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1. Introduction

One of the main issues in deciding requirements for base station classes is the actual definition of classes, i.e. what is the criteria used to divide base stations into different classes.  In this document we consider what should be considered when the criteria is selected.  All the comments and proposals in this document apply both to FDD and TDD.  However, there might be some additional issues on TDD performance due to nature of TDD and co-existence with FDD that are not fully covered in this document.

2. Target for classification

In the end, the base station radio requirements (TS25.104 and TS25.105) should allow efficient use of resources i.e. spectrum, radio equipment and cell sites.  For efficient use of spectrum the interference levels must be kept low as possible, within the used band and on adjacent bands, both on uplink and downlink.  Radio equipment should be low cost and small size but at the same time have high capacity.  Radio  requirements should allow flexible network planning to take most out of existing sites.  As always, some of these targets are contradictory. Primary target for base station classification should be to find out right balance between these targets.

As a secondary target, the specification should be kept simple and clear.  This can be achieved if the required changes are carefully planned and implemented.  The chosen criteria for classification will mainly determine how simple and clear the changes will be.  Therefore, the criteria should be considered carefully before jumping into detailed requirements.

3. BS type as criteria

Different base station types have been usually named according to the use scenarios.  Base stations have been divided into macro, micro and pico, reflecting the coverage area of the cell.  In addition, we could have e.g. high, medium and low capacity base station for all cell sizes.  Also, we could look at the radio propagation environment, for example office, urban and rural environments.  

It would be oversimplifying to say pico cells are always high capacity and used in an office and macro cells low capacity used in rural environment.  Macro cells can be used for indoor coverage and pico cells can be used outdoors – plenty of other variations can be easily found.  All this means that it would be difficult to define base station classes separately for each use scenario or BS type.  RAN4 started by defining requirements for 'general purpose' base station, based on outdoor macro and micro environments.  A logical step would be to define class for indoor pico.  Unfortunately, it might not stop there.  We would need indoor micro, maybe outdoor macro and micro need to be separated and so on. It might easily lead to several classes being defined or the ones defined may be restrictive both for network planning and base station design.

One problem with the traditional macro, micro and pico classification is what criteria to use to separate classes.  In some cases, output power has been used as a criteria.  However, for WCDMA, cell radius is determined by the power allocated to common channels i.e. it is not directly related to the maximum total output power.  Defining a maximum limit for output power will lead to other problems. Too low limit for output power will restrict network planning, too high limit will easily lead to tough interference requirements and restrict product design even for lower power products.

4. Coupling loss as criteria

To overcome the problems with traditional classification, we carefully examined the key characteristics of different radio environments and their effect to system performance.   In our opinion, coupling loss (CL) between BS and UE is the key character when defining  the radio environment.

High-CL is typically found in outdoor macro and outdoor micro environments, where the BS antennas are located in masts, roof tops or high above streets.

Low-CL is typically found indoors (offices, subway stations etc) where antennas are located on the ceilings or walls or possibly built-in in the BS on the wall.  Low-CL can also be found outdoors on hot spot areas like market places, high street or railway station.

5. Proposal

Coupling loss between BS and UE is used as criteria for classification.  

Two classes are defined: high-CL class and low-CL class.  Existing requirements are used, as they are, for the high-CL class.  New requirements are set for the low-CL class.

Some of the existing requirements may not be optimal for low-CL situation.  Some of the requirements may be too stringent, some do not guarantee good system performance.  Therefore at least the following requirements should be reconsidered:

· selectivity

· blocking

· sensitivity

· performance in multipath conditions

· frequency accuracy

· ACLR

· maximum output power

Both typical coupling loss and minimum coupling loss should be taken into account when new requirements for low-CL class are defined.

Low-CL cells can possibly have high interference levels on the adjacent uplink channels.  This interference may come from other operator terminals, possibly even connected to an outdoor cell, transmitting at relatively high power at low coupling loss distance from the BS receiver.  Therefore the current selectivity and blocking requirements should be reconsidered for low-CL class, and if necessary, should be set tighter than is for high-CL class.

Low-CL cell is in many cases affected by high interference on own uplink channel.   This means that the very high sensitivity required from high-CL base station can not be fully used.  Instead, sensitivity requirement could be relaxed for low-CL base station.  This relaxation could also be used in BS design to ease the implementation of tighter selectivity and blocking requirements.

Low-CL cells typically have short delay spread in uplink.  This holds both for indoor pico and micro cells, but also outdoor pico cells.  For indoor it is due to scattering and relatively high attenuation, for outdoor mainly due to relatively low path loss even from cell edge and therefore low UE transmit powers.  Some of the performance requirements for demodulation in multipath fading environment could be relaxed or possibly case 2, for which the max delay spread is up to 20(s, could be left out from low-CL requirements.

UE's are designed to tolerate high doppler shift due to high vehicle speeds.  In low-CL cells UE's are usually stationary or slowly moving (pedestrian) and therefore do not experience high doppler shift.  This, together with short delay spread in low-CL cells, can be taken into account in the frequency accuracy requirement, which possibly can be relaxed from the existing requirement.  If the requirement is relaxed, it should not set any additional requirements on UE specifications or on UE implementation.

Low BS to UE coupling loss will also lead to increased interference experienced by close-by adjacent channel terminals.  Therefore the ACLR requirement for low-CL class need to be reconsidered.  Existing ACLR requirement is set as relative requirement, mainly because very high implementation complexity on high output powers.  However, BS output powers on low-CL cells will be considerably lower than those on high-CL cells,  Also, there possibly is a need to have base stations with different output powers for flexible network planning, even within the low-CL class (e.g. micro, pico).  Taking this into account it is proposed that the ACLR requirement is set as an absolute requirement.  If the absolute value for low-CL class is correctly selected in relation to the relative value for high-CL class, it will also ensure that it will be easier to design an attractive low output power product for low-CL class, and vice versa.

It should be carefully considered is it necessary to define maximum output power limit for low-CL class.  If ACLR and other interference limits are set as absolute values, it is not necessary to state the maximum allowed output power in 25.104/25.105 or even in 25.942 for simulation work.  

On the other hand, there are limits that the base station manufacturers must take into account.  One such requirement is the maximum UE input power (-25dBm both for FDD and TDD).  However, this requirement should  not be used to set maximum limit in the specifications.  This is because to allow practical measurements the reference point is typically set to be the antenna connector of BS.  Taking into account the variety of possible antenna systems used indoors (leaky cables, distributed antennas etc.), it is difficult to directly relate the output power at the antenna connector and the radiated power close to the antenna.  This must be taken into account in BS design, but maximum output power should be left for manufacturers to decide.

In addition, regulatory authorities may have some regional requirements which limit the radiated power.  Additionally, there may be some health related regulations that limit the exposure of the public to harmful radiation.  These issues are handled outside 3GPP and should not be used to set requirements in 25.104/25.105.

Nokia opinion is that there should be no maximum output power limit for either class in 25.104/25.105.

If preferred, high-CL class could also be called "wide area class", as existing requirements are derived using outdoor macro and micro scenarios.  Equally, low-CL class could be called "local area class".

6. Consequences of misuse

Together with setting the criteria we should consider what are the possible consequences of using a BS outside of the limits defined by the selected criteria.   As long as there is not significant impact on an uncoordinated network, it is left to the operator to decide whether to use a low- or high-CL BS.

6.1
Low-CL class BS being used in a high-CL cell

ACLR and spurious emission requirements should be selected so that the absolute interference levels from a low-CL class BS are equal or lower than from high-CL class BS, at least for relatively high output powers. In this case, the low-CL BS would not cause additional interference compared to a high-CL BS.

On low-CL BS receiver side, sensitivity, multipath performance and frequency accuracy are possibly relaxed.  These would result in lower performance in large cells.  However, it would be up to network planning and the operator to consider if the performance degradation is significant.

6.2 High-CL class BS being used in low-CL cell

Low BS to UE coupling loss and ACLR performance of the high-CL BS will lead to relatively high interference levels for close-by terminals on the downlink adjacent channels.  This is of concern especially if the adjacent channel is of another operator.  However, low coupling loss will also lead to relatively high interference on uplink.  This is due to ACLR performance and possibly high output power of adjacent channel UE.  Together with selectivity and blocking performance of high-CL class BS will likely cause BS blocking problems.   In other words, all parties will suffer performance degradation.

However, this scenario will occur regardless of whether or not new BS classes are defined.  It is impossible to prevent this scenario through standardisation without severely tightening the 'general purpose' BS ACLR requirements.  This is considered impractical.  Since all parties suffer from misuse of high-CL BS, and in particular the owner of such BS due to high probability of blocking, it may be better to allow operators prevent the scenario from occurring.

7. Conclusions

This document presents Nokia view on what criteria should be used to define base station classes.  It also considers what requirements are affected by introduction of a new class.  

In short, the main points of Nokia proposals are

· coupling loss between BS and UE is used as a criteria for classification

· two classes are defined: one for high-CL and one for low-CL environment

· output power is not limited for either class

· existing requirements apply for high-CL class

· ACLR requirement for low-CL class is set as an absolute value

· at least selectivity, blocking, sensitivity, performance in multipath and frequency accuracy are reconsidered for low-CL environment







