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1 Introduction
This document addresses the different correction factors that have been presented for deriving the UE delay for UMTS.

The discussion is based on comparison to the proposed definition of UE delay reference points for LTE as described in TD S4-130839

· The UE delay in the send (uplink) direction is the delay between the first acoustic event at the MRP to the last bit of the corresponding speech frame at the UE antenna

· The UE delay in the receive (downlink) direction is the delay between the first bit of a speech frame at the UE antenna and the first acoustic event at the DRP corresponding to that speech frame

A graphical illustration to the reference points defined in TD S4-130 839 is presented in Figure 1 and Figure 2.
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Figure 1: UE send reference points.
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Figure 2: UE receive reference points.
For UMTS, no definition of the UE delay reference point is included in 26.131, and the reference points has been assumed to be implicitly defined via the correction factors used when measuring the delay with a system simulator. This is further discussed in Section 2.3.
For GSM, TS 43.050 defines the reference points similar to TD S4-130 839, but with the UE delay in the receiving direction measured to the last acoustic event at DRP instead of the first acoustic event. This corresponds to an event 20 ms after the acoustic event used in the definition in TD S4-130 839, as discussed in Section 2.2.2.
2 System simulator correction factors for UMTS UE delay measurements

Obviously, the correction factors will differ if the full air interface (T_radio) is attributed to the UE delay on both the up- and downlink or if only half the radio transmission is attributed to the UE, and if the first or last acoustic event at DRP corresponding to the information in one speech frame is considered in the downlink.
2.1 Inclusion of air interface to the UE delay

The inclusion of the air interface time is a matter of definition. The correction values presented in TD S4-130241 is stated to include only half the air interface. Although not explicitly stated in the document, it is assumed that the correction values presented in TD S4-130398 attributes the full air interface to the UE.
2.2 First or last acoustic event at DRP

As outlined in this sub-section, the measurement of the UE delay via signal correlation may lead to that the operational mode of the system simulator impacts if the delay is measured to the first or last acoustic event at DRP. Unless this effect is compensated for in the correction factors, the sum of the send and receive UE delay will not equal the delay that is measured when the system simulator is operating in echo mode.
2.2.1 UE send delay measurement

Figure 3 outlines the measurement procedure for the UE send delay. The maximum of the cross-correlation of the received signal in the system simulator and the signal played at the MRP is composed of:

 [time for loudspeaker playback of reference signal] + [UE send delay] +
[time for decoding of speech frame in the system simulator] 
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Figure 3: UE send delay measurement via signal correlation.

Hence, by subtracting the time for the system simulator decoding process and the time for the measurement from the maximum correlation lag, a measurement according to the definition of TD-S4-130 839 is obtained. 
2.2.2 UE receive delay measurement

The measurement of the UE receive delay is depicted in Figure 4. With the definition of the UE receive delay as in Section 1, the maximum of the cross-correlation for this case includes:

[time for recording of DRP signal] + [UE receive delay] +
[time for encoding of speech frame in the system simulator] + 
[time of one speech frame] 
Thus, unless the length of one speech frame (of 20 ms) is included in the correction factor, the UE receive delay measured via signal correlation measures from the first bit to the last acoustic event at DRP.
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Figure 4: UE receive delay measurement via signal correlation.
2.2.3 UE send+receive measurement in system simulator echo operation
The measurement of the sum of the UE send and receive delay with a system simulator operating in loopback is depicted in Figure 5. As seen from the diagram, the maximum of the cross-correlation includes

[time for loudspeaker playback of reference signal] + 
[UE send delay] +
[time for system simulator echo] + 
[UE receive delay] +
[time for recording of DRP signal]
Thus, measuring via signal correlation when the system simulator operates echo mode does not include the extra speech frame of 20 ms that would correspond to a definition to the last acoustic event at DRP, and the usage of the correction factor for the system simulator echo delay gives a measurement according to the definition of the first acoustic event at DRP. 
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Figure 5: UE send+receive delay measurement via signal correlation and system simulator loopback operation.

2.3 Comparison of correction factors

A summary of the different correction factors is presented in Table 1.

For the system simulator in echo mode, the 20 ms difference in the correction factors presented in TD S4-130 389 and TD S4-130 241 corresponds to the different definitions on the inclusion of the air interface in the UE delay. The correction factor of 580 ms presented in TD S4-130 389 corresponds to the proposed reference points in TD S4-130 839 (“LTE proposal”) with the full air interface attributed to the UE. 
The correction factor for measuring the UE receive delay does not match the DRP reference point for echo mode, but an extra 20 ms speech frame delay is included as described in Section 2.2.2. Thus, to obtain the same DRP reference point as for the echo mode, 20 ms should be added to the correction factor. Furthermore, to include the full air interface also for the individual link measurements, 10 ms should be subtracted from the respective UL and DL correction factors.
Thus, an uplink correction factor of 85 ms – 10 ms = 75 ms (for both NB and WB) and a downlink correction factor of 125/145 ms + 20 ms – 10 ms = 135/155 ms (NB/WB) corresponds to the reference points defined in TD S4-130 839 with the full effect of the air interface included in the UE delay and measurement from the first acoustic event at MRP to the corresponding first acoustic event at DRP. 
It can be noted that due to that the air interface time in UMTS is of the same duration as a speech frame, coincidentally the sum of the correction factors presented in TD S4-130 241 and the updated correction factors to correspond to the definition in TD S4-130 839 of the UE delay reference points is identical. Thus, using the proposed correction factors for the individual links of TD S4-130 241 would result in a sum of the measured value that corresponds to measuring according to the definition in TD S4-130 839.  
Table 1: System simulator correction factors for UMTS.

	
	Echo mode
	Uplink
	Downlink

	
	Acoustic event at DRP on receive
	
	Acoustic event at DRP on receive

	
	First
	Last
	
	First
	Last

	UE full air interface
	TD S4-130 839,
TD S4-130 389
580 ms (NB+WB)
	
	TD S4-130 839
75 ms (NB+WB)
	TD S4-130 839
135 ms (NB)
155 ms (WB)
	

	UE half air interface
	TD S4-130 241
600 ms (NB+WB)
	
	TD S4-130 241
85 ms (NB+WB)
	
	TD S4-130 241
125 ms (NB)
145 ms (WB)


3 Conclusion
It is concluded that the most established correction factors for measuring the UMTS UE delay with the system simulator operating in echo mode measures the sum of the UE send and receive delay according to the reference points as defined in TD S4-130 839.

It is proposed to clarify in TS 26.131 that the reference points assumed for UMTS UE delay requirements are as defined in TD S4-130 839.
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