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Abstract

This document contains results from simulations intended to explore the impacts of UMTS and GSM systems on each other when deployed in the 1900 MHz band in a co-ordinated manner. These simulations use all the same assumptions of the earlier simulations except that the base-stations from the two systems are now located at the same physical site rather than being placed at the cell boundaries. The deployment assumes an operator using a single 1900 sub-band for sharing both GSM and UMTS services. For maximum spectral efficiency, it is also the purpose of this contribution to show that the two services can be placed with a minimum separation of 2.6MHz between the UMTS carrier and the nearest GSM carrier. The results of these simulations show that this is indeed feasible to operate with 2.6MHz frequency separation and that the impacts on each system are negligible with reasonable assumptions about user equipment.

Simulation Assumptions

The simulations use almost all of the prior assumptions given in References [1], [2] and [3]. The following differences or specifics are used:

· Base-stations are located at the same geographic location instead of at each others cell boundaries,

· The cell size is 2400 metres with the inter-site distance of 7200 metres,

· The antennas are tri-sector,

· Cell layout is “corner excited” (shown in the diagram below)

· Results have been obtained with GSM terminals using Power Control. However, one result is also shown with GSM Power Control turned off to demonstrate the effect of allowing RACH to occur on any frequency.

· Full power BCCH channels are allowed on all GSM channels.
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Figure 1 – This is the cell layout used in the simulations. Both system base-stations are located at the red markers.

For clarification, it is likely that such co-ordinated systems will best operate by controlling GSM operation on the nearest frequency channels. Therefore, the results of the simulations are, in some instances, extreme worst case scenarios. An  example of desired GSM operation would be:

· Disallow RACH on the 4 nearest frequency channels.

From the results shown later, this should be the extent of GSM operation management required for coexistence between the two systems. However, even thought the following results do not indicate any necessity to do so, it might also be prudent to locate the BCCH carrier on six channels on either side of the UMTS carrier and not on the first few channels adjacent to the UMTS signal in order to drive the impact to as close to zero as possible (see Figure 2.)

The four interference scenarios are the following, along with the parameters that are varied:

· UMTS1900 DL UE victim with GSM BS interference—ACIR of the UMTS UE varied from 10 dB to 40 dB,

· GSM UL BS victim with UMTS UE interference—No parameter variation required,

· UMTS1900 UL BS victim with GSM UE interference—GSM UE Power Control on or off,

· GSM DL UE victim with UMTS BS interference—No parameter variation required.

The results are also aligned with the expectations of the analysis from Reference [4].

Simulation Results

UMTS DL UE Victim with GSM BS Interference

In this simulation, the ACIR of the UMTS UE is varied from 10 dB to 40 dB for each simulation case. The worst case assumption of the GSM BS running full power on all 8 slots on all frequencies is used. The results are shown in Figure 2.

These simulations have been run using a WCDMA and a GSM network of 48 cells each. Both networks are sectorized and co-located. Without any GSM interference, the number of WCDMA users such that the outage is 5% is about 43 users per cell. The path loss from both system base-stations to a particular UMTS UE is assumed to be the same (no differential fading.) The figure shows the capacity loss when one adds the interference from GSM base stations. For complete simulation assumptions see ANNEX A.
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Figure 2 – Simulation results for the WCDMA UE victim scenario

These results show that the impact of the GSM interference on the UMTS DL is negligible until the ACIR is reduced into the 10-15 dB range. Note well, that this is with full power BCCH carriers even in the first available GSM channel. This BCCH deployment is not necessary, as there are at least 12 channels available on each side of the UMTS signal. The 12 BCCH carriers can be grouped as two groups of 6 carriers each in the middle of 12 carriers. 

The ACIR is a parameter that depends on the frequency from the UMTS carrier centre frequency. It is a combination of UMTS UE selectivity and GSM BS ACLR. We can make some first order assumptions about each in order to estimate the change in ACIR going from a requirement at 2.7 MHz within TS 25.101 to operation at 2.6 MHz. The first assumption is that the UE filter will span approximately 500 KHz in going from the UE passband edge at 2.2 MHz to the specification point at 2.7 MHz. For discussion purposes, the ACIR at 2.7 MHz is assumed to be required to be 30 dB in TS 25.101. A first order assumption would be that the slope of the filter near 2.7 MHz would be :


30 dB / 500 KHz = 6 dB / 100 KHz

The second consideration is whether the ACLR of the GSM signal into the UMTS passband changes by a significant amount moving from 2.7 MHz to 2.6 MHz. One way to approach this is to assume that the filter slope is linear to the passband. Then the change in the contribution to ACIR is the amount of ACLR at 500-600KHz that now enters the UMTS passband. Since the ACLR of the GSM BS signal at 400 KHz is –60dBc, by GSM specification 05.05, any contribution of a signal in the range of –60dBc to the total that is in the range of –30dBc is negligible. Thus, the ACIR change with frequency, near 2.7 MHz, is dominated by the UE filter response.

One could then safely assume that, if the ACIR requirement at 2.7 MHz is 30 dB, then the ACIR at 2.6 MHz will be greater than 20 dB. Thus, the impact on UMTS DL capacity will be less than 0.4 %. Given the manufacturing tolerances and the impact will be even less.

This matches the analysis of Reference [4] well. It predicted that the impact on the UMTS system will not be noticed until the UE ACIR reaches 11 dB. This is the point at which the UMTS BS power levels will need to be increased to overcome the GSM DL interference to the UMTS UE’s.

GSM UL BS Victim with UMTS UE Interference

These simulations have been run using a WCDMA and a GSM network of 48 cells each. Both networks are sectorized and co-located. The WCDMA network was loaded to obtain an average noise rise over thermal noise of 6 dB (~ avg 46 WCDMA users/cell) with no interference from GSM to WCDMA. The GSM network is fully loaded (8 GSM users/cells). The first channel starts at 2.6 MHz. The cumulative distribution of the SIR that is obtained with and without WCDMA interference is shown in Figure 3 below. For complete simulation assumptions for this section see ANNEX A.
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Figure 3 – Simulation results for the GSM BS victim scenario.  Reference and coexistence cases are marked by a star and a circle symbol, respectively. 

The curves are identical indicating that the impact of the UMTS UE’s is negligible on the GSM UL. Even if the system is coverage-limited (as the SIR curve indicates above) and provides poor coverage for a lot of GSM users (~9%), there is no significant impact from the WCDMA terminals on the overall performance even for the GSM terminals experiencing poor quality (~23%).

Reference [4] showed that this was the coordinated deployment interference scenario that was most at risk from the ACLR of the UMTS UE. For the uniform distributions used in this simulation there is no impact to the GSM UL.
UMTS UL BS Victim with GSM UE Interference

For this simulation, the same parameters are used and the base-stations are tri-sector and co-sited. These simulations have been run using a WCDMA and a GSM network of 48 cells each. Without any GSM interference, the number of WCDMA users such that the average noise rise over thermal is 6dB, is about 46 users per cell. The ACIR of the UMTS BS is varied from 10 dB to 60 dB. Two results are shown—one with Power Control ON and one with it OFF. The results are shown in Figures 4 and 5. The exact simulation assumptions are shown in ANNEX A.
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Figure 4 – Simulation results for the WCDMA BS victim scenario, power control ON
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Because the ACIR will not fall but 1/5 of its 50 dB when the offset frequency goes from 2.7 MHz to 2.6 MHz (same arguments as in prior section), the capacity loss with power control on will be negligible. Even at 40dB ACIR, the capacity loss due to GSM interference is zero. This was expected from the analysis of Reference [4]. 

Figure 5 – Simulation results for the WCDMA BS victim scenario, power control OFF

This result with power control off in the GSM UE is very instructive. It shows what will happen when the GSM UE is allowed to use full power in the system. Assuming the same (worst case) 40 dB ACIR at 2.6 MHz, the capacity loss would be 4.2%. However, note that the capacity loss is 0.5% at 50 dB ACIR and 0% at 60 dB ACIR. RACH operation is certainly not continuous nor is it a significant duty cycle of operation. However, the curves do indicate that significant disruption to the UMTS UL could occur during RACH operation on channels where ACIR is not high enough. This is predominantly the 2.6 MHz channel. Restricting RACH to channels 2.8 MHz or more from the UMTS carrier centre frequency, where the ACIR will be higher than 50 dB, would guarantee no impact on capacity based on the results of figure 5.

GSM DL UE Victim with UMTS BS Interference

This simulation shows the effect of the out-of-band emissions from the UMTS BS into the GSM DL. The simulation assumptions are only changed to reflect the 2.6 MHz first channel to UMTS carrier frequency spacing. The results are shown in figure 6 and the simulation assumptions are in ANNEX A.
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Figure 6 – GSM DL SIR with and without UMTS BS interference

In this case, the predicted margin from Reference [4] was 36.8 dB. The fact that the cdf curves are identical to each other except at cdf’s of 3x10-4 and lower indicates that the impact is negligible.

CONCLUSIONS

The interference impacts for co-ordinated deployment are shown to be negligible in all four scenarios. This has been based on the additional assumptions of 30 dB ACIR at 2.7 MHz for UMTS UE and 50 dB ACIR at 2.7 MHz for UMTS BS. The worst case values of ACIR’s at 2.6 MHz were estimated and shown to result in acceptably small impacts to capacity loss in either system in either direction. From this, we conclude that it is adequate to specify requirements in 25.101 and 25.104 for ACIR only at 2.7 MHz. This maintains good performance for both uncoordinated deployment based on 2.7 MHz frequency separation, and co-ordinated deployment based on 2.6 MHz separation.
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ANNEX A – Simulation Assumptions

Deployment scenarios
Simulation cases
1. Downlink

a) GSM (BCCH only)/WCDMA for WCDMA victim

b) GSM (BCCH)/WCMDA for GSM victim

2. Uplink

a) WCDMA victim (GSM load maximum – all time slots in use. Use similar system to UMTS – simulate GSM system, then add UMTS users until the total noise rise hits 6 dB)

b) GSM victim (WCDMA loaded to 6 dB noise floor)

No frequency hopping for GSM

Both networks in macro layer

Run simulations with a particular ACIR and derive the frequency offset


Layout
Tri-sectored (WCDMA and GSM)

12-cell reuse (GSM)

48 cells with wrap-around

Inter-site distance of 7200m (cell radius of 2400m)

Co-located sites

Services
WCDMA
Speech 8 kbps (chip rate 3.84 Mcps)

Eb/No target (downlink): 7.9 dB


GSM
Speech

SIR target (downlink): 9 dB

Propagation
WCDMA and GSM
As per TR 25.942 v2.3.0

Cell selection
WCDMA
As per TR 25.942 v2.3.0


GSM
As for WCDMA in TR 25.942 v2.3.0, but with only one link selected at random within a 3 dB handover margin

SIR calculation
WCDMA
As per TR 25.942 v2.3.0, except for the following changes:

1. Interference contributions from GSM TRXs are added to the total noise-plus-interference

2. Processing gain is change to 26.8 dB

3. Thermal noise level is raised to –97.1 dBm for downlink


GSM
Total noise-plus-interference is sum of thermal noise, GSM co-channel, and WCDMA interference. Cells are synchronised on a time slot basis. Adjacent channel GSM interference is neglected.

Noise floor (downlink): -111 dBm

Power control assumptions
WCDMA
As per TR 25.942 v2.3.0

Maximum BS TX power: 43 dBm

Maximum power for each DL traffic channel: 30 dBm

Minimum BS power per user: 15 dBm

(21 dBm terminals)

Minimum MS power set to –50 dBm


GSM
If uplink power control is active, the stabilization algorithm is the same as for WCDMA (C/I/ based) with a margin of 5 dB added to the SIR target on the uplink. Only fixed power control was used in downlink.

Maximum power (TRX): 40 dBm (BCCH)

Maximum power (MS): 30 dBm

Minimum power (MS): 0 dBm

Capacity metrics
WCDMA
As per TR 25.942 v2.3.0


GSM
Load to maximum number of users and observe change in outage (worse than SIR target)

ACIR parameters
WCDMA to GSM
As per spectrum masks defined in TS 25.101 and TW 25.104 (applying the appropriate BW correction), unless capacity loss is found to be significant. See Table below.


GSM to WCDMA
ACIR(f) = C(fo) + m(f – fo)   (dB)

GSM-BTS to WCDMA UE:

m = 0.8 dB / 200 KHz

ACIR for GSM carrier closest in frequency = [10, 15, 20, 25, 30, 35, 40] dB

GSM-MS to WCDMA BS:

m = 0.5 dB / 200 KHz

ACIR for GSM carrier closest in frequency = [10, 20, 30, 40, 50, 60] dB

ACIR parameters for a WCDMA UE aggressing a GSM BS [ref  3GPP TR 25.885]:

Carrier spacing (MHz)
Uplink (dB)
Downlink (dB)

2.6
28.3
48.8

2.8
31.3
50.0

3.0
34.3
53.0

3.2
37.3
56.0

3.4
40.3
59.0

3.6
42.1
60.8

3.8
42.3
60.8

4.0
42.5
63.0

4.2
42.7
63.0

4,4
42.9
63.0

4.6
43.1
63.0

4.8
43.3
63.0
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