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Feasibility of 2.5 GHz band downlink only operation

Introduction

In Europe the band 2500-2690 MHz is considered to be the prime extension band for IMT-2000.  ERC PT1 is currently assessing the potential frequency arrangements for the band, taking into account different technologies and expected asymmetric traffic requirements. One of the frequency arrangements being considered is to use this band only for downlink traffic.

Each of these potential frequency arrangements will require an analysis to determine the nature and extent of any technical issues that may arise.  This paper investigates the issues that arise in providing an UMTS FDD service in the core band, while the extension band contains only downlink carriers. 

It is concluded that it is feasible to use the 2500-2690MHz band for downlink-only operation.

2.
Summary of Issues

Three main issues arise when considering the feasibility of providing a service when the extension band is arranged as a downlink band only. 

· Coverage: It is possible that the additional 2.5 GHz carriers added to existing cells could result in non-overlapping coverage owing to the higher path loss. This coverage loss would prevent handover to a different cell, also using a 2.5 GHz carrier, without changing to a downlink carrier in the UMTS core band.  (Note that here a cell is defined as including the additional 2.5 GHz downlink carrier(s) on the same cell as the core band carriers. This is different to the commonly used definition, as carriers in different bands are usually considered to be in different cells.)

· Hard handover signalling: Inter-frequency handovers for which only the downlink frequency changes are different to ordinary hard handovers (where both the up- and downlink frequencies change). This will make it necessary to handle the signalling for the handover in a different way. 

· Common channels: When pairing multiple downlink carriers with one uplink carrier, it is not directly obvious how the configuration of common channels will work, i.e. which channels are present on which carriers and when a particular channel on a particular carrier is used.

Annex A provides a detailed technical analysis of these issues. The configurations and methodologies presented in the annex are not necessarily the only solutions, but they are considered to be the preferred options. 

Conclusions

The issues considered do not result in any problems preventing the use of the 2.5 GHz band for downlink only. The main conclusions are:

· Coverage: The higher path loss at 2.5 GHz does not cause any problems, due to the small difference with the core band downlink (1.76 dB) and for UMTS, coverage is uplink limited for low cell loads. 

· Hard handover signalling: Handover between cells with and without additional downlink carriers will not be a problem, as the specifications have the flexibility to handle this. The same is true for handover between downlink carriers within a cell.

· Common channels: The functioning of common channels will not be affected, as the uplink carrier can have separate common channels for each downlink carrier.

Annex A
Technical analysis

A.1
Introduction

The technical analysis focuses on three aspects. The first aspect is the effect on path loss and coverage due to the frequency difference; the second aspect is the functioning of protocols due to the pairing of multiple downlink carriers with one uplink carrier. In particular, the functioning of protocols for hard handover is considered. The third aspect that is considered is the use of common channels. 

A.2
Coverage of 2.5 GHz downlink carrier

Consider two adjacent cells, both with one pair of core band up- and downlink carriers, as well as one additional downlink carrier from the 2.5 GHz band. It is desirable that the additional downlink carrier has the same coverage as the core band carriers. However, the higher frequency of the 2.5 GHz band will result in slightly higher path loss than for the core UMTS downlink band. In the analysis below this difference is calculated, and the effect of the difference is considered.

The path loss model for vehicular environments applied here is [1]
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where

R is BS-to-MS separation in kilometres

(hb is the base station antenna height, in metres, measured from the average rooftop

  level

f is the carrier frequency in MHz

Taking (hb = 15 m, the path loss equation becomes
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The path loss will be calculated for the core band downlink, and for the 2.5 GHz band. The frequency used will be the middle of the band, which is 2140 MHz for the 2110 – 2170 MHz band, and 2595 for the 2500 – 2690 MHz band. The difference in path loss between 2140 MHz and 2595 MHz is
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The ratio between the maximum unloaded downlink cell ranges R2 (for the 2.5 GHz band) and R1 (for the core band) is then
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The downlink range in the 2.5 GHz band would be 10% less than the core band. However, coverage is uplink limited for UMTS. Therefore, for low cell loads the downlink is not the limiting link direction. However, as cell load increases, the downlink range decreases more rapidly than the uplink range, as the transmit power of the base station is shared between an increasing number of users.

If the 2.5 GHz DL carrier has a smaller maximum load than the core band DL carrier, this can compensate for the difference in path loss, as more power will be available to obtain the necessary coverage. Although the capacity will be slightly reduced, there will then be no reduction in coverage. Alternatively, the maximum transmit power of the downlink power amplifier could be increased by 1.76 dB to restore the same range. 

A.3
Hard handover signalling

If the 2.5 GHz band is used for downlink only operation, it will have to be paired with an uplink frequency in the UMTS core band and the UMTS signalling will have to be able to handle this. However, the design of the signalling protocols of UMTS was not done with this configuration of frequencies in mind, and the protocols might not provide the necessary support. This section specifically considers hard handover.

Signalling between the UE, the Node B and the RNC is performed using standardised messages that have to meet the 3GPP specifications. The parameters of these messages, called Information Elements (IE), are often large in number and the parameter values are, in general, flexible.

There is a distinction between specifications that are currently being finalised and specifications that are planned for the future. It would be an advantage if 2.5 GHz DL only operation could be implemented using current specifications and it is therefore interesting to consider solutions for which this is the case. The solutions may not be the most elegant, but they will work.

The Release 99 and Release 4 specs are considered to be current specifications. The possibility of modifying these specifications is very limited. Release 5 and releases to follow in the future are considered as future specifications and these specifications are open to modifications. It is expected that IMT-2000 terminals operating in the 2.5GHz band will not be required until at least 2007. There is therefore ample time to make the necessary changes to the specifications and to develop the terminals.

A.3.1
Frequency info

For handovers, a fundamental requirement is that the frequencies to which handover takes place can be specified in the protocol messages. This is determined by the information element used to specify the up- and downlink frequencies. The information element ‘Frequency info’ [2] specifies, for FDD, the uplink and downlink separately (if only the downlink frequency is defined, the default duplex distance of 190 MHz is used).

Both the up- and downlink frequencies are specified by the UMTS Absolute Radio Frequency Channel Number (UARFCN) [3]. The frequency range that is supported is [0.0, 3276.6] MHz. Given that each centre frequency in UMTS is a multiple of 200 kHz, the UARFCN is an integer in the range [0, 16383]. Each step in the UARFCN corresponds with a step of 200 kHz (starting from 0).

On a protocol level, this means that the up- and downlink frequencies can be easily selected independently and that the frequency range supported includes the 2.5 GHz band.

A.3.2
Scenarios

The analysis in this paper is for the case of one uplink frequency and there are two downlink frequencies. It is possible (and even likely) that there will be more than two downlink frequencies for each uplink frequency, but the signalling requirements would be the same. The uplink frequency will be referred to as fu; the downlink frequencies will be referred to as fd1 and fd2. If relevant, it is assumed that fd2 is the higher frequency of the two.
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Figure 1 Two adjacent cells, one of which has an additional downlink carrier

Figure 1 illustrates the scenario of two adjacent cells. A UE on fd2 on cell 1 will have to be handed over to fd1 if it moves to cell 2 (note that it is possible that multiple handover steps will be used). The new requirement is that the uplink frequency does not change when moving from cell 1 to cell 2 (although the handover to another cell is illustrated in the figure, hard handover within a cell is also considered). 

The following two sections consider two scenarios. First, a hard handover to a different downlink frequency within a cell is considered. There may be other surrounding cells, but these are not relevant in this case. Handover within a cell may take place to manage traffic in different layers. The second scenario that is considered will occur on the boundary between a busy (extra downlink carrier needed) and a less busy (no extra downlink carrier) area, and is the scenario that is illustrated in Figure 1.

A.3.3
Intra-cell hard handover (downlink to a different frequency)

In this scenario, the hard handover in the uplink is carried out by doing a hard handover to a different scrambling code on the same uplink frequency. The hard handover in the downlink is simply a handover to the other frequency.

Method

SC1 and SC2 are two different uplink scrambling codes. They are simply numbered 1 and 2 to distinguish between them. 

Start situation: DL on fd2, UL on SC1 (on fu)

Steps

1. (RNC ( Node B) Radio Link Setup, parameters: DL on fd1, UL on (fu, SC2) 

2. (RNC ( UE) Physical Channel Reconfiguration: DL on fd1, UL on (fu, SC2) 

3. L1 synchronises, radio link is restored

4. (UE ( RNC) Physical Channel Reconfiguration Complete 

5. (RNC ( Node B) Radio Link Release: DL on fd2, UL on (fu, SC1) 

End situation: DL on fd1, UL on SC2 (on fu)

The UE is not specifically aware that the hard handover is to the same frequency in the uplink. The ‘Physical Channel Reconfiguration’ message is purely what the name suggests for the UE: it reconfigures the physical channel. 

This method would not require any modifications to the specifications. A slightly more refined solution would be to do the hard handover in the downlink only, leaving the uplink completely unchanged. This would require changes to the ‘Radio Link Setup Request’ and ‘Radio Link Deletion Request’ messages so that they can also be used to set up and remove links in the downlink direction only.

A.3.4
Inter-cell handover (downlink to a different frequency)

The preferred method for this scenario is to perform the (downlink only) hard handover before the soft handover region is reached. For this to be possible it would be necessary for capacity to be available on the frequency to which hard handover takes place. The timing of the hard handover would also be important. If the hard handover is done too late, or takes too long, the system will also go into soft handover too late, resulting in excessive interference.

The hard handover will have to be performed at the moment in time at which usually the system would go into soft handover (by Radio Link Addition). It is not possible to do the hard handover just before this point is reached, as it is not yet known when the soft handover will be necessary. The fact that the serving cell’s signal strength has become weak while other cells are becoming stronger is an indication, but this is not reliable enough.

The disadvantages of this method are:

· Capacity must be reserved on fd1 to enable hard handover down to this frequency for UEs on fd2 moving to the other cell.

· Having to do a hard handover first will delay the start of soft handover, and may result in undesirable interference (on the uplink)

Despite these disadvantages, which are not a major problem, this is a suitable method to perform the handover to another cell. What makes it suitable is the fact that it is implementable, that it requires no major specifications changes and that there is no strong reduction in capacity. It may also be beneficial to handle resource management in such a way that terminals, that do not change cell frequently, use the 2.5 GHz band.

Depending on how the hard handover is implemented, this method is based on either current or modified specifications. The hard handover is intra-cell, and this type of hard handover is described in section A.3.3.

A.4
Common channels

The use of common channels needs to be considered because it may be necessary to combine two (or multiple) downlink common channels with one uplink common channel.  This section considers the configuration of the common channels, as their correct functioning is essential for procedures such as cell search, connection setup and RACH/FACH packet data.

An important issue is which channels are present on which carriers. If two downlink channels (on different frequencies) share the same uplink channel, it could potentially be possible that a downlink message sent in response to an uplink message is transmitted on the wrong downlink channel (i.e. the UE is ‘listening’ to a different downlink frequency).

Before going into more detail, the different channels that are considered here are listed. The following transport channels are relevant, as they are essential for common procedures such as connection setup:

· BCH (Broadcast Channel) mapped to P-CCPCH (downlink)

· PCH (Paging Channel) mapped to S-CCPCH (downlink)

· FACH (Forward Access Channel) mapped to S-CCPCH (downlink)

· RACH (Random Access Channel) mapped to PRACH (uplink)

The following physical channels are also relevant:

· SCH (Synchronisation CHannel)

· CPICH (Common PIlot CHannel)

These channels are not linked to any transport channels and are purely physical channels that are used in the process of gaining access to the network.

The following logical channels are mapped to the transport channels listed above:

· BCCH (Broadcast Control CHannel), usually mapped to BCH

· PCCH (Paging Control CHannel), mapped to PCH

· CCCH (Common Control CHannel), mapped to RACH (uplink) and FACH (downlink)

· DTCH (Dedicated Traffic CHannel) / DCCH (Dedicated Control CHannel), mapped to RACH (uplink) and FACH (downlink) for small amounts of packet data

It is necessary for each downlink carrier to have its own CPICH, SCH and BCH channels. The SCH is necessary to synchronise to the timing of the carrier, and is therefore required for each carrier. The CPICH is used for channel estimation and for finding the cell scrambling code, and is therefore also required for each carrier. The BCH is required for the purposes of SFN (System Frame Number) and CFN (Connection Frame Number). The P-CCPCH (which the BCH is mapped to) is the timing reference for soft handover.

The common channels that need not necessarily be present on each downlink carrier are PCH and FACH. However, to support RACH/FACH packet data on each carrier, the choice is made to include the FACH channel. Given that FACH is mapped to the S-CCPCH, as is the PCH, the PCH channel is included as well. This has the advantage that then all channels are present to do connection setup. 

The FACH channel is often used in combination with the RACH in the uplink. It is not advisable to use one RACH channel for multiple FACH channels, as this could result in confusion over which FACH channel should be used to respond to a message received on the RACH. 

Consider a situation where two downlink carriers are paired with one uplink carrier. The two downlink frequencies use different downlink scrambling codes. The single uplink frequency has two PRACH channels, one for each downlink frequency. Each PRACH has an uplink scrambling code that maps to the downlink scrambling code of the carrier that it is paired with (there are 16 such uplink scrambling codes available for each downlink scrambling code). Therefore, it is clear for both PRACH channels which downlink carrier they are paired with. Using this method effectively separates the two PRACH channels.

The frequency and scrambling code of the PRACH are indicated on each BCH separately. It will be necessary to add the uplink frequency of the carrier that has the PRACH on it to the System Information that is transmitted on the BCH, as this is not included in the specifications at the moment.

A.5 
Conclusions

Coverage

If a 2.5 GHz band downlink carrier is added to a core band cell, the slightly higher path loss at 2.5 GHz (the difference is 1.76 dB) will not prevent overlapping coverage being achieved. The reason for this is that for low cell loading the coverage of UMTS FDD is uplink limited. Therefore, for large cells (which will have a small load factor) the reduction of the downlink coverage range is not significant. For high cell loading the coverage / capacity can become downlink limited. So, to maintain coverage for the same transmit power, the load factor of the 2.5 GHz carrier will have to be smaller than for the core band DL carrier. Alternatively, the power of the carrier at 2.5 GHz could be increased by 1.76 dB to provide equivalent performance to the core band downlink.

Hard handover signalling

Intra-cell hard handover involves the change of only the downlink frequency. This can be done in the same way as an ordinary (i.e. core band only) hard handover, by reconfiguring the UE and the network to use a different frequency in the downlink and to change to a different scrambling code on the same frequency in the uplink. This would require no modifications to the specifications.

Alternatively, a more elegant solution would be to change only the downlink frequency, leaving the uplink completely unchanged. This would require some changes to the way in which radio links are reconfigured, as only the downlink changes. 

A handover from a cell with an additional downlink carrier to a cell with only core band carriers is best performed by doing an intra-cell hard handover to the downlink core band carrier first, followed by an inter-cell soft handover. The minor disadvantages of this method are that some capacity must be reserved on the downlink core band carrier for this purpose, and that the hard handover must be timed right to enable soft handover to start at the right time. However, the signalling will not result in any problems, as the hard handover is performed as an intra-cell hard handover, and the soft handover is an ordinary soft handover.

Using this method, it is not relevant whether the two Node Bs (one in each cell) involved are connected to the same RNC or not, as the handover between cells is done using an ordinary soft handover. 

The solutions presented for dealing with handovers involve either use of current specifications or changes in signalling message contents. Given the timescales involved, these modifications could easily be implemented by the time the 2.5 GHz band will become available.

Common channels

The BCH, SCH and CPICH are all necessary on every downlink carrier. As far as having the PCH and FACH on each downlink carrier is concerned, the advantages (connection setup and RACH/FACH packet data on all carriers) outweigh the disadvantages (complexity of common channels sharing one uplink channel). It is therefore recommended to have all common channels on all downlink carriers.

The current specifications assume that the RACH is on a carrier with a fixed duplex separation from the carrier with the BCH. The System Information transmitted on the BCH would have to be modified to include the frequency of the carrier with the RACH, as otherwise the correct frequency to access the RACH would not be known.

A.6 
References

[1]
“Universal Mobile Telecommunications System (UMTS); Selection procedures for the choice of radio transmission technologies of the UMTS”, TR 101 112 V3.1.0 (1997-11), UMTS30.03 version 3.1.0

[2] 
3GPP TS 25.331 V3.6.0 (2001-03), “3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; RRC Protocol Specification (Release 1999)”, section 10.3.6.36

[3] 
3GPP TS 25.101 V3.6.0 (2001-03), “3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; UE Radio Transmission and Reception (FDD) (Release 1999)”, section 5.4.3







_1052744564.unknown

_1052744580.unknown

_1052652391.unknown

_1052653654.unknown

