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1 Introduction

TDD-TDD coexistence simulations so far were limited onto one victim system and one interfering system (see TS25.942 for details). In the simulations the interfering system was typically allocated onto the carrier direct adjacent to the victim system. When considering the use of TDD in the complete band 2500-2690 MHz, not only the adjacent channel UE emissions but also the UE spurious emission from unsynchronised TDD operators will contribute to the total interference at the victim UE. Aim of this simulation is the investigation of UE to UE interference with all systems unsynchronised in the complete 2500-2690 MHz band. In the simulation only the 1.28Mcps TDD option is considered.

The simulations presented in this document where performed by Siemens. Beside the simulations, the document also addresses possible future study areas, which were mentioned in offline discussions. As we think that these better fit into the context of simulations, they are captured in this document rather than in a text proposal for section 8 of TR25.889.

2 Simulation Assumption

2.2 System scenario

2.2.1 Frequency allocation

In the band 2500-2690 MHz, a total bandwidth of 190MHz is available. Assuming for each operator a frequency block of 10 MHz, 19 operators and totally 114 carriers can be used for 1.28Mcps TDD in this band. The victim operator under investigation is assumed to be located in the centre of the band, as illustrated in Figure 1. The numbers in the figure indicate different operators.
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Figure 1: Frequency allocation assumption for 2.6GHz band

2.2.2 Frame structure and timing between operators
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Figure 2: 1.28Mcps TDD frame structure

Each operator is assumed to have the frame structure as shown in Figure 2 but has random relative timing to the victim operator (operator 10 in figure 1). None of the operator is assumed to be synchronised with operator 10. When there is any overlap among operator 10 DL timeslots and the other operators UL timeslots, the interference power from that overlapped time slot is taken into account in the victim system.

In case timeslots overlap partly, the interference is averaged over the timeslot in the victim system. This is considered to be a reasonable assumption due to interleaving and the large number of interfering carriers.

2.2.3 Cell structure
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Figure 3: system cell structure

All operators are assumed to be co-located and have the same cell radius, each operator has three rings cell structure and only the users in the centre cell are investigated, which named 1 in Figure 3. It should be noted that co-location is considered to be the most critical deployment scenario for UE to UE interference.

2.2.4 UE distribution

All users in 2.6GHz band randomly choose its location (uniform distribution), its time slots and carriers.

For each user, the BS with lowest path loss on its carrier is chosen as its serving BS. The load is determined by the 5 % outage criteria for the single operator simulation. The load is considered to be equal for victim and interfering carriers.

2.3 Simulation parameters

This section summarises the simulation parameters for the 1.28 Mcps TDD option, which are used to describe the ‘victim system‘ and the ‘interferer system‘ in the coexistence simulation scenarios. The simulation assumptions partly differ from the assumption as stated in [6]. In particular, the cell size is reduced to 280 m in order to increase the user density. In addition the antenna gain is reduced to 8 dBi to increase the transmit output of the interfering UEs. For the victim system, the antenna gain is as well reduced to 8 dBi and the maximum BS output power is reduced to 34 dBm to reduce the power margin in the victim system. The CIR values are taken from reference [1]. All simulation parameters are listed in the following tables.

Table 1: General System Parameters

	No.
	Parameter
	1.28 Mcps TDD

	
	
	UE
	BS

	P1
	Chip rate
	Mcps
	1.28

	P2
	Frame length
	ms; chip
	10ms; 12800

	P3
	Slot length
	ms; chip
	675µs; 864

	P4
	Slots per frame
	1
	14

(+ pilots and guard period) 

	P5
	Chip length
	ns
	781.25ns

	P6
	Sfmax
	1
	16

	P9
	No. of codes per TS
	1
	16

	P10
	No. of codes used for an 12.2 kbps speech service
	1
	UL: 1x SF=8

DL: 2x SF=16

	P11
	User bandwidth
	MHz
	1.28

	P12
	Channel spacing
	MHz
	1.6


Table 2: Receiver Parameters

	No.
	Parameter
	1.28 Mcps TDD

	
	
	UE
	BS

	RX2
	Noise figure
	dB
	9
	7

	RX3
	Antenna gain (incl. losses)
	dBi
	0
	8

	RX4
	ACS
	dB
	33
	45

	RX5
	Min. CIR
 for

12.2 kbps speech
	dB
	-3.4
	-3.3


Table 3: Transmitter Parameters

	No.
	Parameter
	1.28 Mcps TDD

	
	
	UE
	BS

	TX1
	Max. TX power
	dBm
	21
	34

	TX2
	Min.Tx power
	dBm
	-49
	4

	TX3
	Antenna gain
	dB
	Same as RX3

	TX4
	PC dynamic range (1 code considered)
	dB
	Max –(-49)

= 70
	30

	TX5
	ACLR
	dB
	33 (43)
	40 (45)

	TX6
	Spurious
 
	dBm/1.28MHz
	Max(-55, UE output power-50dB)
	-


Table 4: Simulation Parameters

	Parameter
	1.28 Mcps TDD

	Simulation Type
	Snapshot

	
	

	Propagation Parameters
	

	Frequency
	2600 MHz

	Antenna position over ground
	MS: 1.5m

BS: antenna height (15m) + average roof top level (12m) =27m

	Minimum coupling loss (MCL)
	BS-UE: 70, UE-UE: 40

	Antenna gain
	UE: 0 dBi; BS: 8dBi

	Log normal fade margin
	10 dB

	
	

	Step size PC
	Perfect PC

	PC error
	0 %

	Margin in respect with C/I
	0 dB

	Outage condition
	C/I target not reached

	Satisfied user
	C/I less than C/I target – 0.5 dB

	
	

	Handover modeling
	None (UE is allocated to the strongest BS)

	
	

	Admission control
	Not included

	
	

	User distribution
	uniform across the network

	
	

	Interference reduction
	

	MUD
	on

	Non orthogonality factor
	0

	
	

	Deployment scenario
	

	Macrocell
	Hexagonal with BTS in the middle of the cell

	BTS type
	Omni-directional

	Cluster size
	1

	Cell radius
	Macro: 280m

	Inter-site distance (single operator)
	560m

	Intersite shifting
	0m


2.4 Description of the propagation model

2.4.1 BS-to-UE and UE-to-BS propagation model

In accordance with the ETSI 30.03 recommendation COST 231 – Hata Model with small modifications are used in the simulation.

The path loss L depends on the distance d between the base station antenna and the mobile, the frequency f, the heights of the base station antenna Hb and the mobile Hm and the clutter type. The path loss is given by the formula in dB.

It is possible to use the model both for large and small cells where the base station antenna height is above the roof-top levels of buildings adjacent to the base station.
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where the correction factor for the UE antenna height hMS are calculated according to 
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The impact of the clutter types is taken into consideration according to the following formulas
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The Macro model described above is applied with 10dB log-normal fading.

This path loss differs from the macro cell path loss model as used in [3]. The given path loss models leads to an approximately 12 dB higher path loss. With respect to UE-UE interference simulations, it is expected that this path loss model is more critical as the transmit power of the interfering UEs increases and the power margin in the victim is reduced.

2.4.2 UE-to-UE propagation model

The propagation model employed in NLOS condition is model for pedestrian test environment as described in [2]:
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This is seen as reasonable approximation of the scenario. The propagation model employed in LOS condition is the free space loss model. For distance above x_max = 50 m between UEs the NLOS model is used. For distance below x_min, where at x_min PL_LOS(x_min) = PL_NLOS(xmin), the LOS path loss model is used. Between x_min and x_max, the pathloss is randomly chosen, where the probability for LOS decreases linearly with increasing distance. The standard deviation of the log‑normal fading is ( = 12 dB for the NLOS model and 0 dB for the LOS model.

This is in principle the same pathloss model as used in [3]. For brevity, a simplified NLOS model is used.

2.5 DCA

DCA algorithm in time domain is modelled in the following way. Assume each victim UE is located at TS4, TS5, TS6, separately, then choose the best time slot, which has the smallest total interference power as its activated time slots. That means for each victim UE the best out of the three available time slots is chosen.

Besides the DCA algorithm in time domain, DCA in frequency domain is available in addition, because each operator can use a total of 6 carriers (corresponding to a 10 MHz block). For simplicity in this simulation only the DCA algorithm in time domain is considered.

3 Simulation Procedure

For each snapshot, the UE position, carrier and time slot information are randomly generated according to 2.1. Then according to the operators timing relation in this snapshot, all the UEs of aggressing operators involved in the interference scenarios are collected as interferer and all UEs belong to operator 10 are regarded as victim.

The UE in the victim system will encounter three parts of interference in a certain period that is,
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where, 
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 is the total interference power from interfere UEs of other operators
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In order to get the interference power from each interfered UE, all UEs belong to aggressing operators are UL power control
 until a stable state is reached. Then the output power minus the path loss to each victim UE of operator 10 is calculated and all the receiving interference power are accumulated as the interference power from aggressing UEs, which is the first part described above.

Also the interference power from BSs in adjacent channel of operator 10 and thermal noise power are calculated, all these power are added to obtain 
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Then the DL power control is simulated for operator 10, after the power control loop reached a stable state, the final C/I value for each victim UE is determined. 

After a certain number of snapshots, all the C/I data are statistical analysed to gain the system outage ratio.

According to the definition of system capacity, the system maximum number of users with and without 
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, are determined based on the same 5% system outage criterion. The system capacity loss due to external UE interference is given by
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where Nsingle is the capacity for the single operator simulation and Nmulti is the capacity for the multi operator simulation.

4 Simulation results

The capacity loss between single and multi operator simulation was determined for simulations with and without DCA. The capacity loss figures are given in the table below:

Table 4: Simulation Results

	Simulation Type
	Capacity Loss

	Without DCA
	8.6 %

	With DCA
	1.6 %


As the capacity loss in the victim system was rather independent of the victim carrier within the 10 MHz block, the capacity loss is given as the average over all carriers of the victim operator.

5 Summary and Conclusion

Aim of the simulations was  a first investigation of UE to UE interference in case of multiple unsynchronised TDD carriers in the 2.5 GHz band. The simulations are based on a uniform user distribution and on UE requirements as currently formulated in TS25.102. These first simulation results indicate that the capacity loss is more severe than with only a single interfering carrier, but not excessive. The results further indicate that the capacity loss can be significantly decreased, if dynamic channel allocation in the time domain is used. With DCA, a capacity loss below 2 % was observed.

In order to assess the impact of UE to UE interference and suitable RF requirements in more detail, further studies may be needed regarding the following aspects:

· Impact of larger cells sizes (577 m according to 25.942)

· impact from non-uniformly distributed UEs to the results

6  Possible Future Study Areas

As mentioned already earlier, for already established operators providing UMTS services with the UMTS core band TDD in the 2500 – 2690 MHz band may be deployed as capacity enhancement. It is expected that the need for enhancements will mainly arise in limited areas such as city centers or hot spots like airports, railway stations or hotels, i.e. environments where UEs have a higher probability to be clustered in close proximity (see Figure 4).












Figure 4: A potential model for non-uniformly clustered UEs
Therefore, it may be also relevant in future studies to consider the impact from non-uniformly distributed UEs. However, before these kind of investigations can be performed, a corresponding model has to be developed in more detail. In particular, it has to be considered to what extended the clusters may be served by pico and micro cells. Further, in case high-density user clusters are taken into account it has to be mentioned that it has to be avoided that unrealistic user densities are simulated.

7 Proposal

It is proposed to incorporate the simulations into an annex in TR25.889.
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� See reference 1.


� Here, 50dB is used in the calculation of UE spurious emission power. In 3GPP, it is specified for spurious emission, -30dBm/1MHz should be fulfilled, it approximately to –29dBm/1.28MHz, assume the UE maximum output power is 21dBm, then equivalent 3rd onwards adjacent channel leakage power ratio is 50dB.


� See reference 3.
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