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1
Introduction

The ability to deploy UMTS-like systems in bandwidths smaller than 5 MHz is provided by Scalable UMTS (S-UMTS) [1], [2]. In previous meeting, concerns were raised regarding the receiver requirements for S-UMTS, specifically its tolerance to jamming signals in the neighbouring bands.
In this document, we present comprehensive analysis characterizing the performance for Time dilation UMTS receiver and provide comparisons with the existing UMTS receiver performance. The results are provided both in terms of measurements and simulation studies. We consider all the elaborate scenarios for REFSENS, ACS, narrowband and in-band blocking tests in TS 25.101. We assume new test cases with Time dilation UMTS signal as the interferer. We assume equal power of the UE on the uplink and hence PSD of Time dilation UMTS will be a scaled version of UMTS on the uplink. We note that hence the results presented in this document are worse-case for Time dilation UMTS performance for which the transmitter (that is a self-jammer) power level could be smaller, if same PSD assumption holds.
2
Measurement/Simulation methodology

The test setup used for measurements is illustrated in Figures 1 and 2. We have two test NodeBs to serve the roles of serving BS and jammer/interfering cell. For the serving BS, we have different attenuators on the uplink and downlink that are tuned independently. Note that this flexibility helps us to perform all tests at UL power of 20 dBm that is specified in [4]. The downlink attenuators are then used to set the signal and interferer levels to those specified in [4] for each of the test cases. Duplexers are used to split/combine the uplink and downlink signals. Spectrum/Signal analyzers are used to calibrate the power levels at the UE for increased accuracy. For the UE itself, a single device is used across test cases. However, we use a commercial software build for UMTS and a prototype software build for Time dilation UMTS. Due to the nature of minimum performance specification tests (that are performed using very small signal levels), we use two isolation boxes, one around the UE and another around the test base-station to prevent any leakage.
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Figure 1: UMTS / Time dilation UMTS Test System – Block Diagram
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Figure 2: UMTS / Time dilation UMTS Test System – Photo

For simulations, we use a link simulator with RF distortion blocks to model an IIP3 of -10 dBm for the receiver. In blocking scenarios, we compute the exact intermodulation product between the adjacent cell blocker and the uplink transmission. Further, we obtain the blocking signals (GSM DL or UMTS DL) and UMTS uplink signals using independent link level simulators (sampled at 30.72 MHz) for the corresponding systems.  

3
DL Reference Measurement Channel

We use the standard R 99 reference channel for 12.2 kbps voice over UMTS [4]. We use this as a reference to define a new reference measurement channel (RMC) for Time dilation UMTS (N=2). We map the voice packets that arrive once every 20 ms into a 10 ms UMTS frame and then time-dilate the waveform. This forms the new reference waveform for Time dilation UMTS (N=2). Note that voice is a delay-intolerant service and hence, we strive to maintain the same data rate independent of the radio protocol. 
For HSDPA, we use the HSET-12 reference measurement channel that has a physical layer rate of 60 kbps for UMTS [4]. When we use the same reference channel for Time dilation UMTS, the time dilation scales the effective physical layer throughput to 30 kbps (Time dilation UMTS, N=2) and 15 kbps (Time dilation UMTS,N=4). We include additional details regarding the proposed RMCs for Time dilation UMTS (N=2) in Appendix for reader's convenience.
4 
Measurement results 

In this section, we include all the measurement results performed using the 12.2 kbps downlink reference channel for both UMTS and Time dilation UMTS receivers. Like any commercial chipset, there is a margin M for the baseline UMTS performance. We capture the BER variation as the DPCH Ec is lowered below the minimum requirement of -115 dBm (at this level, BER has to be less than 0.1% according to 25.101). We record the point when BER is just below 0.1% and the difference of this level from -115 dBm gives the margin M. We repeat the tests for S-UMTS receiver. While the test is passed as long as there is some positive margin, we provide the actual comparison with UMTS margin for better insights. 
4.1
Reference sensitivity (REFSENS)

First, we compare the REFSENS values between UMTS and Time dilation UMTS (N=2) systems for R 99 voice at 12.2 kbps. In Table 4.1.1, we illustrate the performance of Time dilation UMTS and UMTS receivers in REFSENS test. We observe that Time dilation UMTS UE passes the UMTS REFSENS test, albeit with a slightly decreased margin (by less than 1 dB; the points where the test barely passes with BER just less than 0.1% are indicated in bold). It is important to note that this is in spite of maintaining the same information rate of 12.2 kbps while the available bandwidth of operation decreased for Time dilation UMTS (N=2, 2.5 MHz). On an independent note, further optimization of the receive front-end to Time dilation UMTS reception could help increase the margin from the current Time dilation UMTS prototype we tested with. 
Table 4.1.1: REFSENS measurement for R99 voice RMC; M refers to the margin available in the chipset for UMTS.
	UMTS
	Time dilation UMTS (N=2)

	DPCH Ec 
dBm
	BER

%
	DPCH Ec
dBm
	BER

%

	-115-M+1          
	0
	-115-M+0.9
	0

	-115-M
	0.06
	-115-M-0.1
	0.27

	-115-M-2
	1.6
	-115-M -1.1
	6.0


4.2

Narrowband blocking 

In Table 4.2.1, we have a GSM jammer at the specified value of -57 dBm at a separation of 2.7 MHz from the UMTS center (Band II, [4]). For Time dilation UMTS receiver, we decrease the frequency separation of this blocker to 1.25+0.2 = 1.45 MHz. Again, the margin in the existing UMTS reference design is indicated by M and we observe that there is additional margin in the Time dilation UMTS receiver. Thus, Time dilation UMTS receivers are more robust to narrowband blocking from GSM-like interferers. 
Table 4.2.1: Narrow band blocking with GSM interferer @-57 dBm for R99 voice RMC; M refers to the margin available in the chipset for UMTS.
	UMTS
	Time dilation UMTS (N=2)

	DPCH Ec
dBm
	BER

%
	DPCH Ec

dBm
	BER

%

	-115-M
	0
	-115-M -1.1
	0.0

	-115-M -1
	1.2
	-115-M -2.1
	0.29


4.3

Adjacent Channel Selectivity (ACS) 

In Table 4.3.1, we include our results for Adjacent Channel Selectivity test [4]. We had the ACS jammer at -52 dBm and evaluated the performance of both UMTS and Time dilation UMTS receivers. Note that the jammer separation is specified as 5 MHz for UMTS in 25.101 [4]. We use a separation of (2.5/N+2.5) MHz when we consider an Time dilation UMTS receiver with scaling factor N. Thus the results for Time dilation UMTS receiver in Table 4.3.1 have the UMTS jammer at 3.75 MHz from the Time dilation UMTS (N=2) center frequency. We observe from Table 4.3.1 that Time dilation UMTS (N=2) receiver has 1.9 dB of decreased margin compared to an UMTS receiver, while still passing the test with residual margin. The slightly decreased margin in our measurements for an Time dilation UMTS receiver suggests that our prototype receiver may not be optimized in terms of receive filtering (and hence its ability to suppress a strong UMTS jammer). But we note that the BER was still less than 0.1% at DPCH Ec=-115 dBm for both receivers, thus passing the test per 25.101.
Table 4.3.1: ACS with UMTS interferer @-52 dBm for R99 voice RMC; M refers to the margin available in the chipset for UMTS.
	UMTS
	Time dilation UMTS (N=2)

	DPCH Ec

dBm
	BER

%
	DPCH Ec

dBm
	BER

%

	-115-M
	0
	-115-M +1.9
	0.06

	-115-M -1
	0.23
	-115-M +0.9
	0.6

	-115-M -2
	0.4
	-115-M -0.1
	19


The introduction of Time dilation UMTS (N=2) may create new types of interferer in the UMTS ecosystem. Hence, we consider a new ACS jammer - Time dilation UMTS waveform in the adjacent carrier with the same power level as an UMTS ACS jammer but with frequency offset (2.5/2+2.5) MHz from the victim UMTS receiver. We actually observed increased margin by 2 dB compared with legacy UMTS reception in Table 4.3.1. On the other hand, when we decreased the jammer level to -55 dBm, such that the PSD of Time dilation UMTS jammer is same as the PSD of the UMTS jammer, we observed margin to be at 2 dB. Thus, we predict that the introduction of new jammer types in the form of Time dilation UMTS (N=2) would not degrade the legacy UMTS ACS performance. 
Table 4.3.2: ACS with Time dilation UMTS interferer for R99 voice RMC; M refers to the margin that is common with Table 4.3.1
	UMTS; Time dilation UMTS blocker
@-52 dBm
	UMTS; Time dilation UMTS blocker

@-55 dBm

	DPCH Ec

dBm
	BER

%
	DPCH Ec

dBm
	BER

%

	-115-M -1
	0
	-115-M -2
	0.04

	-115-M -2
	0.05
	-115-M -3
	0.45


4.4

In-band blocking 
In this section, we consider in-band UMTS jammers for both UMTS and Time dilation UMTS receivers. Tables 4.4.1 and 4.4.2 summarize the comparative trends when in-band jammers (for UMTS) are placed at 10 MHz with -57 dBm power level and 15 MHz with -44 dBm power level respectively [4]. Again for an Time dilation UMTS receiver, we decrease the frequency separation for the blocker to be (2.5/N +7.5) MHz and (2.5/N +12.5) MHz respectively for the two in-band blockers from the receiver carrier center, with N as the Time dilation UMTS scaling factor. For both scenarios, we observed a minor degradation (0.9 dB) for Time dilation UMTS receiver performance. This slightly decreased margin could again be linked to the receive filter optimization discussed in Section 4.3. But we note that the BER was still less than 0.1% at DPCH Ec=-115 dBm for both receivers, thus passing the test per 25.101.
Table 4.4.1: In-band blocking w/ first UMTS blocker for R99 voice RMC; M refers to the margin available in the chipset for UMTS.
	UMTS
	Time dilation UMTS (N=2)

	DPCH Ec

dBm
	BER

%
	DPCH Ec

dBm
	BER

%

	-115-M +1
	0
	-115-M +2.9
	0

	-115-M
	0.07
	-115-M +0.9
	0

	-115-M -1
	2.5
	-115-M -0.1
	0.24


Table 4.4.2: In-band blocking w/ second UMTS blocker for R99 voice RMC; M refers to the margin available in the chipset for UMTS.
	UMTS
	Time dilation UMTS (N=2)

	DPCH Ec

dBm
	BER

%
	DPCH Ec

dBm
	BER

%

	-115-M
	0
	-115-M +0.9
	0

	-115-M -1
	1.8
	-115-M -0.1
	0.5


5
Simulation studies

In this section, we re-evaluate the performance of Time dilation UMTS receiver (in terms of narrowband, ACS and in-band blocking) using simulations. Here, we include a much wider set of configurations: Time dilation UMTS (N=2, 4), Carrier Aggregation scenarios in 6 MHz (UMTS + Time dilation UMTS(N=2), UMTS + Time dilation UMTS(N=4)). We consider Band VIII for all modelling.  

For the Carrier Aggregation scenarios, the uplink is UMTS only in the existing proposals. Hence, we can evaluate performance for each constituent carrier independently. This implies we need only evaluate a scenario with Time dilation UMTS DL and UMTS UL in the presence of an adjacent cell jammer. The other case with UMTS DL and UMTS UL is legacy and anyways, covered in all the tables as the baseline result. 

We assume a duplexer isolation of 50 dB and an insertion loss of 4 dB. For receiver IIP3, we use -10 dBm for both UMTS and Time dilation UMTS receivers. As mentioned before, we fix the transmit power to be 20 dBm. We present the signal-to-interference and noise power ratio, where the three components are receive filtered for both UMTS and Time dilation UMTS receivers. 
For Time dilation UMTS signals/interferers we use the same levels as the corresponding UMTS counterparts from TS 25.101 [4]. We show the chip-level SINR values for DPCH channel, the ratio of the power level of the DPCH to that of the RRC filtered RF interference power. We note that chip-level SINR determines the BER for the UMTS 12.2 kbps reference channel. In AWGN, we expect Time dilation UMTS receiver (that pumps in the same 12.2 kbps rate) to have the same BER as UMTS for a given chip-level SINR. Thus, we use improvement/degradation in chip-level SINR as a metric to compare Time dilation UMTS with UMTS.

Further, the chip-level SINR for UMTS HSDPA channel can be obtained by adding a constant +4 dB to the SINR of DPCH channel (note that this is the difference of REFSENS for these channels for Band VIII). However, we note that Time-dilation UMTS (with scaling factor N) has a different reference channel for HSDPA with data rate scaled by N. Thus, the chip-level SINR requirements would be lower compared to UMTS for this service. 
5.1

Narrowband blocking 

In Table 5.1.1, we present results with a narrowband GSM blocker at -56 dBm at an offset of 2.8 MHz (Band VIII) and the desired signal Ior as -93.7 dBm for a UMTS receiver [4]. For a Time dilation UMTS receiver, we use the same blocker power level but decrease the frequency separation to be (2.5/N +0.3) MHz from the carrier center, with N as the Time dilation UMTS scaling factor. From Table 5.1.1, we observe that Time dilation UMTS receivers attain a slightly higher chip-level SINR compared to an UMTS receiver. It is worthwhile to note that the GSM blocker is closer to a Time dilation UMTS receiver compared to the UMTS receiver. Thus, Time dilation UMTS receiver is more robust to a close-by GSM blocker than a UMTS receiver. This is in accordance with the high-level conclusions presented in Section 4.2 (albeit that section used measurements over band II).
Table 5.1.1: Narrowband blocking performance measured in terms of SINR

	System
	BW
MHz
	Chip level SINR (dB) 

	UMTS
	5
	-10.7

	Time dilation UMTS (N=2)
	2.5
	-10.5

	Time dilation UMTS (N=4)
	1.25
	-10.4

	Time dilation UMTS (N=2), multi-carrier
	2.5
	-10.5

	Time dilation UMTS (N=4), multi-carrier
	1.25
	-10.4


5.2

ACS performance 

In Table 5.2.1, we present results with an adjacent carrier UMTS blocker at two different power levels -52 dBm and -25 dBm respectively. Again for an Time dilation UMTS receiver, we decrease the frequency separation for the blocker to be (2.5/N +2.5) MHz from the carrier center, with N as the Time dilation UMTS scaling factor. From Table 5.2.1, we observe that Time dilation UMTS receivers attain higher chip-level SINR compared to an UMTS receiver for both standalone and multi-carrier scenarios. Thus, Time dilation UMTS receiver is also robust to a close-by UMTS blockers. 
Table 5.2.1: ACS performance with UMTS jammer measured in terms of SINR

	System
	BW
MHz
	Chip-level SINR (in dB)

	
	
	Signal/Jammer at         

-89.7dBm/
-52 dBm
	Signal/Jammer at 
-62.7dBm/
-25 dBm

	UMTS
	5
	-12.7
	-16.0

	Time dilation UMTS (N=2)
	2.5
	-11.0
	-12.1

	Time dilation UMTS
(N=4)
	1.25
	-10.5
	-11.1

	Time dilation UMTS (N=2), multi-carrier
	2.5
	-11.0
	-12.1

	Time dilation UMTS
(N=4), multi-carrier
	1.25
	-10.5
	-11.1


We also include the scenarios of same bandwidth adjacent carrier jammers for UMTS and Time dilation UMTS in Table 5.2.2. The frequency separation for the blocker is 5.0/N MHz from the carrier center, with N as the Time dilation UMTS scaling factor. From Table 5.2.2, we observe that Time dilation UMTS receivers attain higher chip-level SINR compared to an UMTS receiver except for one of the scenarios for N=2, when the chip-level SINR degradation is 0.5 dB only compared to an UMTS receiver. 
Table 5.2.2: ACS performance with the same bandwidth adjacent jammer measured in terms of SINR

	System
	BW
MHz
	Chip-level SINR (in dB)

	
	
	Signal/Jammer at         

-89.7dBm/

-52 dBm
	Signal/Jammer at 

-62.7dBm/

-25 dBm

	UMTS
	5
	-12.7
	-16.0

	Time dilation UMTS (N=2)
	2.5
	-11.5
	-16.5

	Time dilation UMTS (N=4)
	1.25
	-12.0
	-12.9


5.3

In-band blocking performance 

In Table 5.3.1, we present results with an in-band UMTS blocker at two different frequency offsets 10 MHz and 15 MHz from the center of UMTS receiver carrier. Again for an Time dilation UMTS receiver, we decrease the frequency separation for the blocker to be (2.5/N +7.5) MHz and (2.5/N +12.5) MHz respectively for the two in-band blockers from the receiver carrier center, with N as the Time dilation UMTS scaling factor. From Table 5.3.1, we observe that Time dilation UMTS receivers attain higher chip-level SINR compared to an UMTS receiver for both standalone and multi-carrier scenarios. Thus, Time dilation UMTS receiver is also robust to in-band UMTS blockers. On the other hand, we observed a slightly decreased margin in our measurements again shedding light on possible receive filter optimization. 

Table 5.3.1: In-band blocking performance measured in terms of SINR
	Receiver
	Chip-level SINR (in dB)

	
	In-band blocker at Δf = 2.5/N +7.5 MHz           
	In-band blocker at Δf = 2.5/N +12.5 MHz 

	UMTS
	-10.4
	-10.9

	Time dilation UMTS (N=2)
	-10.3
	-10.5

	Time dilation UMTS
(N=4)
	-10.3
	-10.4

	Time dilation UMTS (N=2), multi-carrier
	-10.3
	-10.5

	Time dilation UMTS
(N=4), multi-carrier
	-10.3
	-10.4


6
Conclusions

The document presented receive coexistence results for standalone Time dilation UMTS (N=2,4) and multi-carrier UMTS+Time dilation UMTS (N=2, 4) and provided comparison with UMTS.
1. It was shown that standalone and multi-carrier Time dilation UMTS configurations are comparable in performance related to ACS, narrowband and in-band blocking when compared to an UMTS receiver. 
2. The high level trends are similar between simulation studies and lab measurements, albeit a few measurements showed a slight decrease in the available margin for a Time dilation UMTS receiver. However, it is important to note that in these scenarios, the tests actually passed at the DPCH power levels specified in 25.101 with less than 0.1% BER for 12.2 kbps voice. 
3. The introduction of Time dilation UMTS (N) may create new types of interferer in the UMTS ecosystem. Hence, we investigated a new ACS jammer for legacy UMTS - "Time dilation UMTS waveform in the adjacent carrier" with the same power level as an UMTS ACS jammer but with frequency offset (2.5/N+2.5) MHz from the victim UMTS receiver. However, out measurements did not show any additional impact on legacy due to the smaller bandwidth, time dilation UMTS jammers.
4. In all, we can conclude that Time dilation UMTS systems do not present issues with receiver blocking any greater than the accepted UMTS level (in that the BER was less than 0.1% for the DPCH Ec specified in 25.101 for both systems). 
5. Finally, we note that the results presented in this document are worse-case for Time dilation UMTS performance for which the transmitter (that is a self-jammer) power level could be smaller, if the PSD is kept equal to UMTS.
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Appendix
A.1 DL reference measurement channels for voice 12.2 kbps
	Parameter
	UMTS
	Time dilation UMTS(N=2)

before dilation
	Time dilation UMTS(N=2)

after dilation

	Information bit rate
	12.2 kbps
	24.4 kbps
	12.2 kbps

	DPCH
	30 ksps
	60 ksps
	30 ksps

	Transport Block Size
	244 (DTCH)

100 (DCCH)
	244 (DTCH)

100 (DCCH)
	244 (DTCH)

100 (DCCH)

	Trasnmission Time Interval
	20 ms (DTCH)

40 ms (DCCH)
	 10 ms (DTCH)

 20 ms (DCCH)
	20 ms (DTCH)

40 ms (DCCH)

	Coding rate
	1/3
	1/3
	1/3


A.2 DL fixed reference measurement channels, FRC HSET-12

	Parameter
	UMTS
	Time dilation UMTS(N=2)

before dilation
	Time dilation UMTS(N=2)

after dilation

	Information bit rate
	60 kbps
	60 kbps
	30 kbps

	Information Bit Payload (TBS)
	120
	120
	120

	Coding rate
	0.15
	0.15
	0.15

	Modulation
	QPSK
	QPSK
	QPSK

	Number of physical channel codes
	1
	1
	1
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