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1 Background
The propagation models used for evaluating radio performance in RAN4 were well established by December 1999 and since that time only minor modifications have been made including RAN#6 (CR1, 16, 18), RAN#7 (CR 23, 30, 38), RAN#9 (CR 52), RAN#11 (CR 58, 59, 63), RAN#12 (CR 72, 75). At RAN#18 in September 2002 basestation classes for wide, medium and local areas were introduced, these correspond to macrocells, microcells and picocells (21.905).  New output power, sensitivity and blocking characteristics appropriate for the different classes were specified[2].  
The new specification determined in [2] where based on coexistence simulations derived from [1].  Consequently, the defining property used for cell classification is the minimum coupling loss expected for each class of cell.  This approach is appropriate for wide and medium area basestation classes, since these classes are simply high and medium power versions of the original general basestation class.  However, the local area basestation class could benefit from further changes in the specification, as identified in [4].

No further changes to the local basestation are possible until consensus is reached on the uses of a local basestation.  This paper proposes a break down of possible scenarios that involve the local basestation.  The purpose is to find a set of scenarios that can be considered exhaustive.  At the same time, the list should be manageable to facilitate discussions.
The intent of this paper is to initiate a debate on the issues; the next step is to develop a consensus and ultimately to draft CRs to 25.104 and 25.141.

Motivation; potential scope of changes
If the frequency accuracy and propagation models are not appropriate for the deployment:

1) Performance values will not be representative of field.  Thus, use of performance values as a basis for service planning is questionable.

2) Extra implementation complexity may be imposed on the radio.

3) Unnecessary tests are imposed on the radio

This issue applies equally for FDD and TDD technologies and also with respect to the baseline assumptions for LTE.

Assuming a similar argument as used in [1] the potential for change in frequency accuracy is as follows.
Assuming an average user speed of 3 km/h is sufficient to characterise a small indoor cell.  Allow a peak speed of 10 km/h.  This is equivalent to

[Doppler shift, Hz]
 = [UE velocity, km/h] * [Carrier frequency, Hz] / [speed of light, km/h]


=  10 * (2.1 * 10^9 * 1000) / (3 *10^8 * 3600)


= 19.4 Hz

Therefore, the worst case frequency reference error could be permitted at:


= currently supported total error (250 km/h @ 0.5 ppm) – local BTS max Doppler Shift


= 591 Hz – 19.4 Hz


= 571.6 Hz
corresponding to .272 ppm

Scenarios will be examined in more detail; this preamble is merely intended to illustrated the potential for adjustment with respect to the current specifications.
2 Proposal for identifying Operational Scenarios/ Use cases.

1. Make a list of all possible environments.  Classify different cell types incorporating:

· size, 
· deployment (e.g. HCS, private deployments, capacity enhancements), 
· RAT, 
· frequency band, 
· duplex mode (we start with FDD only).
This classification is always going to be subjective and somewhat arbitrary; nevertheless we have attempted a classification that is exhaustive while maintaining a manageable overview and offering a clear distinction between cell types.

2. Generate a matrix of all possible coexistence scenarios for the different cell types.   By identifying a source and target, all handover directions are addressed.  The scenarios where source and target are identical represent inter-frequency, inter-cell as well as any non-handover use cases within a cell type. 

3. In each coexistence scenario, identify a set of unique use cases (if any) of valid transition from the source cell type to the target.  Factors that differentiate use cases are:

· UE capability (single vs. dual radio), supported service (PS only, CS, broadcast), 

· User permissions (private network, PLMN handover)
· We assume that the majority of handover drivers do not need to be considered (load balancing, best radio conditions); it is only important whether the user may make the transition, not necessarily the reason why.
4. Identify the extreme use cases with respect to the cell/environment specific requirements for each type.
First identify the technologically independent properties of a cell type.  Key properties are user speeds and delay spread.  

Ultimately, these parameters can be translated into specifications and test procedures, e.g. frequency accuracy and suitable test models.  Such specification will be technology dependent; therefore this step will not be immediately possible for LTE.
3 Results of Operational Scenario Identification

Break down the unmanageably large range in deployment scenarios into manageable groups; achieve consensus on one group at a time.

3.1 Coexistance Scenarios:  Selection of Cell Types

Define groups based on basestation class and RAT.

Characterise deployment using the following three types:
Mobility Enhancement / HCS (HCS)
Hierarchical cell structure.  Coverage areas overlap. However, the deployment is very well planned and co-ordinated with different cells targeting specific user speeds.  

Capacity Enhancement / Co-sited (Co-S)
Co-sited deployments. Additional cells are added to increase cell capacity.  Mobility is not necessarily a driver when locating cell sites.

Coverage Enhancement.  (Cov.)
e.g. Repeater, coverage booster, consumer equipment.  This represents a degree of loss of control over the coverage area.  Rigorous planning is not necessarily possible and/or desirable.  Due to relaxed deployment it is possible for the coverage area to encompass users that may not be part of the target audience.
The spreadsheet at the end of this document illustrates the matrix of coexistence scenarios.

3.2 Operation Scenarios/ Use Cases

Our proposal is that the default setting is applicable to all cases, shown highlighted in yellow (lightest shading).  The default setting is a maximum user speed of 50km/h (see note B below), and delay spread of less than 1 micro-seconds.

Additional notes are indicated by the following letters, as marked in the spreadsheet:

A) Maximum internal user speeds

Future uses:  For user movement to be contained within a 50m radius, it is reasonable to expect a user to be limited to pedestrian speeds.  That assumes a user with complete freedom of movement, i.e. a person.  However, should wireless devices be attached to machinery: e.g. wireless control or download to moveable components of an assembly line or manufacturing equipment -- then much higher speeds are possible.  

We are proposing that this is a rare case.  50 km/h is almost certainly sufficient to describe this scenario.  If not, a medium area BTS class may have to be deployed.
Movement of Reflectors: Movement may also be a result of movement of reflectors.  Effect will be transitory, and the speed of the reflectors will be comparable to that of the users. External reflections will be too distant (relative to the small local area cell) and therefore too attenuated to contribute to overall performance.  
We propose that this effect does not increase the user speed limit.
B)  High speed users handing into a cell.  Considering the geometry of a pico-cell, the following argument could be made. Assuming a picocell has a radius less than 50m, the following analysis characterised the limits involving hand in and hand out of a picocell: 

The max acceleration for a public transport system is +/-1.3 m/s2 [4], the maximum speed that can be gained from travelling from one end of a picocell to the other (100 m) is 16m/s (58 km/h).  Or alternatively, if the user is going to hand into a cell (i.e. become stationary within its boundaries) the maximum entry velocity is 16m/s.   Even an emergency stopping deceleration of 3 m/s2 equates to a maximum entry velocity of 24 m/s.  A vehicle travelling through at higher speeds will only remain within the boundaries of a cell for a few seconds; not enough time to complete a handover.  Certainly a vehicle travelling quickly will not spend much time in the handover region of a cell.  
We propose a limit of 50 km/h, which almost covers the maximum speed at the cell edge under normal conditions.
By the same argument, very narrow cells that are designed for high speed users (along motorways, train lines, tunnels) are not appropriately classified as local area basestations.  Such cells require higher power levels, and are extended in at least one direction to ensure high speed users spend at least some time within the cell. 

We propose pico-cells are not appropriate for tunnels and train line coverage.

C)  Coverage area may extend to undesired users.  Conceivably, a user may enter an area dominated by the power of a small cell (coverage hole).  Other mechanism are required to block access to users when the coverage area is ambiguous.  However, this is beyond to scope of the conformance specifications.
D)  Coverage area may inadvertently extend to high speed users.  Just because a user may reach a high speed inside a cell does not mean it is desirable to support such a user.  In fact, by not targeting such a user, handover to the appropriate cell is encouraged.

3.3 Changes to Conformance Specification.

Recommendation is that user speeds shall be limited to 50 km/h in a local cell.  The delay spread shall be less than 1 micro-seconds. The frequency accuracy for a UTRA local cell may be increased by:

= currently supported total error (250 km/h @ 0.5 ppm, 2.1 GHz) – local BTS max Doppler Shift


= 591 Hz – 97 Hz


= 493 Hz


= .234 ppm @ 2.1 GHz.
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Appendix A:  Future work

Coexistence and operation scenario for LTE are TBD:
Some consideration when determining scenarios

· LTE shall be low latency

· LTE shall be low complexity
(Places constraints on what measurements are feasible, hence what handover can be realistically supported)
· LTE to GSM handover has priority over the opposite direction.[5]

Recommendation for E-UTRA, TBD.
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