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1 [bookmark: _GoBack] Introduction
During the 3GPP RAN Plenary #60 meeting it was agreed that RAN WG2 should evaluate the following S-UMTS time dilation solution items and provide feedback to RAN WG1 in the form of a text proposal for the RAN WG1 TR (i.e., TR 25.701):
· Impact on mobility (idle and connected state)
· Impact on SIBs acquisition
· Impact on signalling and user plane latency
· Impact on MAC, RLC and RRC performance, including impact on timers and procedures
This contribution evaluates the S-UMTS time dilation solution impacts on user plane latency specifically related to CELL_FACH state for data traffic. A corresponding TR TP is provided in [2].
2 Discussion
2.1 [bookmark: _Ref363648936]Overview
The power spectral density (PSD) of the S-UMTS time dilation solution in both the uplink and downlink can be either the same as normal UMTS or scaled by a factor of N relative to normal UMTS (where N=2 or 4). In the first case the S-UMTS total transmit power is 1/N of normal UMTS. In the second case the S-UMTS total transmit power is the same as normal UMTS. This is illustrated in Figure 1 and Figure 2.
In Figure 1, for the uplink, if the normal UMTS UE transmit power is 23 dBm, then the S-UMTS UE transmit power is 23 dBm – 10log10(N) (i.e., 20 dBm for S-UMTS N=2 and 17 dBm for S-UMTS N=4). For the downlink, if the normal UMTS Node B/cell transmit power is 43 dBm, then the S-UMTS Node B/cell transmit power is 43 dBm - 10log10(N) (i.e., 40 dBm for S-UMTS N=2 and 37 dBm for S-UMTS N=4).
In Figure 2, for the uplink, if the normal UMTS UE transmit power is 23 dBm, then the S-UMTS UE transmit power is also 23 dBm (for both S-UMTS N=2 and N=4). For the downlink, if the normal UMTS Node B/cell transmit power is 43 dBm, then the S-UMTS Node B/cell transmit power is also 43 dBm (for both S-UMTS N=2 and N=4).
When the PSD of the S-UMTS time dilation solution is the same as normal UMTS (as shown in Figure 1) then the S-UMTS data rate and/or latency are scaled accordingly (i.e., by a factor of N). For example, if 100 bits are transmitted on an E-DCH with a 10ms TTI for normal UMTS then this translates to 100 bits being transmitted on an E-DCH with an N*10ms TTI for the S-UMTS time dilation solution.
However, when the PSD of the S-UMTS time dilation solution is scaled by a factor of N relative to normal UMTS (as shown in Figure 2) then the extra power available for S-UMTS can be used to overcome the data rate and/or latency impacts mentioned above and, in the process, achieve a performance that is comparable to normal UMTS. In what follows, two cases for latency are analysed. In one case, the data rate is assumed to be the same between UMTS and S-UMTS and the impact on latency is captured. This is referred to as the “same rate” case. In the second case, the extra power in S-UMTS is used to overcome some of the latency impacts but with a reduced data rate for S-UMTS. This is referred to as the “reduced rate” case.
The UTRAN backhaul, core network as well as processing delays are unchanged due to time dilation solution of S-UMTS. For the analysis presented in this paper, the contribution from these aspects is not considered. It suffices to say that these would add similar delays in U-plane for both normal UMTS and S-UMTS thereby reducing the impact in latency for time dilation S-UMTS solution.


[bookmark: _Ref363575058]Figure 1 S-UMTS PSD same as normal UMTS (i.e., S-UMTS transmit power 1/N of normal UMTS)




[bookmark: _Ref363575061]Figure 2 S-UMTS PSD scaled by N relative to normal UMTS (i.e., S-UMTS transmit power same as normal UMTS)

2.2  User Plane Latency Analysis in CELL_FACH state
2.2.1 [bookmark: _Ref363631258]Uplink
2.2.1.1 RACH
The user-plane latency in case of uplink transmissions on RACH is introduced from three sources:-
(1)  Latency due to reading of SIB7
(2)  Latency from physical random access preamble ramping procedure
(3)  Latency from actual transmission of the data message part i.e. TTI duration
Items (1) and (2) were studied in detail in [3]. Table 1 lists the latency impact due to item (3). Table 2 captures the overall user-plane latency impact on RACH in S-UMTS.
[bookmark: _Ref362259499]Table 1 Normal UMTS and S-UMTS RACH User-plane latency due to TTI elongation 
	RACH TTI duration (ms)
	N
	Normal UMTS RACH 
User-plane Latency (ms)
	S-UMTS RACH 
User-plane Latency (ms)
	S-UMTS RACH 
Excess Latency (ms)

	10
	2 
	10
	20
	10

	20
	2 
	20 
	40
	20

	10
	4 
	10
	40
	30

	20
	4 
	20
	80
	60



[bookmark: _Ref363628701]Table 2 Estimated overall U-plane latency for normal UMTS and S-UMTS with RACH
	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	(1) Time taken to read SIB7
	145
	165
	205
	20 
	60
	Depends upon network parameters. Affected by SIB7 repetition period. See [3] for details.

	(2) Time taken to perform the PRACH preamble ramping 
	16
	32
	64
	16
	48
	Affected by RF conditions and parameter settings. See [3] for details.

	(3) Time taken for message transmission
	RACH TTI=10ms
	10
	20
	40
	10
	30
	From Table 1.

	
	RACH TTI=20ms
	20
	40
	80
	30
	70
	

	
Total
	RACH TTI=10ms
	171
	217
	309
	46
	138
	

	
	RACH TTI=20ms
	181
	237
	349
	66
	178
	



It should be noted that in case of RLC segmentation on RACH, the extra power available for S-UMTS can be used to reduce the excess latency in S-UMTS compared to normal UMTS. Let us consider a case where the RACH TB size is configured at 150 bits with 10ms TTI in normal UMTS. If the UE has 200 bits of data to transmit, it would take 145 (SIB 7 reading) + 2*16 (PRACH Preamble Duration) + 2*10 (RACH TTI) = 197ms to transmit the data in normal UMTS. In N=2 S-UMTS, the (3dB) extra power available can be used to configure a RACH TB size of 300 bits with 20ms TTI with similar coverage. Then, it would take 165 (SIB 7 reading) + 1*32 (PRACH Preamble Duration) + 1*20 (RACH TTI) = 217ms to transmit the data. This corresponds to only 20ms excess latency for S-UMTS compared to 66ms as listed in Table 2
2.2.1.2 Common E-DCH
Common E-DCH utilizes E-DPDCH/E-DPCCH physical channels for uplink transmissions in CELL_FACH state. With Common E-DCH, it can be assumed that the UE is not required to read SIB7 since the UE will likely be camping in CELL_FACH state thus having an up to date value (of SIB7) already. Also, if the IE “UL interference” is included in SIB5/5bis, the UE is not required to read SIB7 [4]. The other two items ((2) and (3)) listed above would still impact the user-plane latency in S-UMTS for Common E-DCH. Also, two other sources of latency need to be considered for this case:-
(4)  Latency due to pilot (DPCCH) only transmission duration i.e. DPCCH preamble 
(5)  Latency due to interlace structure of HARQ
The impact due to item (2) for Common E-DCH is the same as that for RACH. Table 3 lists the user plane delay impact due to item (3) in case of Common E-DCH.
[bookmark: _Ref363632310]Table 3 Normal UMTS and S-UMTS Common E-DCH User-plane latency due to TTI elongation 
	E-DCH TTI duration (ms)
	N
	UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS 
Common E-DCH 
Excess Latency (ms)

	2
	2 
	2
	4
	2

	10
	2 
	10 
	20
	10

	2
	4 
	2
	8
	6

	10
	4 
	10
	40
	30



Table 4 lists the user plane latency impact due to item (4). Here we assume preamble (DPCCH only) transmission duration of 20ms. 
[bookmark: _Ref363630271]Table 4 Normal UMTS and S-UMTS Common E-DCH User-plane latency due to DPCCH preamble 
	E-DCH TTI duration (ms)
	N
	UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS
Common E-DCH 
Excess Latency (ms)

	2
	2 
	20
	40
	20

	10
	2 
	20 
	40
	20

	2
	4 
	20
	80
	60

	10
	4 
	20
	80
	60



The analysis above assumes no change to the physical layer processing (except for time dilation) to achieve synchronization at the Node-B, i.e. the number of chips of DPCCH only transmission remains the same between UMTS and S-UMTS. Following similar arguments as in section 2.1, it can be argued that due to the excess energy accumulated over given amount of time in S-UMTS, the duration of the DPCCH only preamble (configured in SIB5/5bis/22) could be reduced from that listed in Table 4 for S-UMTS.
When analysing the user-plane latency impact due to item (5), i.e. HARQ, two cases should be considered as discussed in section 2.1. In one case, referred to as “same rate”, the data rate is assumed to be the same between UMTS and S-UMTS. In the second case, referred to as “reduced rate”, the extra power in S-UMTS is used to overcome the latency impact of HARQ at the cost of reduced data rate.
Table 5 lists the user plane latency impact due to HARQ for the “same rate” case. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions.
[bookmark: _Ref363630102]Table 5 Normal UMTS and S-UMTS Common E-DCH User-plane latency due to HARQ for “same rate” case
	E-DCH TTI duration (ms)
	N
	UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS
Common E-DCH 
Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	2.8
	1.4

	10
	2 
	3 (=0.9*10+0.1*4*10 - 10)
	6
	3

	2
	4 
	1.4
	5.6
	4.2

	10
	4 
	3
	12
	9



Table 6 lists the user plane latency impact due to HARQ for “reduced rate case”, where the extra power available for S-UMTS is used to increase the probability that only a single HARQ transmission is required relative to normal UMTS. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions for normal UMTS and single transmission for S-UMTS.
[bookmark: _Ref363657567]Table 6 Normal UMTS and S-UMTS Common E-DCH User-plane latency due to HARQ for “reduced rate” case
	E-DCH TTI duration (ms)
	N
	UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS 
Common E-DCH 
User-plane Latency (ms)
	S-UMTS
Common E-DCH 
Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	0
	-1.4

	10
	2 
	3 (=0.9*10+0.1*4*10 - 10)
	0
	-3

	2
	4 
	1.4
	0
	-1.4

	10
	4 
	3
	0
	-3



[bookmark: _Ref363631524]Table 7 captures the overall user-plane latency impact with common E-DCH in S-UMTS for the “same rate” case. Table 8 captures the overall user-plane latency impact with common E-DCH in “reduced rate” S-UMTS case.
[bookmark: _Ref363657150]Table 7 Overall u-plane latency for normal UMTS and S-UMTS with Common E-DCH for “same rate” case
	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	(1) Time taken to read SIB7
	NA
	NA
	NA
	NA
	NA
	Assumes UE is either camped in CELL_FACH state thus has an up to date value or “UL Interference” is included in SIB5/5bis.

	(2) Time taken to perform the PRACH preamble ramping 
	16
	32
	64
	16
	48
	Same as Table 2

	(3) Time taken for message transmission
	Common E-DCH TTI=2ms
	2
	4
	8
	2
	6
	From Table 3.

	
	Common E-DCH TTI=10ms
	10
	20
	40
	10
	30
	

	(4) Time taken for pilot preamble only transmission
	20
	40
	80
	20
	60
	From Table 4

	(5) Time to allow for HARQ
	Common E-DCH TTI=2ms
	1.4
	2.8
	5.6
	1.4
	4.2
	From Table 5

	
	Common E-DCH TTI=10ms
	3
	6
	12
	3
	9
	

	
Total
	Common E-DCH TTI=2ms
	39.4
	78.8
	157.6
	39.4
	118.2
	

	
	Common E-DCH TTI=10ms
	49
	98
	196
	49
	147
	



[bookmark: _Ref363657763]Table 8 Overall u-plane latency for normal UMTS and S-UMTS with Common E-DCH for “reduced rate” case
	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	(1) Time taken to read SIB7
	NA
	NA
	NA
	NA
	NA
	Assumes UE is either camped in CELL_FACH state thus has an up to date value or “UL Interference” is included in SIB5/5bis.

	(2) Time taken to perform the PRACH preamble ramping 
	16
	32
	64
	16
	48
	Same as Table 2

	(3) Time taken for message transmission
	Common E-DCH TTI=2ms
	2
	4
	8
	2
	6
	From Table 3.

	
	Common E-DCH TTI=10ms
	10
	20
	40
	10
	30
	

	(4) Time taken for pilot preamble only transmission
	20
	40
	80
	20
	60
	From Table 4

	(5) Time to allow for HARQ
	Common E-DCH TTI=2ms
	1.4
	0
	0
	-1.4
	-1.4
	From Table 5

	
	Common E-DCH TTI=10ms
	3
	0
	0
	-3
	-3
	

	
Total
	Common E-DCH TTI=2ms
	39.4
	76
	152
	36.6
	112.6
	

	
	Common E-DCH TTI=10ms
	49
	92
	184
	43
	135
	



2.2.2    Downlink
2.2.2.1 FACH
For FACH transport channel, SCCPCH is used at the physical layer for downlink transmissions to the UE in CELL_FACH state. Unlike the uplink, there are no delays associated with SIB acquisition or preamble ramping to transmit data to the UE in the downlink in CELL_FACH. The only excess latency introduced in the user-plane is due to the actual transmission duration, i.e. the SCCPCH TTI elongation. In normal UMTS, the SCCPCH TTI is 10ms which would get elongated to 20ms and 40ms for S-UMTS N=2 and N=4 case. This is captured in Table 9 below.

[bookmark: _Ref363636458]Table 9 Estimated overall U-plane latency for normal UMTS and S-UMTS with FACH
	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken for message transmission
	10
	20
	40
	10
	30
	

	Total
	10
	20
	40
	10
	30
	



2.2.2.2 HS-DSCH in CELL_FACH
For HS-DSCH downlink transmissions in CELL_FACH state, apart from the TTI elongation, the HARQ structure would add to the user-plane latency in S-UMTS compared to normal UMTS.

Similar to Common E-DCH, when analysing the user-plane latency impact due to HARQ, two cases should be considered, i.e. “same rate” and “reduced rate”. Table 10 lists the user plane latency impact due to HARQ for the “same rate” case. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions. Table 11 lists the user plane latency impact due to HARQ for “reduced rate case”. Here we assume a target of 10% BLER after 1st transmission and a maximum of 2 transmissions for normal UMTS and single transmission for S-UMTS.
[bookmark: _Ref363649144]Table 10 Normal UMTS and S-UMTS HS-DSCH User-plane latency due to HARQ for “same rate” case
	HS-DSCH TTI duration (ms)
	N
	UMTS HS-DSCH 
User-plane Latency (ms)
	S-UMTS HS-DSCH 
User-plane Latency (ms)
	S-UMTS HS-DSCH 
Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	2.8
	1.4

	2
	4 
	1.4
	5.6
	4.2



[bookmark: _Ref363658873]Table 11 Normal UMTS and S-UMTS HS-DSCH User-plane latency due to HARQ for “reduced rate” case
	HS-DSCH TTI duration (ms)
	N
	UMTS HS-DSCH 
User-plane Latency (ms)
	S-UMTS HS-DSCH 
User-plane Latency (ms)
	S-UMTS HS-DSCH 
Excess Latency (ms)

	2
	2 
	1.4 (=0.9*2+0.1*8*2 - 2)
	0
	-1.4

	2
	4 
	1.4
	0
	-1.4



Table 12 captures the overall user-plane latency impact with HS-DSCH in CELL_FACH in S-UMTS for the “same rate” case. Table 13 captures the overall user-plane latency impact with HS-DSCH in CELL_FACH in S-UMTS for the “reduced rate” case.
[bookmark: _Ref363649298]Table 12 Overall u-plane latency with HS-DSCH in CELL_FACH for “same rate” case
	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken for message transmission
	2
	4
	8
	2
	6
	

	Time to allow for HARQ
	1.4
	2.8
	5.6
	1.4
	4.2
	

	Total
	3.4
	6.8
	13.6
	3.4
	10.2
	



[bookmark: _Ref363662913]Table 13 Overall u-plane latency with HS-DSCH in CELL_FACH for “reduced rate” case
	Item
	Normal UMTS latency (ms)
	S-UMTS N=2 latency (ms)
	S-UMTS N=4 latency (ms)
	∆N=2 (ms)
	∆N=4 (ms)
	Comments

	Time taken for message transmission
	2
	4
	8
	2
	6
	

	Time to allow for HARQ
	1.4
	0
	0
	-1.4
	-1.4
	

	Total
	3.4
	4
	8
	0.6
	4.6
	




3 [bookmark: OLE_LINK79][bookmark: OLE_LINK69] Conclusions
Based on the above considerations, it is proposed to agree to and capture the text proposal on the S-UMTS time dilation solution impact on user plane latency in CELL_FACH as presented in [2] for inclusion in the Scalable UMTS FDD Bandwidth Technical Report.
4  References
[1] [bookmark: _Ref361638922][bookmark: _Ref351966752]R1-130821, “Skeleton for Scalable UMTS FDD Technical Report”, China Unicom
[2] [bookmark: _Ref363638360]R2-132460, Scalable UMTS_TP on RAN2 related impacts, Qualcomm Incorporated
[3] R1-132455, “Access and Radio Bearer Setup Latency Analysis for S-UMTS N=2 Time Dilation Solution”, Qualcomm Incorporated
[4] [bookmark: _Ref363633169]TS 25.331, RRC specification


image1.emf
Y(t)

A

T

c

Y(t)

A/√2

2T

c

T

2T

t

t

Normal UMTS

S-UMTS N=2

Normal UMTS

S-UMTS N=2

f

5 MHz

f

2.5 MHz

PSD

PSD

A

2

*T

c

A

2

*T

c


oleObject1.bin
�

Y(t)


A


Tc



image2.emf
Y(t)

A

T

c

Y(t)

A

2T

c

T

2T

t

t

Normal UMTS

S-UMTS N=2

f

2.5 MHz

PSD

A

2

*T

c

A

2

*2T

c

Normal UMTS

f

5 MHz

PSD

A

2

*T

c

S-UMTS N=2


oleObject2.bin
�

Y(t)


A


Tc



