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1 Introduction

UE handover measurements of a FDD UE on other frequencies and systems have previously been discussed. The advantage of using compressed mode is to limit the complexity of a UE. In some cases it is impossible to measure without uplink compressed mode, in other cases the complexity of the UE is increased considerably. 

The disadvantage of using compressed mode is the performance of the network. The compressed mode will degrade capacity because the transmitter is not allowed to transmit during the gap. The rate of the measurements and the length of the gaps affect the degradation, therefore parameters for the compressed mode that optimizes the performance must be found. Also in uplink compressed mode the peak power of the UE has to be increased somehow. Therefore there is a concern that the range of the UE is limited when using uplink compressed mode.

The complexity of the handover measurement in the UE is high, especially without the compressed mode. Both the cost, size and power dissipation are affected by the measurements, In the discussion on compressed mode the extent of the UE complexity must be considered. 

In this paper the UE complexity of handover measurements is discussed. The handover cases considered are measurements from an UTRA FDD UE considering inter-frequency handover, handover to TDD, handover to GSM900, and handover to GSM1800. For these cases the complexity in the UE is discussed for measurements without compressed mode. The complexity is stated in relation to the case when measurements are performed when compressed mode is used. 

The idea presented in this paper is that there should be a tradeoff between disadvantages in the network of using compressed mode and complexity advantages in the UE when compressed mode is used. 
2 Measurements using compressed mode for a FDD UE on different systems

In this paragraph the measurements from UTRA FDD on GSM, UTRA FDD and UTRA TDD are discussed. The complexity for the terminals when compressed mode is used is discussed

2.1 FDD to GSM 1800 (Inter-system measurements)

2.1.1 Uplink

Without uplink compressed mode the UE should transmit a UTRA FDD signal simultaneously as it should receive and measure a GSM1800 signal.

The frequency separation between the UTRA FDD transmit band and the GSM receive band is only 40 MHz. The suppression in the duplexer between the GSM downlink and the UTRA FDD uplink band is not strong enough to make measurements on GSM. The transmission power in the UTRA FDD band will therefore leak into the receive band in the GSM band where the measurements should be performed. 

Therefore the GSM 1800 measurements can not be performed while transmitting UTRA FDD signals, and hence uplink compressed mode is necessary. 

2.1.2 Downlink 

When receiving GSM 1800 and FDD simultaneously on the same antenna a diplexer, which split the received signal between the two receivers, must be used. The diplexer separates the GSM1800 receiver band and the UTRA FDD receiver bands, this function is similar to the separation of the UTRA FDD receive and transmit bands in the UTRA FDD duplexer. The size and loss of such diplexer is also comparable to the UTRA FDD duplexer, which means several dB losses. As such the noise figure will be much worse for a dual mode UTRA FDD/GSM terminal with a diplexer separating the frequency bands compared to single mode UTRA FDD terminal. This component is also big and uses extra power that decreases both talk and standby time. 

When measuring on GSM1800 without compressed mode the power supply must be dimensioned for running two receivers in parallel. This leads to almost double peak power from the power supply and the power regulators can not be used for both the UTRA FDD and GSM 1800 mode. This means either adding extra discrete regulators or adding regulators in a dual mode power management ASIC, just to manage the short time period when monitoring is done. Both solutions would mean a substantial size and cost penalty. 

Therefore a downlink compressed mode used for these measurements decreases the prize, size and power consumption during connected mode of the UEs.
2.2 FDD to GSM 900 (Inter-system measurements)

2.2.1 Uplink

There is no increase of complexity for a terminal to transmit UTRA FDD while measuring on GSM 900.

2.2.2 Downlink

When measuring on GSM 900 without compressed mode the power supply must be dimensioned for running two receivers in parallel. This is exactly the same problem as described for GSM1800 in paragraph 2.1.2. The conclusion there were that a solution without compressed mode leads to a substantial size and cost penalty. 

By using compressed mode in downlink there is no need for running two receivers simultaneously and therefore the power supply only has to be designed for running one receiver.

Note that in GSM900/GSM1800 dual mode terminals, parallel receivers do not have to be used simultaneously because of the TDMA structure. Therefore this is a disadvantage compared with GSM terminals.

2.3 FDD to FDD (Inter-frequency measurements)

2.3.1 Uplink 

Without compressed mode in uplink every UE has to support variable duplex distance. This means that two synthesisers must be running continuously, one for transmitter and one for receiver. 

In a fixed duplex terminal only one synthesiser is used, which is connected to both the transmitter and the receiver with a fixed frequency separation. 

A synthesiser uses about 10-15% of the total power in a small handheld voice terminal. Therefore with a scheme when uplink compressed mode is not supported the power consumption in talkmode is significantly increased.

2.3.2 Downlink

Without the compressed mode in DL, two parallel receivers have to be used simultaneously.

The extra receiver would mean a larger design with more hardware, the increase of power consumption would also be very high, 30% for the extra receiver. Therefore the power supply must also be designed for higher power which also means higher cost, larger terminals and degraded talk time.

The received signal must also be split to both receivers. This leads to at least 3 dB higher loss in the receiver chain, which will result in higher noise factor and thereby a degraded performance. 

2.4 FDD to TDD (Inter-mode measurements)

2.4.1 Uplink

The frequency separation between the TDD frequency band and the FDD transmit frequency band is very small. It is impossible to measure on a TDD channel simultaneously as a FDD signal is transmitted because the transmit power from the FDD signal will leak into the TDD receive band. This is as similar problem as the GSM 1800 measurements.

The uplink compressed mode is thus required to measure on a TDD signal.
2.4.2 Downlink

Measuring TDD without downlink compressed mode means that two receivers must be run in parallel. As noted before, running two receivers in parallel leads to much more complex terminals which have much higher power dissipation than with downlink compressed mode.

It also means that the TDD and FDD receivers must be completely separated, there is no possibility to reuse parts of the receiving chain. 
3 Proposal how to continue the discussion about compressed mode

A UE complexity analysis of handover measurements has been presented for interfrequency and intersystem handovers. To make a sound decision for the specification of the usage of compressed mode, a trade off should be made between system performance and the UE complexity. 

A table as shown below can be used to find this trade off. In the table, other important parameters for the trade off have been included: minimum rate for measuring a system and the complexity impact of having a compressed mode. 


UL/DL
Complexity impact without the compressed mode
Performance




Required measurement rate 
Performance at the given rate

GSM 900
UL
No impact.




DL
Power supply must be designed for twice the power. Leads to size and cost penalty.



GSM 1800
UL
Not feasible due to unrealistic duplexer.




DL
Power supply must be designed for twice the power, size and cost penalty, increased noise figure.



FDD
UL
Two synthesisers required, increased power consumption.




DL
Two receivers required, increased size and power consumption, higher noise figure, complex implementation.



TDD
UL
Not feasible due to unrealistic duplexer.




DL
Two receivers required, increased size and power consumption, higher noise figure, complex implementation.



In this table the measurement rate and the performance when using compressed mode do not contain any values yet. These must be filled in before the trade off can be performed. Therefore we urge all to provide these numbers in typical and extreme scenarios so that they can be used as a basis for the tradeoff to reach a decision. 

When the values are available, it is possible to make a proper tradeoff between system performance and UE complexity. With this background it is possible to decide on the usage of compressed mode development of competitive UTRA FDD terminals is possible.

