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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#30 as Tdoc R4-040061 for information.

This document presents the text proposal for section 6.1.2, ‘FDD/TDD Coexistence’ to be inserted into TR25-895.

2 Discussion and Background
This section contains a text proposal for insertion into section 6.1.2 of TR25-895, FDD/TDD coexistence. The section concentrates on a spectrum arrangement similar to the current IMT2000 band allocations where FDD uplink and TDD occupy adjacent spectrum without guard band. The analysis is limited to studying the difference between the case where FDD uplink coexists with 3.84Mcps TDD in adjacent spectrum and the case where FDD uplink coexists with a 7.68Mcps TDD in an adjacent channel.
In the scenario where FDD uplink is adjacent to TDD, there are two sources of potential interference, namely TDD downlink to FDD uplink and TDD uplink to FDD uplink.
For the case of TDD downlink to FDD uplink, the interference is completely dominated by the basestation performance. It is proposed in TR25-895 section 4.2.1, that any higher-rate TDD basestation would adopt the existing adjacent channel leakage parameters designed to facilitate the co-siting of FDD and TDD basestations. As a consequence the interference arising from a 7.68Mcps basestation will be no different than that from a 3.84Mcps basestation. In addition a 7.68Mcps Node B does not place any additional requirements on the receiver of the FDD basestation over the requirements needed to co-site with a 3.84Mcps TDD basestation. This is obvious as the higher chip rate transmission is spread over a wider bandwidth, resulting in a lower spectral density (for a fixed transmit power) of interference seen in the adjacent channel of an FDD receiver. For these reasons, the TDD downlink to FDD uplink interference case can be disregarded in the context of TR25-895 as the interference situation has not been degraded from the 3.84Mcps case.
For the case of TDD uplink to FDD uplink, the interference source is completely dominated by the UE adjacent channel leakage power as the FDD receiver ACS would be hardened in order to co-exist with 3.84Mcps basestations. It was shown in section 6.1.1.3 of TR25-895 that the UE adjacent channel power, when measured in the first 5MHz immediately adjacent is no greater than the adjacent channel power from 3.84Mcps UE transmitting the same power. However it was acknowledged that the adjacent channel power in the second 5MHz band adjacent to a 7.68Mcps transmission was significantly higher than the equivalent emission from a 3.84Mcps transmission, however it was feasible with existing technology to keep this second adjacent channel power within the existing specification for 3.84Mcps UEs. The simulation results presented in this section show that for the second channel ACLR specifications detailed in TR25-895 section 4.2.1, the capacity loss in an FDD system is minimal.
For the case of TDD downlink interference, a similar argument is presented that the basestation ACLR is strongly controlled by the requirement to co-exist with other unsynchronized TDD basestations. The only uncontrolled element in the co-existence scenario is the ACS of the 3.84Mcps UE. Currently defined specifications for the UE [8] provide additional protection in the UE for the second adjacent channel above the protection afforded to the first adjacent channel. It can therefore be assumed that the presence of a 7.68Mcps downlink signal, spread over the first and second adjacent channels of an adjacent 3.84Mcps UE will cause no additional interference when compared to an equivalent situation with a 3.84Mcps UE.
However, for higher signal strengths, the effective ACS is limited not by the linear selectivity (filtering) in the UE, but by the non-linear distortion of the receiver front-end. This phenomenon is similar to the issues discussed in relation to the UE transmitter, where by the distortion products caused by a 7.68Mcps signal spread further in frequency (due to the larger modulation bandwidth) than the 3.84Mcps signal. It has been shown for the transmitter that the distortion introduced into the first 5MHz by the 7.68Mcps signal is not larger than the distortion introduced by the 3.84Mcps signal, however it was acknowledged that the distortion falling in the second 5MHz adjacent channel of a 7.68Mcps signal is higher than that introduced by a 3.84Mcps. It is reasonable to assume that a similar behaviour will occur for the receiver front end, although at a lower power level. This document does not attempt to characterize the distortion characteristics of the UE front-end receiver as this is a function of UE implementation, it does show that the probability of a UE being blocked by the second 5MHz adjacent channel from a 7.68Mcps system is acceptably low.
Note that the references [8] and [13] in TR25.895 are:

[8] 3GPP TS 25.102 : “UTRA (UE) TDD; Radio transmission and reception (Release 5)”
 [13] 3GPP TR25.942 “RF System Scenarios Release 5”

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

6.1.1.4.3 Downlink Capacity Reduction

For the downlink, it is proposed in section 4.2.1 of this TR that the basestation ACLR figures for a 7.68Mcps should not exceed those of a 3.84Mcps basestation. With this point accepted, it is clear that there is no additional interference caused by the transmission signal from a 7.68Mcps basestation over the interference from to a 3.84Mcps UE. It is therefore proposed only to study the impact of the UE ACS.

In section 6.1.1.2 of this TR, it was shown that there are no implementation issues associated with the filtering in 7.68Mcps UEs are sufficient to provide the necessary ACS to operate with either 3.84Mcps or 7.68Mcps downlink transmissions in the adjacent channel. Therefore it is reasonable to assume that a 7.68Mcps UE is able to co-exist with both 7.68Mcps and 3.84Mcps adjacent systems with similar capacity losses as the commonly studied 3.84Mcps – 3.84Mcps case.
However, the adjacent channel selectivity is not only limited by the linear filtering capability of the UE, but is also influenced by the non-linear behaviour in the receiver. This is especially relevant at high levels of adjacent channel power. Simulations of the adjacent channel power present the UE based on the simulation assumptions outlined in section 6.1.14.1 with worst-case geographical offset have been carried out and the cumulative distribution has beed plotted in figure 6.1.1.4.3-1. This plot shows that for the Macro-Macro case there is a small probability (<2%) that the signal power will exceed -40dBm (note higher signals may be expected in microcell case). For these relatively high level of adjacent channel powers, there is a danger that the ACS of the UE will become limited by the linearity of the receiver. This is especially important for 7.68Mcps adjacent channels as the wider modulation bandwidth means that the distortion levels in the second adjacent channel are higher than in the case of a 3.84Mcps signal.
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Figure 6.1.1.4.3-1 CDF showing probability of ACS

The degradation of the second adjacent channel of a 7.68Mcps signal relative to the 3.84Mcps second adjacent channel is a strong function of the UE implementation. However, by using the relative 1st and 2nd ACLR figures from section 6.1.1.3 as a guide, it can be expected that provided the UE can maintain at least 33dB ACS for the first adjacent channel (for adjacent channels of both chip rates), then it is reasonable to assume that the second adjacent channel ACS will be close to 10dB better.
Simulations of the degradation in downlink capacity have been carried out according to the guidelines in [13] and a graph showing the capacity reduction is shown in figure 6.1.1.4.3-2. It can be seen, that for the assumed levels of 2nd adjacent channel ACS, the capacity loss is acceptably low (<1%).
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Figure 6.1.1.4.3-2

>>>>>>>>>>>>>>>>>>>> NEXT SECTION >>>>>>>>>>>>>

6.1.2 FDD / TDD Coexistence
6.1.2.4 TDD / FDD Downlink

Current spectrum allocations have placed TDD spectrum well away from the FDD downlink spectrum, with large separations between the systems there no modulation bandwidth specific co-existence issues foreseen. Hence it is reasonable to assume that co-existence between a 7.68Mcps system and a 3.84Mcps is identical and as such any further study is beyond the scope of this TR.
6.1.2.5 TDD Downlink / FDD Uplink

Current spectrum allocations allow for TDD systems to be placed in frequency bands adjacent to FDD uplink. In the case of TDD downlink transmissions interfering with FDD uplink receivers, a deterministic analysis of transmitter power, minimum coupling loss (which is a function of the co-existence scenario, eg co-siting or same geographic area) and receiver sensitivity leads the values of Tx ACLR and Rx ACS that are required. Current specifications for the TDD transmitter [8] along with site-engineering solutions described in [13] are considered sufficient to offer the necessary protection between TDD and FDD. It is therefore it is proposed that the ACLR requirements set out in [8] for 3.84Mcps TDD should also apply to 7.68Mcps TDD. 
6.1.2.6 TDD Uplink / FDD Uplink
For the FDD uplink, the reference system capacity without interference is first 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 both intracell and intercell interference. Several thousand Monte-Carlo snap-shots were run in order to obtain the statistical significance. Simulations assumptions were as set out in [13] for similar capacity analyses.
Once the reference (interference free) capacity had been determined, interference from the neighbouring TDD system was introduced. A spectrum arrangement consistent with the current IMT2000 allocations for FDD and TDD are assumed and that FDD uplink is immediately adjacent to TDD downlink. Note, in general terms, the TDD system may operate with fewer simultaneous uplink users but the level of interference generated by each cell that is visible to an external system can be quite high as a consequence of joint detection which removes intra-cell interference in the TDD system. The FDD system is assumed to be protected by the ACLR of the TDD system and a range of ACLR figures from 25 dB to 50dB have been evaluated. In addition to the ACLR, the uplink of the TDD system is assumed to be active for 7 out of the 15 timeslots which gives a further effective reduction in the total TDD interference of 3.3dB.
The capacity loss for the FDD system is then evaluated by comparing the number of users obtained for the 6dB noise rise for a given ACLR figure with the capacity of the reference case. The relative capacity obtained for a range of ACLR figures are plotted in figure 6.1.2-1
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Figure 6.1.2-1 FDD Uplink Relative Capacity vs TDD Adjacent Channel Leakage Ratio

The results show that the capacity reduction predicted is slightly higher than the  FDD-FDD results in [13]. This is consistent with the use of joint detection in the TDD system creating higher interference levels into a co-existing system. However, the results presented here indicate that for the specified second-channel ACLR for the 7.68Mcps signal (43dB/5MHz) will result in an acceptably small (<1%) capacity reduction. The relative difference between the capacity losses for the ACLR numbers for 3.84Mcps 2nd adjacent channel and 7.68Mcps 2nd adjacent channel given in section 6.1.1.3 is <0.25%.
6.1.2.7 Summary

Given the current spectrum allocations, co-existence between TDD and FDD downlink is not considered to present any modulation bandwidth specific issues, hence TDD/FDD co-existence results will apply both to 3.84Mcps and 7.68Mcps TDD.

The co-existence between TDD downlink and FDD uplink where these bands are in adjacent allocations can be handled with a combination of the current specifications for 3.84Mcps transmitters [8] and site engineering solutions [13].

For TDD uplink to FDD uplink, a statistical analysis has been carried out to assess the impact of the increased second adjacent channel power from a 7.68Mcps UE compared to a 3.84Mcps UE. It has been shown that the loss in FDD capacity due to a 7.68Mcps UE operating to the performance outlined in section 4.2.1 of this TR is less than 1%. Further more, comparing the capacity loss due to the second adjacent channel between realistic 3.84Mcps and 7.68Mcsp UEs, it was shown that the 7.68Mcps causes less than 0.25% additional capacity loss.

























































