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1. Introduction

This contribution presents the analysis results for UMTS900 (macro)-GSM (pico) co-existence scenario 6. In order to investigate the impact of UMTS UE interference on GSM uplink, we calculate the GSM UE transmit (Tx) power required to maintain the GSM uplink SINR target based on the UMTS UE transmit power distribution derived from simulation results for scenario 5 [i.e., UMTS900 (macro)-GSM (micro) co-existence in urban areas].

2. Interference Analysis Model and Method

The analysis methodology and assumptions were agreed in RAN4 meeting #36 and summarized in [1]. 

2.1  Indoor UMTS UE Tx power

To obtain the UMTS UE Tx power distribution, we perform simulations for scenario 5 and the baseline case in which the UMTS system operates alone without GSM interference. Simulation results indicate that the 50th percentile and 90th percentile of UE Tx power distribution are –9.7 dBm and 0 dBm, respectively.  

2.2  UMTS UE Tx power falling into GSM BS receive channel
The UE Tx power falling into the GSM Base Station (BS) receive channel can be determined by the following equation:

UE Tx power in GSM channel = Indoor UE Tx power – ACIR(∆f)
 in dB

(1)

where ∆f denotes the center frequency spacing between UMTS and GSM carriers. When the UMTS UEs interfere with GSM picocell, the ACIR provided in [2] is 31.3 dB for 2.8 MHz center frequency separation and 43.3 dB for 4.8 MHz center frequency separation. Table 1 shows the UE Tx power in GSM channel for various UE Tx power percentiles and center frequency separations. 

Table 1.  UMTS UE Tx Power in GSM channel 
	Cumulative Distribution Function (CDF)
	90%
	50%

	Indoor UE Tx power (dBm)
	0
	-9.7

	  ∆f (MHz)
	2.8
	4.8
	2.8
	4.8

	UMTS UE Tx power in GSM channel (dBm/200kHz)
	-31.3
	-43.3
	-41.0
	-53.0


2.3  UMTS UE interference level received by GSM picocell
It is assumed that the distance (D) between the interfering UMTS UE and affected GSM picocell could be 3 m and 15 m. The associated UE to picocell propagation losses based on the COST231 indoor model are 51.3 dB and 72.3 dB, respectively. The GSM picocell received interference power (Iext) from UMTS UE can be expressed as


Iext = UMTS UE Tx power in GSM channel – PL(D)
      in dB

(2)

where PL is the path loss (including the propagation loss and antenna gains) from UMTS UE to GSM picocell.  Table 2 shows the UMTS UE interference power received by GSM picocell for various UE Tx power percentiles, center frequency separations and UE-to-picocell distances.

Table 2.  UMTS UE interference power received by GSM picocell
	CDF
	90%
	50%

	Indoor UE Tx power (dBm)
	0
	-9.7

	  ∆f (MHz)
	2.8
	4.8
	2.8
	4.8

	UMTS UE Tx power in GSM channel (dBm/200kHz)
	-31.3
	-43.3
	-41.0
	-53.0

	UE-to-picocell Distance (m)
	3
	15
	3
	15
	3
	15
	3
	15

	Iext (dBm/200kHz)
	-82.6
	-103.6
	-94.6
	-115.6
	-92.3
	-113.3
	-104.3
	-125.3


2.4  Impact of UMTS UE interference on GSM picocell uplink 

When the GSM uplink power control is activated and the UMTS UE interference is present, GSM mobile needs to transmit more power to maintain the uplink SINR target (SINR) in the GSM picocell receiver as long as the required mobile transit power does not exceed the maximum power (33 dBm). Without UMTS UE interference, the required Tx power of a GSM mobile at the picocell edge can be determined by:

GSM_mobile_Tx_required = Nt + SINR + PL(D=50 m) + M       in dB      (3)

where Nt denotes the GSM picocell receiver noise floor (-94 dBm/200 kHz), PL(D=50 m) denotes the path loss (88.0 dB) for a 50 m distance between the GSM picocell and the GSM mobile at the picocell edge, and M denotes the lognormal fading and interference margin (10 dB). Consequently, in the absence of UMTS UE interference, the GSM mobile power requirement is 10 dBm.

In the presence of UMTS UE interference, the required Tx power of a GSM mobile at the picocell edge can be expressed as:

GSM_mobile_Tx_required = (Nt + Iext) + SINR + PL(D=50 m) + M       in dB     (4)

where (Nt + Iext) in dBm is the linear sum of the GSM picocell noise floor and the UMTS UE interference. Table 3 shows the required GSM mobile Tx power with UMTS UE interference for various UE power percentiles, center frequency separations and UE-to-picocell distances.

Table 3.  Required GSM mobile transmit power in the presence of UMTS UE interference 
	CDF
	90%
	50%

	Indoor UE Tx power (dBm)
	0
	-9.7

	  ∆f (MHz)
	2.8
	4.8
	2.8
	4.8

	UMTS UE Tx power in GSM channel (dBm/200kHz)
	-31.3
	-43.3
	-41.0
	-53.0

	UE-to-picocell Distance (m)
	3
	15
	3
	15
	3
	15
	3
	15

	Iext (dBm/200kHz)
	-82.6
	-103.6
	-94.6
	-115.6
	-92.3
	-113.3
	-104.3
	-125.3

	Nt+Iext (dBm/200kHz)
	-82.3
	-93.5
	-91.3
	-94.0
	-90.1
	-93.9
	-93.6
	-94.0

	GSM_mobile_Tx_power (dBm)
	21.7
	10.5
	12.7
	10.0
	13.9
	10.1
	10.4
	10.0


3. Summary

In this contribution, the analysis results for UMTS900 (macro)-GSM900 (pico) co-existence scenario 6 defined in [1] are presented. The analysis indicates that even in the worst case  (including the 90th percentile of UMTS UE Tx power for scenario 5, a 2.8 MHz center frequency separation and a 3 m UE-to-picocell distance), the required GSM mobile Tx power with UMTS UE interference is 21.7 dBm. Although this required Tx power is 16.7 dB greater than that without UMTS UE interference, the 21.7 dBm Tx power is still less the maximum power. Therefore, the impact of UMTS900 UE interference on GSM picocell uplink reception quality (i.e., achieved SINR) is not noticeable. In other words, GSM picocell uplink has sufficient margin to overcome UMTS UE interference in this scenario.

Scenario 1 simulaiton results show that 50th percentile and 90th percentile of outdoor UMTS UE Tx power distribution are –30.6 dBm and -21.0 dBm, respectively. Considering a 15 dB building penetration loss, the indoor UE Tx powers will be –15.6 dBm and –6 dBm, respectively, which are still less than the 90th percentile of UE Tx power obtained from scenario 5 simulation results. It follows that the required GSM mobile Tx power with UMTS UE interference is less than 21.7 dBm (based on scenario 5 simulation results) and the impact on GSM picocell uplink reception quality is also not noticeable.
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