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Discussion
1. Introduction

In last RAN plenary RAN#61, the potential impact of Scalable UMTS to RAN2 was discussed and some of possible issues were identified as below [1]:

· Impact on Mobility (Idle & Connected states)

· 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 paper tries to have some analysis on signalling and user plane latency, some suggestions are given. In this paper, we use Scalable UMTS (N=2) for example, i.e., The S-UMTS time dilation solution reuses the UMTS FDD physical layer specifications. The S-UMTS time dilation solution is to reduce the chip rate to 1/N of the normal UMTS chip rate of 3.84 Mcps. For example, in a 2.5 MHz channel bandwidth (N=2), the chip rate is reduced by a factor of 2 relative to normal UMTS to 1.92 Mcps. 
2. Discussion
2.1. Signalling latency 
In this chapter, we analyze the signalling latency for PS call setup. The signalling latency can be defined as:

The timestamp of PDP context activation – the timestamp of UE start RACH process for sending RRC connection request message.

Below figure shows the steps for PS call setup.







Figure 1. Sup-steps for signalling flow
We analyze the each step for the latency. We assume the SRB over DCH and the SRB data rate is 13.6kbps for UMTS and Scalable UMTS. 
Based in TS34.108, we show the SRB mapping parameters for UMTS downlink.

Table 1 SRB mapping parameters for UMTS (DL 13.6kbps)
	Higher layer
	RAB/signalling RB
	SRB#1
	SRB#2

	
	User of Radio Bearer
	RRC
	RRC

	RLC
	Logical channel type
	DCCH
	DCCH

	
	RLC mode
	UM
	AM

	
	Payload sizes, bit
	136
	128

	
	Max data rate, bps
	3 400
	3 200

	
	AMD/UMD PDU header, bit
	8
	16

	MAC
	MAC header, bit
	4
	4

	
	MAC multiplexing
	4 logical channel multiplexing

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	148 (alt 0, 148) 

	
	TFS
	TF0, bits
	0x148 (alt 1x0) 

	
	
	TF1, bits
	1x148

	
	TTI, ms
	10

	
	Coding type
	CC 1/3

	
	CRC, bit
	16

	
	Max number of bits/TTI before rate matching
	516

	
	RM attribute
	155 to 230

	DPCH Downlink
(TTI: 10 ms)
	DTX position
	Fixed

	
	Spreading factor
	128


The SRB mapping parameters for S-UMTS is showed as below

Table 2 SRB mapping parameters for S-UMTS (DL 13.6kbps)

	Higher layer
	RAB/signalling RB
	SRB#1
	SRB#2

	
	User of Radio Bearer
	RRC
	RRC

	RLC
	Logical channel type
	DCCH
	DCCH

	
	RLC mode
	UM
	AM

	
	Payload sizes, bit
	136*2
	128*2

	
	Max data rate, bps
	3 400*2
	3 200*2

	
	AMD/UMD PDU header, bit
	8
	16

	MAC
	MAC header, bit
	4
	4

	
	MAC multiplexing
	4 logical channel multiplexing

	Layer 1
	TrCH type
	DCH

	
	TB sizes, bit
	148 (alt 0, 148) *2

	
	TFS
	TF0, bits
	0x148 (alt 1x0) 

	
	
	TF1, bits
	2x148

	
	TTI, ms
	20

	
	Coding type
	CC 1/3

	
	CRC, bit
	16

	
	Max number of bits/TTI before rate matching
	516*2

	
	RM attribute
	155 to 230

	DPCH Downlink
(TTI: 20 ms)
	DTX position
	Fixed

	
	Spreading factor
	64


For uplink SRB mapping, we can use the same way for Scalable UMTS. i.e. Reduce the spreading factor of the DPCH to half and support the same bit rate as UMTS. The DPCH in S-UMTS with 20 ms TTI can carry double bits as the DPCH in UMTS with 10ms TTI.
· For UMTS, if the signalling message transmit in even number of TTIs (N). S-UMTS can transmit the same signalling message in N/2 TTIs, which means the same time as UMTS.
·  For UMTS, if the signalling message transmit in odd number of TTIs (M+1). S-UMTS can transmit the same signalling message in M/2+1 TTIs, which means additional 10ms time as UMTS.
In below, we assume all of the signalling message transmit in UMTS consume odd number of TTIs. This will be the worst case for analyze the additional delay for S-UMTS.
PRACH Access

Since the TTI is extended to 20ms, the length for each access slot is doubled and length between each PRACH preamble and AICH indication is also doubled, thus in general the whole PRACH access latency is doubled.
RRC connection establishment

For the RRC connection establishment, the main latency introduced is the additional time during the scheduling of transmitting RRC messages, i.e., RRC CONNECTION REQUEST, RRC CONNNECTION SETUP and RRC CONNNECT SETUP COMPLETE, which is around 30ms (10ms for each message).

NAS procedure

For the NAS procedure, the main latency introduced is the additional time during the scheduling of transmitting SERVICE REQUEST message, which is about 10ms.

Security procedure

For the security procedure, the main latency introduced is the additional time during the scheduling of transmitting SECURITY MODE COMMAND and SECURITY MODE COMPLETE messages, which is about 20ms. (10ms for each message).

RAB and RB setup

For the RAB procedure, as this is the procedure between RNC and CN. No additional time introduced for S-UMTS comparing with UMTS.

For RB setup procedure, the main latency introduced is the additional time during the scheduling of transmitting RADIO BEARER SETUP and RADIO BERER SETUP COMPLETE messages, which is about 20ms. (10ms for each message).

Here it should be noted that the propagation delay over radio could be ignored, and the internal process time in UE side and network side should be similar for both UMTS and S-UMTS, based on such assumptions, the following observations could be achieved:

The additional latency introduced by S-UMTS mainly comes from the TTI extension and the main contribution comes from the scheduling of transmitting the RRC messages. The additional latency introduced by S-UMTS is around 90ms.

From the observations above and considering the actual signalling latency for UMTS (which is around 2s), the additional 90ms could be acceptable, i.e., the introduced latency by S-UMTS compared with UMTS is less than 5%
Observation 1: The additional latency introduced by Scalable UMTS (N=2) is about 5% for PS call setup comparing with UMTS.

2.2. User plane latency
For user plane latency, since the performance of data transmission is up to many factors, in order to simplify the discussion, here we propose two methods to evaluate the potential impact introduced by S-UMTS compared with UMTS:
Method 1: Same users for UMTS and S-UMTS (Same bit rate per user) 

For this method, since the frequency resource for UMTS is two times of S-UMTS, a rough estimation is that latency for S-UMTS should also be two times of UMTS, assuming the same TB parameters are used.
Method 2: half users for S-UMTS comparing with UMTS (Same bit rate per user) 

For this method, from frequency resource point of view, as could be seen that the available resource for each S-UMTS or UMTS UE is the same, and the possibility of scheduling a UE in an S-UMTS cell should be similar as a UE in a UMTS cell. In that sense, the average latency for each UE in UMTS cell and S-UMTS cell should be similar. 
Considering the fact the method 2 is more practical in real field, so we could reach the following observation:

Observation 2: If the number of UEs served by S-UMTS cell is half of those served by UMTS cell, the user plane latency is similar between S-UMTS and UMTS.
3. Conclusion

This contribution tried to have some analysis on signalling and user plane latency for S-UMTS, some observations were reached, based on these observations, we could see that for signalling in S-UMTS, the introduced latency is mainly the additional delay of scheduling the transmission of RRC messages due to TTI extension; while for use plane, the latency is similar between S-UMTS and UMTS, assuming that the number of UEs served by an S-UMTS cell is half of those served by a UMTS cell.
Proposal: it is proposed RAN2 to discuss and agree the observations in this contribution and capture them into TP.
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