffs		4		34		30		4		88.2352941176						num_handoffs		4		23		20		3		86.9565217391

				num_handoffs		5		34		30		4		88.2352941176						num_handoffs		5		23		20		3		86.9565217391

				num_handoffs		6		34		30		4		88.2352941176						num_handoffs		6		23		20		3		86.9565217391

				num_handoffs		1		122		0		122		0						num_handoffs		1		1		0		1		0

				num_handoffs		2		122		67		55		54.9180327869						num_handoffs		2		1		0		1		0

				num_handoffs		3		122		115		7		94.262295082						num_handoffs		3		1		0		1		0

				num_handoffs		4		122		118		4		96.7213114754						num_handoffs		4		1		0		1		0

				num_handoffs		5		122		118		4		96.7213114754						num_handoffs		5		1		0		1		0

				num_handoffs		6		122		118		4		96.7213114754						num_handoffs		6		1		0		1		0

				num_handoffs		1		54		0		54		0						num_handoffs		1		65		0		65		0

				num_handoffs		2		54		52		2		96.2962962963						num_handoffs		2		65		39		26		60

				num_handoffs		3		54		52		2		96.2962962963						num_handoffs		3		65		58		7		89.2307692308

				num_handoffs		4		54		52		2		96.2962962963						num_handoffs		4		65		61		4		93.8461538462

				num_handoffs		5		54		52		2		96.2962962963						num_handoffs		5		65		61		4		93.8461538462

				num_handoffs		6		54		52		2		96.2962962963						num_handoffs		6		65		61		4		93.8461538462

				num_handoffs		1		85		0		85		0						num_handoffs		1		90		0		90		0

				num_handoffs		2		85		57		28		67.0588235294						num_handoffs		2		90		50		40		55.5555555556

				num_handoffs		3		85		76		9		89.4117647059						num_handoffs		3		90		83		7		92.2222222222

				num_handoffs		4		85		81		4		95.2941176471						num_handoffs		4		90		86		4		95.5555555556

				num_handoffs		5		85		81		4		95.2941176471						num_handoffs		5		90		86		4		95.5555555556

				num_handoffs		6		85		81		4		95.2941176471						num_handoffs		6		90		86		4		95.5555555556

				num_handoffs		1		1		0		1		0						num_handoffs		1		45		0		45		0

				num_handoffs		2		1		0		1		0						num_handoffs		2		45		43		2		95.5555555556

				num_handoffs		3		1		0		1		0						num_handoffs		3		45		43		2		95.5555555556

				num_handoffs		4		1		0		1		0						num_handoffs		4		45		43		2		95.5555555556

				num_handoffs		5		1		0		1		0						num_handoffs		5		45		43		2		95.5555555556

				num_handoffs		6		1		0		1		0						num_handoffs		6		45		43		2		95.5555555556

																				Total		1		520		0				0

																						2		520		346				66.5384615385

																						3		520		476				91.5384615385

																						4		520		491				94.4230769231

																						5		520		491				94.4230769231

																						6		520		491				94.4230769231





		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0

		0		0		0		0		0		0		0		0		0		0		0



Run 1

Run 2

Run 3

Run 4

Run 5

Run 6

Run 7

Run 8

Run 9

Run A

Combined

Maximum Number of RoHC Stacks

% of Efficent RoHC Handoffs

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0



												Mean Handoff Interval (sec)				1.65								Bytes per Call		EVRC		AMR		AMR7.95

				Call		Duration (sec)																				67200		96000		72000

				1		111								RoHC Shared: IPv6		RoHC Shared: IPv4		RoHC Not Shared: IPv6		RoHC Not Shared: IPv4				RoHC Shared: IPv6 CCoA		RoHC Shared: IPv6 Route Optimize		RoHC Not Shared: IPv6 CCoA		RoHC Not Shared: IPv6 Route Optimize

				2		121								111.465437788		77.8248847926		128		88				178.7465437788		151.8341013825		208		176		AMR7.95		11.2591351301		7.861099474		12.9292929293		8.8888888889

				3		163								52.2764976959		41.400921659		54.4331797235		42.7281105991				74.0276497696		65.3271889401		77.8433179724		68.4792626728				5.2804543127		4.1819112787		5.4983009822		4.3159707676

				4		110								29.9907834101		27.6866359447		32.1474654378		29.0138248848				34.599078341		32.7557603687		38.4147465438		35.9078341014				3.0293720616		2.7966298934		3.2472187311		2.9306893823

				5		381								27.4746543779		26.1382488479		28.1935483871		26.5806451613				30.1474654378		29.0783410138		31.4193548387		30.1290322581				2.7752176139		2.6402271564		2.8478331704		2.6849136527

				6		482								27.4746543779		26.1382488479		28.1935483871		26.5806451613				30.1474654378		29.0783410138		31.4193548387		30.1290322581				2.7752176139		2.6402271564		2.8478331704		2.6849136527

				7		211								27.4746543779		26.1382488479		28.1935483871		26.5806451613				30.1474654378		29.0783410138		31.4193548387		30.1290322581				2.7752176139		2.6402271564		2.8478331704		2.6849136527

				8		101

				9		312						2 Minute Call		8106.5772936741		5659.9916212819		9309.0909090909		6400		EVRC		12.063359068		8.4226065793		13.8528138528		9.5238095238		AMR		8.4443513476		5.8958246055		9.696969697		6.6666666667

				A		135								3801.9271051529		3010.9761206535		3958.7767071638		3107.4989526602				5.6576296208		4.4806192272		5.8910367666		4.6242543938				3.9603407345		3.136433459		4.1237257366		3.2369780757

				B		439								2181.1478843737		2013.5735232509		2337.9974863846		2110.0963552576				3.2457557803		2.9963891715		3.4791629262		3.1400243382				2.2720290462		2.0974724201		2.4354140483		2.1980170367

														1998.1566820277		1900.9635525765		2050.4398826979		1933.137829912				2.9734474435		2.8288148104		3.0512498254		2.8766931993				2.0814132104		1.9801703673		2.1358748778		2.0136852395

														1998.1566820277		1900.9635525765		2050.4398826979		1933.137829912				2.9734474435		2.8288148104		3.0512498254		2.8766931993				2.0814132104		1.9801703673		2.1358748778		2.0136852395

				Num_Total_Handoffs		HO Frequency								1998.1566820277		1900.9635525765		2050.4398826979		1933.137829912				2.9734474435		2.8288148104		3.0512498254		2.8766931993				2.0814132104		1.9801703673		2.1358748778		2.0136852395

		2566		868		2.9562211982

		233.27										2 Minute Call		12999.7486384583		11042.4801005446		15127.2727272727		12800				17.524487801		161.9262672811		20.3463203463		188		AMR-MIPv6		13.5414048317		11.5025834381		15.7575757576		13.3333333333

		163.00												5383.8290741517		4751.0682865522		5661.3322161709		4980.3100125681				7.4231452112		68.5898617512		7.7912103258		71.9907834101				5.6081552856		4.9490294652		5.8972210585		5.1878229298

														2516.2966066192		2382.237117721		2793.7997486385		2611.4788437369				3.6198056935		33.4470046083		3.9878708081		36.8479262673				2.6211422986		2.4814969976		2.9102080715		2.7202904622

														2192.54294093		2114.7884373691		2285.0439882698		2191.2023460411				3.1903963932		29.4792626728		3.3130847647		30.6129032258				2.2838988968		2.2029046223		2.3802541544		2.2825024438

														2192.54294093		2114.7884373691		2285.0439882698		2191.2023460411				3.1903963932		29.4792626728		3.3130847647		30.6129032258				2.2838988968		2.2029046223		2.3802541544		2.2825024438

														2192.54294093		2114.7884373691		2285.0439882698		2191.2023460411				3.1903963932		29.4792626728		3.3130847647		30.6129032258				2.2838988968		2.2029046223		2.3802541544		2.2825024438

																						AMR 12.2		12.2671414607		161.9262672811		14.2424242424		188

																								5.1962016478		68.5898617512		5.453847228		71.9907834101

																								2.5338639855		33.4470046083		2.7915095657		36.8479262673

																								2.2332774752		29.4792626728		2.3191593353		30.6129032258

																								2.2332774752		29.4792626728		2.3191593353		30.6129032258

																								2.2332774752		29.4792626728		2.3191593353		30.6129032258

																						AMR7.95		16.3561886143				18.9898989899

																								6.9282688638				7.2717963041

																								3.378485314				3.7220127543

																								2.9777033003				3.0922124471

																								2.9777033003				3.0922124471

																								2.9777033003				3.0922124471





		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



RoHC State Not Shared in Node B: IPv6, num IR=3

RoHC State  Shared in Node B: IPv6, num IR=3

RoHC State Not Shared in Node B: IPv6, num IR=2

RoHC State Shared in Node B: IPv6, num IR=2

RoHC State Not Shared in Node B: IPv4, num IR=2

RoHC State Shared in Node B: IPv4, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Percentage Overhead due to RoHC



		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



RoHC State Not Shared in Node B: IPv6, num IR=3

RoHC State Shared in Node B: IPv6, num IR=3

RoHC State Not Shared in Node B: IPv6, num IR=2

RoHC State Shared in Node B: IPv6, num IR=2

RoHC State Not Shared in Node B: IPv4, num IR=2

RoHC State Shared in Node B: IPv4, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Percentage Overhead due to RoHC



		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0

		0		0		0		0



RoHC State Not Shared in Node B: MIPv6 Tunneling Option, num IR=2

RoHC State Not Shared in Node B: MIPv6 Tunneling Option, num IR=2

RoHC State Shared in Node B: MIPv6 Route Optimization Option, num IR=2

RoHC State Shared in Node B: MIPv6 Route Optimization Option, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Percentage Overhead due to RoHC



		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0

		0		0		0		0		0		0



RoHC State Not Shared in Node B: IPv6, num IR=3

RoHC State Shared in Node B: IPv6, num IR=3

RoHC State Not Shared in Node B: IPv6, num IR=2

RoHC State Shared in Node B: IPv6, num IR=2

RoHC State Not Shared in Node B: IPv4, num IR=2

RoHC State Shared in Node B: IPv4, num IR=2

Maximum Number of RoHC Stacks/Maximum Active Set Size

Percentage Overhead due to RoHC



				Avg Number of RoHC Bytes per Handoff								Mean Handoff Interval (sec)				1.65

												AMR Bytes/call				120000

						No Context Transfer		Static Context Transfer

				IPv6, num_IR=2		128		56				AMR 7.95 Bytes/call				90000

				IPv6, num_IR=3		188		80

				IPv4, num_IR=2		88		56

				IPv4, num_IR=3		128		80

				% Additional Overhead due to RoHC for AMR 12.2

						No Context Transfer		Static Context Transfer								AMR 12.2: No Context Transfer		AMR 12.2: Static Context Transfer		AMR 7.95: No Context Transfer		AMR 7.95: Static Context Transfer

				IPv6, num_IR=2		7.76		3.39						IPv6, num_IR=2,                        Inter-Handover Interval = 5 sec		2.56		1.12		3.41		1.49

				IPv6, num_IR=3		11.39		4.85						IPv6, num_IR=3,                           Inter-Handover Interval = 5 sec		3.76		1.60		5.01		2.13

				IPv4, num_IR=2		5.33		3.39						IPv6, num_IR=2,                         Inter-Handover Interval = 2 sec		6.40		2.80		8.53		3.73

				IPv4, num_IR=3		7.76		4.85						IPv6, num_IR=3,                           Inter-Handover Interval = 2 sec		9.40		4.00		12.53		5.33

														IPv6, num_IR=2,                          Inter-Handover Interval = 1 sec		12.80		5.60		17.07		7.47

														IPv6, num_IR=3,                          Inter-Handover Interval = 1 sec		18.80		8.00		25.07		10.67

				Avg Number of RoHC Bytes per Handoff: UDP

						No Context Transfer		Static Context Transfer

				IPv6, num_IR=2		96		6

				IPv6, num_IR=3		144		9

				IPv4, num_IR=2

				IPv4, num_IR=3





						AMR 12.2		IPv6		128		188		56		80		8		12
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										num_IR=2		num_IR=3		num_IR=2		num_IR=3		num_IR=2		num_IR=3

										No Transfer		No Transfer		Static Context Transfer		Static Context Transfer		Full Context Transfer		Full Context Transfer

						0.25		480		64		94		28		40		4		6

						0.5		240		32		47		14		20		2		3

						0.75		160		21.3333333333		31.3333333333		9.3333333333		13.3333333333		1.3333333333		2

						1		120		16		23.5		7		10		1		1.5

						1.5		80		10.6666666667		15.6666666667		4.6666666667		6.6666666667		0.6666666667		1

						2		60		8		11.75		3.5		5		0.5		0.75

						3		40		5.3333333333		7.8333333333		2.3333333333		3.3333333333		0.3333333333		0.5

						4		30		4		5.875		1.75		2.5		0.25		0.375

						5		24		3.2		4.7		1.4		2		0.2		0.3

						6		20		2.6666666667		3.9166666667		1.1666666667		1.6666666667		0.1666666667		0.25

						7		17.1428571429		2.2857142857		3.3571428571		1		1.4285714286		0.1428571429		0.2142857143

						8		15		2		2.9375		0.875		1.25		0.125		0.1875

						9		13.3333333333		1.7777777778		2.6111111111		0.7777777778		1.1111111111		0.1111111111		0.1666666667

						10		12		1.6		2.35		0.7		1		0.1		0.15

						11		10.9090909091		1.4545454545		2.1363636364		0.6363636364		0.9090909091		0.0909090909		0.1363636364

						12		10		1.3333333333		1.9583333333		0.5833333333		0.8333333333		0.0833333333		0.125

						13		9.2307692308		1.2307692308		1.8076923077		0.5384615385		0.7692307692		0.0769230769		0.1153846154

						14		8.5714285714		1.1428571429		1.6785714286		0.5		0.7142857143		0.0714285714		0.1071428571

						15		8		1.0666666667		1.5666666667		0.4666666667		0.6666666667		0.0666666667		0.1

						16		7.5		1		1.46875		0.4375		0.625		0.0625		0.09375

						17		7.0588235294		0.9411764706		1.3823529412		0.4117647059		0.5882352941		0.0588235294		0.0882352941

						18		6.6666666667		0.8888888889		1.3055555556		0.3888888889		0.5555555556		0.0555555556		0.0833333333

						19		6.3157894737		0.8421052632		1.2368421053		0.3684210526		0.5263157895		0.0526315789		0.0789473684

						20		6		0.8		1.175		0.35		0.5		0.05		0.075

						21		5.7142857143		0.7619047619		1.119047619		0.3333333333		0.4761904762		0.0476190476		0.0714285714

						22		5.4545454545		0.7272727273		1.0681818182		0.3181818182		0.4545454545		0.0454545455		0.0681818182

						23		5.2173913043		0.6956521739		1.0217391304		0.3043478261		0.4347826087		0.0434782609		0.0652173913

						24		5		0.6666666667		0.9791666667		0.2916666667		0.4166666667		0.0416666667		0.0625

						25		4.8		0.64		0.94		0.28		0.4		0.04		0.06

						26		4.6153846154		0.6153846154		0.9038461538		0.2692307692		0.3846153846		0.0384615385		0.0576923077

						27		4.4444444444		0.5925925926		0.8703703704		0.2592592593		0.3703703704		0.037037037		0.0555555556

						28		4.2857142857		0.5714285714		0.8392857143		0.25		0.3571428571		0.0357142857		0.0535714286

						29		4.1379310345		0.5517241379		0.8103448276		0.2413793103		0.3448275862		0.0344827586		0.0517241379

						30		4		0.5333333333		0.7833333333		0.2333333333		0.3333333333		0.0333333333		0.05
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Sheet1

						Gaming App Size						Gaming Inter-Packet Time (msec)

						42		48		4		51

																		840

								No Context Transfer		Static Context Transfer

						IPv6, num IR = 2, Inter Handoff Interval = 5 sec		2.33		0.19

						IPv6, num IR = 3, Inter Handoff Interval = 5 sec		3.50		0.29

						IPv6, num IR = 2, Inter Handoff Interval = 2 sec		5.83		0.49

						IPv6, num IR = 3, Inter Handoff Interval = 2 sec		8.74		0.73

						IPv6, num IR = 2, Inter Handoff Interval = 1 sec		11.66		0.97

						IPv6, num IR = 3, Inter Handoff Interval = 1 sec		17.49		1.46
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