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1
Background

At its meeting #23 held in Gyeongju, Korea, 13 -17 May, 2002, RAN WG4 decided that the scope of the Study Item “Feasibility Study considering the viable deployment of UTRA in additional and diverse spectrum arrangements” includes both UTRA modes FDD and TDD; previously, the corresponding Technical Report TR 25.889 was based on contributions to RAN WG4 focussing on the UTRA FDD mode only. First contributions dealing with UTRA TDD were provided for RAN WG4 #24 held in Helsinki, 12-16 August 2002, but not agreed, partly due to the fact that it was unclear if the Study Item shall include coexistence considerations for the deployment of TDD with FDD in this band.

In the meantime, TSG-RAN meeting #17 provided some clarification of the scope; see RP-020668. Based on this clarification, the present contribution proposes new text describing the feasibility of UTRA TDD in the band 2500-2690 MHz. This new text includes considerations on technical implementation issues and requirements for updating 3GPP specifications. It concludes that UTRA TDD represents a viable candidate for the use of any new spectrum identified for UMTS, including in particular the band 2500-2690 MHz.

2
Proposal

It is proposed to approve the attached text on the feasibility of UTRA TDD in the band 2500-2690 MHz and incorporate it as a new clause 8 into an updated version of TR 25.889.

Proposed new text for clause 8 of TR 25.889

8
Feasibility of UTRA TDD in the band 2500-2690 MHz

8.1
Introduction

As already indicated in clause 5 of this TR, ITU-R is in the process of considering frequency arrangements for the terrestrial component of IMT-2000. As part of the process, ITU-R has considered the use of the band 2500-2690 MHz identified by WRC-2000. As a conclusion, three basic frequency arrangements and combinations of them are recommended in order to meet the demand for additional traffic; see [ITU-R M.1036-2]. One of these basic arrangements is the operation of TDD using exclusively the complete band 2500-2690 MHz.

In line with this recommendation, clause 8 of this TR investigates the feasibility of UTRA TDD in this band. The following aspects are covered:

· Technical implementation issues 

· Requirements for updating 3GPP specifications. 

8.2
Technical implementation issues

8.2.1
Coexistence considerations

Generally, UTRA TDD systems may be used in synchronised or unsynchronised operation. Here, “synchronisation” refers to the alignment of both radio frame and DL/UL switching point of UTRA TDD systems so that synchronised systems would exhibit the same transmission direction (UL or DL) on adjacent carriers. Synchronised operation in the complete band would require co-operation between different operators either on a voluntary basis or demanded by regulatory means. On the other hand, unsynchronised operation refers to the situation where UTRA TDD systems do not align the transmission direction. In this case the transmission direction may be reversed on carriers close in frequency. Even for the unsynchronised case it can be assumed that the transmission direction are not intentionally reversed so that the transmission direction are partly the same.

As already pointed out before, clause 8 of the present study is written under the assumption that the complete band 2500-2690 MHz is used exclusively for UTRA TDD. Coexistence and compatibility issues associated with this frequency arrangement equally exist in the UTRA TDD core band.  These issues have been subject to various studies within 3GPP captured in TR 25.942 for both unsynchronised and synchronised TDD operation. As a result, requirements for coexistence of UTRA TDD systems have been derived and introduced into the relevant 3GPP specifications. 

For operation in the band 2500-2690 MHz, three new aspects with regard to the core band may require consideration:

Aspect 1:

The total bandwidth of the additional band is 190 MHz. This is significantly higher than the bandwidth of 15 to 20 MHz of the UTRA TDD core band(s). As a consequence, the coexistence analysis has to take into account a higher number of frequency channels used by potential TDD aggressor and victim carriers.

Aspect 2:

Due to the limited bandwidth of the current UTRA TDD core band, each operator will typically be in control of one 5 MHz block only. In the additional band 2.5-2.69 GHz, however, the spectrum assigned to each operator will typically consist of several 5 MHz frequency blocks. This gives rise to the following aspects:

· Possibility of synchronised TDD operation within one operator’s frequency block to reduce interference.

· Possibility of a frequency-reuse other than 1.

· Possibility of additional escape mechanism in frequency domain beside escape mechanism in the time domain.

In the following a frequency-reuse of 1 as for the core band is assumed.

Aspect 3:

Increased de-coupling between victim and interferer due to increase of path loss at higher carrier frequency.

The coexistence of different TDD systems has to be investigated and taken into account when deriving general requirements. In the following, the considerations made for the current spectrum arrangement are reviewed within the light of the new aspects identified above for both unsynchronised and synchronised TDD operation.

Synchronised TDD operation 

In case of synchronised operation, the interference mechanism BS to UE and UE to BS interference occur. As the transmission direction is aligned on all carriers and the unwanted emission performance and blocking performance improves with increasing carrier separation, it is not expected that  aspect 1 (increase of the total bandwidth of additional band) will impact the coexistence. Aspect 2 (increase of  frequency block per operator) will ease the coexistence as interference scenarios can be escaped additionally in the frequency domain. However, escape mechanisms have not be taken into account in the coexistence simulations so far. The effect of escape in the frequency domain was only investigated for FDD in Tdoc R4-99640. As the interference mechanism is similar for TDD, a similar gain can be expected here as well. The increase in de-coupling (aspect 3) between UE and BS will be in the range from 2-4 dB depending on the assumed path loss model. This may as well ease the coexistence, but it is not expected that this will have a significant impact as the interferer has to increase its output power to cope with the increase in path loss.

As a consequence, coexistence considerations performed for the UTRA TDD core band in synchronised operation seem to be equally applicable for the additional band 2500-2690 MHz.

Unsynchronised TDD operation 

In case of unsynchronised operation, the transmission directions will be partly the same and partly reversed. For the time periods with the same transmission directions, the same considerations as for the synchronised operation apply. For the periods with reverse transmission direction, the interference mechanism BS to BS and UE to UE interference occur.

BS to BS interference scenarios
The unwanted emission requirements for base stations in unsynchronised TDD operation are based on BS to BS de-coupling values (MCL) derived from reference scenarios as described in TS25.942. Aspect 3 would lead to an increased de-coupling for the reference scenarios. For the freespace path loss model (line-of-sight), the increase of de-coupling would be in the order of about 2 dB. However, for the co-location of wide area base stations, a minimum coupling loss of 30 dB has been assumed independent of the carrier frequency. Therefore, it is expected that the BS to BS de-coupling values will not be changed for other frequency bands.

Even though the number of TDD carriers is higher in the 2.5-2.69 GHz band (aspect 1), it is assumed that only one base station will be at MCL and the interference is dominated by this base station. It should be noted that the unwanted emission requirements for BS to BS interference are defined in terms of an absolute power level and the same requirements do apply to multi-carrier operation. That means aspect 2 is already taken into account.

In the current specifications, the unwanted emission requirements for BS to BS interference are divided into ACLR and spurious emission requirements. In the same way as for protection of the adjacent FDD UL band in the current band allocation, the spurious emission requirement are tighter with respect to the ACLR requirements. That means aspect 1 is already taken into account.

In the current specification, no specific blocking/ACS requirements are defined for base stations in unsynchronised TDD operation. This is due to the fact that in TDD the same frequency is used for receive and transmit. A RF-filter, which improves the unwanted emission performance, will also improve the receiver blocking performance. Further, the victim system may synchronise itself to the interfering system or accept a higher interference level in certain timeslots as it can allocate these timeslots to UEs close to the base station. Hence, from the perspective of a general requirement for the receiver, only the requirements for synchronised operation are considered as necessary.

UE to UE interference scenarios

Results of TDD UE to TDD UE interference simulations for the current spectrum can be found in TR25.942. Simulations were performed for Macro-Macro, Micro-Micro, Pico-Pico and Macro-Micro scenarios. In the simulations a uniform user distributions was assumed and one victim carrier and one interfering carrier. In all simulated scenarios, the capacity loss was below 4 %.

In the same way as for the other interference scenario the increase in carrier frequency will lead to an increase in de-coupling between victim and interferer (aspect 3). On the other hand the increased coupling loss will lead to an increase of the transmit power of the interfering UE. It is expected that these effects will counteract and that there is no difference in the capacity loss.

So far, coexistence simulations were only limited to one interfering and one victim system. Due to the improvement of the unwanted emissions and blocking performance with increasing carrier separation, it is not expected that the results will change significantly when more than one interfering system is considered (aspect 1). It should be further noted that for FDD UE to TDD UE coexistence simulations, also no significant impact onto the TDD victim system was observed even though the number of interfering terminals is higher in this scenario due to the continuous transmission of the FDD terminals.

It should be noted that in the simulations, escape mechanism such as DCA were not taken into account. If operators have more than one TDD carrier, the escape cannot only take place in the time domain but also in the frequency domain (aspect 2). This should rather ease the coexistence.

As a consequence, coexistence considerations performed for the UTRA TDD core band in unsynchronised operation seem to be equally applicable for the additional band 2500-2690 MHz.

8.3.2
Radio propagation aspects

As already highlighted in the previous chapter on coexistence, basic radio propagation effects such as path loss are dependent on the frequency of the signal under consideration, but independent from the detailed characteristics of this signal. Therefore, the discussion of propagation aspects for the 2.5 GHz band in subclause 7.1.2.1 of this TR is equally applicable for UTRA TDD when operated in this band. In particular, also UTRA TDD will experience an increased path loss compared to the operation at the UMTS core band. Depending on which of the two UMTS core bands for TDD is considered as reference for comparison, the increase of path loss calculated according to the equation given in 7.1.2.1 is in the range from 3.1 dB (for reference frequency equal to 2025 MHz) to 4 dB (for reference frequency equal to 1900 MHz). Taking into account additional cable losses, the increase of path loss may reach values in the order of 4.5 dB.

In UTRA TDD, this increase of path loss will affect both DL and UL in the same way, as DL and UL transmissions takes place on the same carrier frequency; thus retaining the symmetry of the link budget. As a consequence, the use of the 2.5 GHz band will mainly result in smaller cell sizes assuming a constant output power, but no changes in available traffic capacities.

8.3.3
Enabling technologies

The duplex arrangement of UTRA TDD is independent of the spectrum arrangement, as only one frequency channel is needed for uplink and downlink transmission. Therefore, UTRA TDD may be deployed in the band 2500-2690 MHz (as in every other new band) without the need for developing, introducing and applying new technology concepts. The only new technology required is related to the RF front-end in the transmitter and the receiver of both the UE and the Node B which has to be capable of operating in the new band 2500-2690 MHz. As this band is not significantly higher than the UMTS core band and as it is expected that the RF requirements will be similar to the requirements for the core band, it may be safely assumed that UE and Node B vendors will face no major difficulties in providing the required components.

8.4
Requirements for updating 3GPP specifications

In case the new frequency band 2500-2690 MHz will be designated to UTRA TDD, either completely or in parts, some update of the current 3GPP specifications will be necessary. The following subclauses consider all four RAN Working Groups and list those specifications where the need for an update is identified.  

8.4.1
Physical layer of the radio interface (RAN WG1)

The 3GPP specifications developed under the responsibility of RAN WG1 deal with the physical layer of the radio interface between UE and UTRAN and includes the specification of physical channel structures, the mapping of transport channels to physical channels, spreading, modulation, physical layer multiplexing, channel coding and error detection. All these specifications describe physical layer procedures that are independent from the actual carrier frequency; therefore, they will be equally applicable in case of operation of UTRA TDD in the band 2500-2690 MHz. As a consequence, no requirements for updating of these specifications are identified.

8.4.2
Radio interface architecture and protocols (RAN WG2)

8.4.2.1
UE Radio Access capabilities

It has already been explained in the context of UTRA FDD in subclause 6.1.1.1.3, that UTRAN needs to be aware of the frequency bands that a given UE is able to support. Therefore, information on supported frequency bands is included in the UE radio access capabilities which are sent to UTRAN during the initial RRC signalling. Obviously, the same is also true for UTRA TDD. 

The UE radio access capabilities for both UTRA FDD and UTRA TDD are specified in TS 25.306. According to all current versions of TS 25.306 (R99, Rel-4 and Rel-5), the TDD UE is able to indicate the support of the following frequency bands as defined in subclause 5.2 of TR 25.102:

a) 1900-1920 MHz and 2010-2025 MHz

b) 1850-1910 MHz and 1930-1990 MHz

c) 1910-1930 MHz

The signalling possibilities include the indication of one of the alternatives a), b) or c) given above or of any combination of these alternatives. If the new band 2500-2690 MHz would be designated to UTRA TDD in a new release, it would be adequate to amend TS 25.306 by introducing a further signalling possibility indicating the UE support for this band.

In addition, as already mentioned in subclause 6.1.1.1.3, TS 25.307 may be used to specify requirements for UEs supporting a frequency band that is independent of a specific release. Therefore, TS 25.307 may be amended in future to enable UEs of release R99, Rel-4 or Rel-5 to also indicate support of any new band, in particular the band 2500-2690 MHz.

8.4.3
Overall UTRAN architecture and protocols of the Iu interfaces (RAN WG3)

The 3GPP specifications developed under the responsibility of RAN WG3 deal with the overall UTRA architecture and the protocols of the Iub, Iur and Iub interfaces. These specifications are independent from the actual carrier frequency; therefore, they will be equally applicable in case of operation of UTRA TDD in the band 2500-2690 MHz. As a consequence, no requirements for updating of these specifications are identified.

8.4.4
Frequency bands and RF parameters (RAN WG4)

8.4.4.1
Frequency bands

Currently,  subclauses 5.2 of both TS 25.102 and TS 25.105 define operation of UTRA TDD within three alternative frequency arrangements; see also subclause 8.6.2.1 above. Furthermore, these specifications state that "Deployment in existing or other frequency bands is not precluded."

In case additional frequency bands for UTRA TDD will be introduced into the 3GPP specifications, the corresponding sections in 25.102 and 25.105 have to be amended accordingly.

8.4.4.2
RF parameter

The operation of UTRA TDD equipment (UE and Node B) within the band 2500-2690 MHz may have an impact on the achievable values of the RF parameters taking into account both the increase in absolute carrier frequency compared to the current bands and the resulting decrease in relative channel bandwidth. These effects may influence the basic RF parameters Rx sensitivity and Tx power and also ACLR and others. In case of the UE, additional degradations may occur if the UE should be made capable of operation in more than one of the spectrum arrangements.

In any case, an update of the specifications will be required to define the values of the RF parameters in the additional frequency bands. Further study will be needed to conclude whether the same values as in the current bands are achievable or some modifications have to be taken into account.

8.5
Summary and conclusions

In the light of the discussions above, UTRA TDD represents a viable candidate for the use of any new spectrum identified for UMTS, including the band 2500-2690 MHz, due to the following reasons:

· UTRA TDD allows the frequency allocation for new operators, which do not have a frequency block in the core bands.

· The study on the use of UTRA TDD in new spectrum does not reveal any general new technical aspects and does not require the development and implementation of new concepts.

· The higher path loss experienced at 2.5 GHz band when compared to the operation in the UMTS core band does not change the symmetric link balance. Assuming that frequencies outside of the UMTS core band will mainly be used for capacity enhancements (and not for an increase in coverage), the higher path loss will practically have no negative system impact.
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