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1. Introduction
A study item on Scalable UMTS was started in RAN#58 [1]. At RAN#61, it was approved in [2] that 85% of the SI is completed with a list of open issues to be addressed in RAN1 as:
· System level evaluation using bursty traffic

· Evaluation of the user plane latency and its implications to user experience

· Evaluation of the impacts of time-dilated UMTS to UE performance (e.g. battery life CPC, CELL_FACH impacts)

· Evaluation of the impacts of time-dilated UMTS on network performance and optimization

· Coverage analysis for voice (with 50msec latency) and data (with equal data rates) 

· Review TP on link level simulation results

· Capture system level simulation assumptions in the TR

This contribution evaluates the impacts of scalable UMTS time dilation solution on user plane latency, TCP transmission and their implications to user experience. 
2. Discussion
2.1 DL Uu latency
We consider the following factors that contribute to DL latency: 
· The size of MAC PDUs supported by the physical layer
· The MAC PDU size depends on the radio condition. In case of bad radio condition e.g. in cell edge, the MAC PDU is segmented to several small PDUs. 
· The amount of HARQ retransmissions and the HARQ RTT
· The HARQ-RTT time is scaled in time dilated UMTS, however it is possible to reduce the maximum transmission number by setting higher power offset for scalable UMTS to achieve a certain latency target.
· Scheduling time
· The scheduling time depends on the traffic conditions and other users that need to be scheduled. The schedule time would be the same for UMTS and Scalable UMTS when the number of users in Scalable -UMTS is half of that in UMTS, since the scheduler could meet QoS constraints for all users in this case.
· RLC retransmission time
· The RLC re-transmission will be activated only when all physical HARQ attempts are failed, so it is very infrequent when the physical layer HARQ processes works well, since the probability of maximum transmission is very small (far below 10-4). Hence the RLC re-transmission can be negligible.
Based on above analysis, it can be observed that the user plane data latency mainly depends on two factors: the HARQ transmission and the number of MAC PDUs. A further latency analysis on unloaded (one user) and loaded scenario (multi user) is provided below. Note that typically loaded scenario is the most relevant scenario in practical network.
Unloaded scenario
In this case a single user is scheduled. The latency for Scalable UMTS is almost N times of that for normal UMTS. Table 2.1-1 shows the average user-plane latency for (Scalable) UMTS w/o retransmission and maximum transmission number is 2. The latency is computed as: User-plane Latency = M*(TTI*(1- p) + HARQ-RTT * p), where M is MAC PDU packets number, HARQ-RTT = HARQ process number * TTI.
Considering the system is unloaded, the MAC segment number is not large, say 1-5, the additional latency is up to 15ms for 2.5MHz Scalable UMTS (N=2) and up to 45ms for 1.25MHz Scalable UMTS (N=4).
Table2.1-1: UMTS and Scalable UMTS DL user plane latency, HARQ process number = 6
	
	
	User-plane Latency (ms)

	MAC PDUs number (M)
	Retransmission probability (p)
	UMTS 

N=1  (TTI=2ms)
	scalable UMTS:
N=2  (TTI=4ms)
	scalable UMTS:
N=4  (TTI=8ms)

	1
	No retransmission (p=0)
	2
	4
	8

	
	10% retransmission (p=10%)
	3
	6
	12

	…

	3
	No retransmission (p=0)
	6
	12
	24

	
	10% retransmission (p=10%)
	9
	18
	36

	…

	5
	No retransmission (p=0)
	10
	20
	40

	
	10% retransmission (p=10%)
	15
	30
	60

	…


Loaded Scenario
In this case multi-users are scheduled. Figure 2.1-1 illustrates the additional delay of a UE in Scalable UMTS cell serving 4 UEs comparing to UMTS cell serving 8 UEs, both no retransmission and one retransmission are considered. Here roundrobin scheduling is assumed and retransmission is given highest priority. The additional delay results versus number of PDUs are provided in Table 2.1-2. It can be observed that the (average) additional delay is about 2~3 ms, which shows the additional latency for Scalable UMTS over UMTS is negligible.
Table 2.1-2: Average user-plane latency for (Scalable) UMTS w/o retransmission, max-transmission =2, HARQ process number =6, 8 users for UMTS and 4 users for Scalable UMTS

	Delay = delay for non-retransmission * probability of no retransmission 
  + delay for retransmission * probability of retransmission


	Number of PDU (M)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Delay for non- retransmission (p=0)
	2

	Delay for 10% retransmission
	3.2
	2.38
	2.36
	2.34
	2.33
	2.31
	2.30
	2.28
	2.27
	2.26


NOTE: Probability of no retransmission = 0.9^M, delay for non-retransmission = 2ms; probability of retransmission = (1-0.9^M), delay for retransmission = 14ms when M=1, and delay for retransmission in M PDUs  = ((M-2)*2ms -6ms+14ms)/M when M>1; wherein for the retransmission at 1st to (M-2)th PDU, the delay is 2ms, for the retransmission at (M-1)th PDU is -6ms, and for the retransmission at the last PDU is 14ms (a UMTS HARQ-RTT 12ms + 2ms)
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Figure 2.1-1: Illustration of data transmission, 8 users for UMTS and 4 users for scalable UMTS (N=2); Case 1 is without retransmission, Case 2 is with one retransmission
2.2 UL Uu latency
Similar to downlink, the HARQ transmission and the number of MAC PDUs are the main contributors to UL Uu delay. Both unloaded (one user) and loaded scenario (multi user) are considered below. Note that typically loaded scenario is the most relevant scenario in practical network.
Unloaded scenario
In this case a single user is scheduled. The table2.2-1 provides the UL latency due to HARQ. The latency is computed as: User-plane Latency = M*(TTI*(1- p) + 8 * TTI * p), where M is MAC PDU packets number. The additional latency is up to 17ms for Scalable UMTS (N=2) and up to 51ms for Scalable UMTS (N=4). 
Table 2.2-1 UMTS and Scalable -UMTS UL user plane latency due to HARQ
	
	
	User-plane Latency (ms)

	MAC PDUs segment number (M)
	Retransmission probability (p)
	UMTS 

N=1  (TTI=2ms)
	scalable UMTS:

N=2  (TTI=4ms)
	scalable UMTS:

N=4  (TTI=8ms)

	1
	No retransmission (p=0)
	2
	4
	8

	
	10% retransmission (p=10%)
	3.4
	6.8
	13.6

	

	3
	No retransmission (p=0)
	6
	12
	24

	
	10% retransmission (p=10%)
	10.2
	20.4
	40.8

	

	5
	No retransmission (p=0)
	10
	20
	40

	
	10% retransmission (p=10%)
	17
	34
	68

	


Loaded Scenario
In this case multi-users are scheduled. The additional delay results versus number of PDUs are provided in Table 2.2-2, where scalable UMTS cell serving 4 UEs comparing to UMTS cell serving 8 UEs are assumed, roundrobin scheduling is assumed and retransmission is given highest priority. It can be observed that the (average) additional delay is about 3~4 ms, which shows the additional latency for Scalable UMTS over UMTS is negligible.
Table 2.2-2: Average user-plane latency for (Scalable) UMTS w/o retransmission, max-transmission =2, HARQ process number =8, 8 users for UMTS and 4 users for Scalable UMTS
	Delay = delay for non-retransmission * probability of no retransmission 
  + delay for retransmission * probability of retransmission


	Number of PDU (M)
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Delay for non- retransmission (p=0)
	2

	Delay for 10% retransmission
	3.60 
	3.52 
	3.45 
	3.38 
	3.31 
	3.25 
	3.19 
	3.14 
	3.09 
	3.04 


NOTE: probability of no retransmission = 0.9^M, delay for non-retransmission = 2ms; probability of retransmission = (1-0.9^M), delay for retransmission in M PDUs = ((M-1)*2ms+18ms)/M; wherein for the retransmission at 1st to (M-1)th PDU, the delay is 2ms, and for the retransmission at the last PDU is 18ms (a UMTS HARQ-RTT 16ms + 2ms)
2.3 TCP latency
TCP procedure includes synchronization, slow start, congestion avoidance phases as shown in Figure 2.3-1. The total RTT equals to air interface RTT plus CN RRT + internet RTT, where the air interface RTT is presented in section 2.1 and 2.2, and CN RRT+internet RTT is almost 25ms. The synchronization phase is usually 1.5-2 total RTT. The synchronization phase only happens when TCP setup, and does not exist after data transmission. The slow start phase plus congestion avoidance phase cost usually 2-5 total RTT. The slow start phase plus congestion avoidance phase are main aspects relevant to user experience, so a shorter time cost improves the user experience. The end user does not, in general, notice any effects of slow start/congestion avoidance phases with total RTT values typically less than 100 ms.[4][5]
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Figure 2.3-1 TCP procedure

The discussion in sections 2.1 and 2.2 indicates total RTT is typically smaller than 100msec, resulting in almost no impact on the user’s perception of their service. Currently there are many solutions to speed up the TCP slow start/congestion avoidance phases, for example “Fast Retransmit and Fast Recovery”, etc in [6]. If utilizing these optimization solutions in Scalable UMTS, there could be a great time reduction in the slow start phase/ congestion avoidance phase, which helps that the end user experience with regards to user plan latency for scalable UMTS is the same as normal UMTS for the vast majority of TCP/IP applications.

[image: image3.png]cwnd 4 Packet Loss Detected

(KB) -
Congestion Aveidance
ssthres
h
Congestion Avoidance
Fast Retrinmit &)
Fast Recovery
1 1 1 1 | | -
10 15 20 E 30 RTT




Figure 2.3-2   TCP procedure of Fast Retransmit and Fast Recovery
3
Conclusions

In this contrition user plan latency of scalable UMTS is analyzed. It can be concluded that in case of loaded scenario the additional latency increase by scalable UMTS over normal UMTS is small, i.e. in the order of several milliseconds, while in case of unloaded scenario the latency for Scalable UMTS is almost N times of that for normal UMTS. The impact on end user experience due to TCP latency of scalable UMTS is expected to be negligible.
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