3GPP TSG RAN WG4#36
R4-050621
London, United Kingdom
29 August – 2 September 2005

Agenda Item:

7.1
Source:

Motorola

Title:
Proposal of methodology for studying coexistence scenarios involving EUTRA

Document for:
Discussion
1 Introduction

Realizing the need for UMTS to meet future demand and to maintain its competitive position in the future, a 3GPP RAN workshop on Long Term Evolution of UMTS was organized on 2-3 November 2004 [1] during which RAN performance targets for the Enhanced UTRA (EUTRA) system concept were agreed upon. As a consequence a Study Item on Evolved UTRA and UTRAN was agreed in RAN#26 on 8-10 December 2004 [2].
In order to enable the coexistence of EUTRA systems with GSM/GPRS/EDGE systems, UMTS systems, or other EUTRA systems, it will be necessary to conduct coexistence studies so as to derive EUTRA RF requirements, such as out-of-band emissions requirements, blocking characteristics or intermodulation rejection.

As stressed in [3], it is therefore necessary to define a methodology and parameters for modeling EUTRA systems and for evaluating coexistence issues related to the introduction of EUTRA.
In this document, a high-level description of a methodology is proposed. Focus is given to conversational services, such as voice or videoconference.
2 Monte Carlo methodology

Statistical methodologies are well adapted for evaluating system capacities for circuit services. A user engaged in a voice or videoconference conversation can only find itself in two situations: he is in outage or he is not in outage, and thus statistically-based snapshots can readily account for this, by simply counting the number of users in outage, and the number of users not in outage.
However, in the case of packet service, a user accessing the web for instance should not be considered in outage if the packet he is waiting for is interfered with, since this packet can be re-transmitted, contrarily to circuit service. Therefore, it is not possible in a snapshot to determine if a particular user is in outage, or if he is going to correctly receive his packet some time in the future. As a consequence, statistical methodologies may not be adapted for evaluating system capacities for pure packet-based services, such as web or FTP.
On the other hand, statistical methodologies could be appropriate for packet-based conversational-type services such as voice or videoconferencing over IP. For such services, packets interfered are not retransmitted, and so packets are either well received or discarded/lost. As such, it is possible in a snapshot to determine the instantaneous capacity of a network, by counting the number of users that have correctly received the packet they were waiting for. Of course, contrarily to circuit services, a user which does not receive correctly a packet will not lose his connection, and thus the instantaneous capacity averaged over a high number of snapshots will not give the number of users that can be served at the same time by the network as for circuit services, but rather the number of users that can correctly receive their voice or videonconference packets at the same time.
Since the purpose of defining a methodology is to study the coexistence between EUTRA systems and 2G, 3G or EUTRA systems, the absolute capacity is not what is to be looked for, but rather it is the capacity loss that is important, in other words the impact of one system onto another. When looking at EUTRA as the victim system, knowing the number of EUTRA users that can correctly receive their voice or videoconference packets at the same time, without interference and in presence of interference, would give an idea of the impact of interference onto EUTRA systems. 
At the same time, when considering EUTRA as the interfering system, an EUTRA system for instance loaded with as many users such that 95 % of these users can correctly receive their voice or videoconference packets at the same time is therefore close to its full capacity, and thus incurs maximum interference impact onto the victim 2G, 3G, or EUTRA system.
As a consequence, it is proposed to use the statistical Monte Carlo methodology to study coexistence issues related to the introduction of EUTRA. Such methodology has already been used for defining UTRA RF requirements [4], and is therefore well understood by all 3GPP RAN WG4 participants which have developed Monte Carlo based simulators. Such simulators could be reused if the statistical Monte Carlo methodology is the methodology chosen for coexistence issues involving EUTRA.

3 High-level description of the methodology proposed

In the following, a high-level description of the methodology proposed to model and evaluate EUTRA system capacity is given. Many aspects are not addressed here and would need to be addressed in the future, the goal being to first propose a high-level methodology, details being for further study.
3.1 For each snapshot: distribution of users

In a first step, users are distributed in the network. It is assumed all users are using the same service, for instance Voice or Videoconference over IP.
3.2 For each snapshot: allocation of users to Base Stations

Path losses from each user to each base station are evaluated in order to determine, for each user, the base station(s) assigned, hard or soft handover being possible.
3.3 For each snapshot: evaluation of signal strengths and C/I ratios
Desired and interfering signal strengths are evaluated for each user, based on transmit power, antenna gains, filtering characteristics, frequency separation… As a first assumption, transmit power can be the maximum transmit power, however, as will be seen in the following, such transmit power will be adjusted according to the Link Adaptation and Power Control loops.
3.4 For each snapshot: power control loop

As a first assumption, it is assumed that all users are operating in the highest Modulation and Coding Scheme (MCS) mode, corresponding to the highest target C/I ratio.

The equation below is an example of how the power of each device could be adjusted, through an iterative process [4]: 
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Once each link has seen its transmit power updated, the desired and interfering received signal strengths are recalculated for all links, and the same transmit power control update is applied again to all links, and so on until the system reaches a steady state.

3.5 For each snapshot: link adaptation loop

Since all users are using the same service, they all have same throughput. For each user, the algorithm envisaged attempts to set the highest MCS mode possible (highest Modulation and Coding Scheme possible and lowest number of sub-carriers used, in order to achieve the throughput necessary for transmitting the service). 

For each user, if the Power Control algorithm does not enable the C/I ratio of that particular user to reach the target C/I ratio of the mode selected, then a lower mode is selected and a lower C/I target ratio is selected. 
When all users have seen their target C/I ratio eventually updated if necessary, the desired and interfering received signal strengths are recalculated for all links, and the power control loop is re-run. When the system reaches a steady state, i.e. when the power control loop converges, the target C/I ratio of all users is eventually adjusted by lowering the MCS mode, and so on until the lowest MCS mode is reached. 

A user which does not reach the target C/I ratio even in the lowest of the modes is assumed to be in outage.

A user can also be in outage when its desired received signal strength from its own base station is below sensitivity for the lowest of the MCS modes.

In order to achieve the same throughput, a user in a higher mode will use less carriers/sub-carriers than a user in a lower mode and will thus leave more resources available for other users.

Therefore, outage also occurs when a user does not have enough carriers/sub-carriers to transmit, and so it is also necessary at the end of the Link Adaptation loop to evaluate the number of carriers/sub-carriers available and see which users will not be able to be granted the appropriate number of carriers/sub-carriers. Carriers/sub-carriers can be granted on a first come first served basis, by allocating them to the users according to their numbering: user #1 will be granted its carriers/sub-carriers first, user#2 will come second… Or, any other allocation method could be used. For instance, it could be decided that the carriers/sub-carriers are allocated first to the users operating in the highest MCS mode, then to the users in the second MCS mode…
3.6 For each snapshot: evaluation of system outage

As explained above, a user is experiencing outage if:

· The user is not available, i.e. the signal strength is not sufficient for the sensitivity of the receiver, even in the lowest of the MCS modes. This happens when the mobile user is too far away from the base station. 

· The user is interfered, i.e. sensitivity requirement is met but C/I ratio is below the required C/I ratio, even in the lowest of the MCS modes.

· The user has not been granted enough sub-carriers. 

3.7 Evaluation of instantaneous system capacity

When a sufficient number of snapshots have been run, the system outage can be evaluated over all snapshots with a high degree of confidence. 

Instantaneous system capacity could correspond for instance to the case where 5 % of the users are in outage. Therefore, in order to obtain the instantaneous system capacity, simulations are re-run by adjusting the number of users each time until obtaining the number of users for which 5 % of them are in outage.
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