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1 Introduction

TR25-895 is a technical report that is being prepared by the WG1 under the study item ‘Analysis of Higher chip rates for UTRA TDD evolution’. The latest copy of this document is available to RAN4#29 as Tdoc R4-031040 for information.

This document presents the text proposal for section 6.1, ‘Coexistence with existing UTRA releases’ to be inserted into TR25-895.

2 Text Proposal

This section contains a text proposal for coexistence section of TR25.895. Coexistence issues between existing TDD systems have been analysed in terms of issues arising from the practical implementation of UEs that can support a chip rate of 7.68Mcps. In this part of the analysis the parameters of UE ACS and ACLR are considered. The impact of the basestation performance was not considered in detail as it is assumed that the UE performance is the primary constraint in the overall system. A second part of the analysis was based on an elementary system simulation where 7.68Mcps and 3.84Mcps systems were operated in the same geographic location on adjacent channels 

Note that the reference [8], [11] and [12] in TR25.895 are:

[8] 3GPP TS25.102 “UTRA (UE) TDD, Radio transmission and reception (Release 5)”

[11] S. L. Loyka,”On the Use of Cann’s Model for Nonlinear Behavioral-Level Simulation,” IEE Trans. Vehicular. Technology, vol 49, pp1982-1985, Sept 2000

[12] 3GPP TR25.942 “RF System Scenarios Release 5”

>>>>>>>>>>>>>>>>>>>> START OF TEXT PROPOSAL >>>>>>>>>>>>>

6.1 Coexistence with existing UTRA releases

The co-existence of TDD systems using different chip rates on adjacent radio channels is studied in this section. The analysis comprises two elements, the first concentrates on the UE performance in terms of its radio parameters of adjacent channel selectivity and adjacent channel leakage ratio. The second element considers an elementary system deployment where macro 7.68Mcps and 3.84Mcps TDD systems occupy adjacent radio channels and quantifies the capacity reduction resulting as a consequence of the inter-system interference due to the aforementioned radio parameters.

The performance of the basestation radio has not been considered in this analysis because it is assumed the radio performance of the UE is the limiting factor in most system deployments. In addition, the two systems have been assumed to be slot synchronized such that both systems share common uplink and downlink timings. This assumption permits the uplink and downlink to be considered separately.

6.1.1 Radio Performance

The radio performance parameters assumed in the reference configuration are provided in section 4.2. The values put forward were derived from the existing radio performance specifications for 3.84Mcps TDD systems with additional constraints that were designed to minimize issues related to the coexistence of 3.84Mcps and 7.68Mcps systems deployed in adjacent channels. The rational behind the choice of the parameters is discussed in the following sections.

6.1.2 Adjacent Channel Selectivity

The adjacent channel selectivity in the receiver is defined by the selectivity in the digital RRC filter. As the same normalized filter is to be used for both 7.68Mcps and 3.84Mcps chip-rates it can be expected that the selectivity of the 7.68Mcps UE for an adjacent 7.68Mcps signal offset by 10MHz will be the same as the selectivity of a 3.84Mcps UE for an adjacent 3.84Mcps signal offset by 10MHz.

Coexistence is affected by the case where different chip-rates are considered. By way of an example, the adjacent channel selectivity of an RRC filter with a roll-off factor of 0.22 is considered. A practical filter implementation of finite length and coefficient precision as detailed in Table 6.1‑1.

Table 6.1‑1 – RRC Filter Implementation

	RRC Filter Implementation
	Value
	Unit

	Length
	10
	Chips

	Coefficient Precision
	8
	bits

	Oversampling ratio
	4
	Samples/chip


A plot of the frequency response of this filter when used for a 7.68Mcps system is shown in Figure 6.1‑1. For clarity, the two adjacent 3.84MHz channels have been highlighted. The selectivity of this filter for the first 7.68Mcps adjacent channel and the first two 3.84Mcps adjacent channels is given in Table 6.1‑2. Note that the selectivity in this example filter is much higher than the minimum value specified in [8].

Table 6.1‑2 – Selectivity of 7.68Mcps RRC Filter

	Adjacent Channel
Bandwidth
	Adjacent Channel Offset
	Selectivity

	7.68MHz
	10MHz
	45dB

	3.84MHz
	7.5MHz
	44dB

	3.84MHz
	12.5MHz
	49dB


These results show that the example filter provides almost the same selectivity to the first adjacent channel 3.84Mcps signal as it does to the first adjacent channel 7.68Mcps. It can therefore be deduced that the coexistence of adjacent 7.68Mcps and 3.84Mcps systems will suffer the same downlink capacity degradations as two adjacent channel 3.84Mcps systems.
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Figure 6.1‑1 – Frequency Response of Example RRC Filter from 7.68Mcps System

6.1.3 Adjacent Channel Leakage Ratio

The performance of the UE transmitter is of paramount importance when considering the coexistence of adjacent 7.68Mcps and 3.84Mcps systems. Non-linear characteristics in the UE power amplifier spread the transmitted signal into adjacent channels. This spectral spreading is directly related the bandwidth of the transmitted signal, which results in the distortion products from a 7.68Mcps signal spreading further in absolute terms when compared to a 3.84Mcps signal. Figure 6.1‑2 compares the output spectra from 3.84Mcps and 7.68Mcps signals when transmitter through the same power amplifier. For the purposes of this document the power amplifier has been simulated using a model based on [11] with a variable steepness parameter. This model describes the transfer characteristic of the amplifier by the following relation:
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The parameters used are listed in Table 6.1‑3, and have been selected to give an output spectrum that closely corresponds with measurements made on real hardware operating at maximum output power. Despite the problems of this model reported in [11], it is well suited to comparing signals with different chip rates as the model is only used at a single power level.

Table 6.1‑3 – Non-Linear Model Parameters

	Parameter
	Description
	Value
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	Input limit level
	1
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	Output limit level
	1
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	Knee sharpness
	20


The output spectrum obtained from this model for both chip-rates at the same output power is shown in Figure 6.1-2. Note that the 3.84Mcps chip rate signal has been shifted by 2.5MHz so that its upper band edge corresponds with the upper band edge of the 7.68Mcps signal and three adjacent 3.84Mcps bands are illustrated for comparison purposes.

It can be seen that the distortion products from the 7.68Mcps signal are spread across a larger frequency range than is the case for a 3.84Mcps signal. However it is interesting to note, that although the distortion products from a 3.84Mcps transmission decay quicker, the absolute power spectral density at the start of the first adjacent channel is higher than the power spectral density from the 7.68Mcps transition. This is due to the increased spectral density of the 3.84Mcps transmission (same power concentrated in a narrower bandwidth).

The averaged adjacent power levels for the three adjacent 3.84Mcps channels indicated in Figure 6.1‑2 are listed in Table 6.1‑4.

Table 6.1‑4 – Adjacent Channel Leakage Ratio for three adjacent channels with a 3.84MHz bandwidth

	Chip Rate
	ACLR 1
	ACLR 2
	ACLR 3

	3.84Mcps
	38.4 dB
	56.8 dB
	-

	7.68Mcps
	38.6 dB
	47.3 dB
	57.9 dB


The first point to note is that the adjacent channel leakage into the first the 3.84Mcps band is approximately equal for both chip rates, but the 7.68Mcps transmission results in a significantly higher power in the second adjacent channel (approx. 10dB).
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Figure 6.1‑2 – Simulated UE Output Signal Showing ACLR Measurement bands

6.1.4 TDD/TDD Macro Coexistence

In order to assess the impact of the ACS and ACLR figures on adjacent systems a technique based on capacity reduction due to ACIR similar to the techniques used in [12] was used.

6.1.4.1 System Configuration

The system configuration is defined in Annex B, Table B.1, with the changes detailed in Table 6.1‑5.

Table 6.1‑5 – Parameters Changed in Table B.1

	Parameter
	Explanation/Assumption
	Comments

	Cellular layout
	Hexagonal grid, 19-cell omni-directional
	See Figure B.2 without sectors

	Antenna horizontal pattern
	Omni
	

	Site to site distance
	1000m
	suburban deployment

	Propagation model
	L = 128.1 + 37.6 Log10(R)
	R in kilometers see [12]

	BS antenna gain
	11 dBi
	

	UE antenna gain
	0 dBi
	

	UE noise figure
	5 dB
	

	Thermal noise density
	-174 dBm/Hz
	

	BS total Tx power
	Up to 37 dBm
	

	BS noise figure
	4 dB
	

	UE total transmit power
	24dBm
	

	UE spatial distribution
	Uniform random spatial distribution over system
	

	Frequency re-use
	1
	

	Multi-User Detection
	On
	UL and DL


Both uplink and downlink timeslots from the adjacent systems are assumed to be time-synchronized. This assumption permits the uplink and downlink to be analyzed independently. In addition, only one timeslot was considered.

6.1.4.2 Uplink Capacity Reduction

For the uplink, the capacity is determined by the mean number of UEs in the system that results in a noise rise (interference level) of 6dB in the central cell. The source of this interference in the uplink is made up of intercell interference in the case of an isolated system and gives the reference capacity for the system. Several thousand Monte-Carlo snap-shots are required in order to obtain the necessary statistical significance. For the purposes of this simulation, the UL sensitivity and number users where selected such that the noise rise of 6dB was achieved with about 13 users per cell.

When the second system was added, the interference introduced by the ACLR of the UEs increases the noise rise observed in the first system, resulting in an overall reduction in the number of users that can be supported for a 6dB noise rise at the central cell. The basestations in the second system were situated at the cell borders of the first system, and as such represents the worst case condition as the probability of inter-system interference is higher.

Figure 6.1‑3 shows the results of the capacity reduction simulated for differing values of UE ACLR. These results predict a slightly higher capacity reduction for the uplink in the TDD-TDD case in [12]. Further work may be required here to find a reason for the discrepancy, however, this work is considered beyond the scope of this study item. The results presented here indicate that the typical second-channel ACLR for the 7.68Mcps signal (47dB) will result in a small (~1%) capacity reduction.
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Figure 6.1‑3 – Relative Uplink Capacity vs UE ACLR

6.1.4.3 Summary

It has been shown that the selectivity of an elementary RRC filter implementation in the UE is more than sufficient to permit 7.68Mcps systems to operate along side 3.84Mcps systems. This means that the coexistence of these systems in the downlink will be very similar to the 3.84Mcps to 3.84Mcps coexistence studies already documented in [12].

Analysis of the transmitted signal has shown that 7.68Mcps signal transmitted from the UE will not cause any additional inter-system interference into a 3.84Mcps system in the first adjacent channel over the interference caused by an adjacent 3.48Mcps system. However the 7.68Mcps will introduce a higher level of interference into the second adjacent channel.

To quantify the effect of this additional interference, uplink system simulations have been carried out that have determined the impact of UE ACLR on system capacity. These results have shown that the level of second adjacent channel power from a 7.68Mcps system will have minimal effect on the victim 3.84Mcps system.

The overall conclusion is that 7.68Mcps systems complying with the characteristics set out in section 4.2 can co-exist with 3.84Mcps with out any issues. Further more, simulations of the UE characteristics based closely on practical measurements confirm that it is feasible to implement 7.68Mcps UEs that can comply with these characteristics. 
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