1

3GPP TSG RAN WG4 #42bis






R4-070456
Sophia Antipolis, France, 2nd – 4th April 2007
Source:
Vodafone Group

Title:
Home eNodeB considerations for LTE
Agenda Item:
6.4.1
Document for:
Discussion
1.
Introduction

In [1], [2], and [3] a joint operator contribution was provided on LTE Home eNodeB requirements. The aim of this contribution is to provide some more details on these requirements with an indication of how this may impact work in RAN WG4. 
2.
Deployment and interference scenarios
The Home eNodeB may be considered different to existing BS scenarios that have been looked at by RAN WG4 in the sense that the operator does not have responsibility for deployment (as these products are intended to be deployed by the subscriber) and hence there needs to be careful consideration of both the impact to the rest of the operator’s network, and how home eNodeBs will co-exist with each other. It is also important to understand what specific requirements there would need to be for the different modes of operation (FDD or TDD) would used by the system.
2.1
Can the existing Local Area BS scenario be re-used?

In terms of interference scenarios, probably the first question to answer is whether the home BS deployment is likely to in the end be any different to that of a Local Area (LA) BS deployment. 
Minimum Coupling Loss

For LA BS the BS-UE MCL = 45dB. This corresponds to a LOS distance of 2.21 metres assuming free space pathloss, no additional penetration losses, and 0dB antenna gain. It may be difficult to envisage why this should really be any less for the home cell UE, particularly for the case where an adjacent channel UE is making a call in the vicinity of the Home eNode B. However this needs further input.
The BS – BS MCL for LA BS is 45dB. Both for single operator and within a single operator, it is difficult to envisage why two subscribers in the same building would put two home BSs less than 2 metres away from each other (and this could additionally be prevented by the operator advising against this). In the case of adjoining offices (on different floors/rooms) there is likely to be some level of penetration loss through the wall, so in that sense, this would reduce the minimum distance further. However typical wall/ceiling losses should be considered further to understand how much this can be reduced.
Carrier sharing with macro coverage

Another aspect is that operators are considering whether the home cell can re-use the same spectrum as macro coverage (at least for UMTS home cell this is the case) – scenario A below. This seems to be different to the considerations in [4].

Packet-based network

The home cell is intended to provide high throughputs to the user, exceeding those provided by existing technologies. However at the same time a single eNodeB would cover a subscriber’s “home”. Of course this is subjective to the building layout and accommodation type. However this would suggest that the output power of the home eNodeB (as well as the UE camped on the Home eNodeB) would be as high as possible whilst minimising interference to other Home eNodeBs and to other cells deployed by the “serving” operator, as well as conforming to any related regulatory requirements. However a maximum output power of more than the 24dBm used for the UMTS LA BS seems to be unlikely.
2.2
Interference scenarios

In order to understand some of the interference issues further, the following gives an overview of how the co-existence impacts may differ from today’s macro vs. macro scenarios for LTE, and considers both home cell v macro cell co-existence and home cell v home cell co-existence, as well as both FDD and TDD systems.

The main co-existence scenarios considered are:

A) Aggressor uses same spectrum as victim.

B) Aggressor uses different spectrum to victim.

1)
Generic cases (TDD-only)
i) UE UL –UE DL
In the TDD scenario, network synchronisation is typically needed to avoid UE-UE interference. For scenario A, this requirement would seem to be even stronger in order to avoid such problems. Probably RAN WG4 should highlight the problem, and RAN WG3 should understand what would be the possible synchronisation solutions.
For scenario B, the TDD UE-UE interference issue would be similar to that for other known LTE BS deployment scenarios between un-coordinated networks. 
For FDD, problems would only apply across bands so this would seem to be generic to all BS types.

ii) BS DL - BS UL

Again, this is an issue for TDD in scenario A if synchronisation and some MCL between neighbouring Home eNodeBs cannot be guaranteed. It is probably for RAN WG4 to estimate the magnitude of the problem if synchronisation were not guaranteed, and for other all WGs to identify solutions to maximise the level of service in this scenario.

Way forward: Whilst highlighted for the home cell case, this is an issue generic to all deployment scenarios for TDD. Hence it should be considered further also in existing LTE simulation work for TDD co-existence.
2)
Home <> Macro (common for FDD and TDD)
i) Home BS -> Macro UE downlink
For scenario B it may not be any more of a problem than the LTE LA BS deployment scenario if the Home eNodeB has LA BS MCL considerations. However for scenario A it would be a new issue.
ii) Home UE –> Macro BS uplink
LTE un-coordinated macro studies should cover this case for scenario B. However it is a new issue to consider for scenario A.
iii) Macro BS –> Home UE downlink
For scenario B this is no more of an issue than LTE un-coordinated macro-BS to macro UE. This would seem to be a new issue for scenario A only.
iv) Macro UE –> Home BS uplink
This may be no more of an issue than the LA BS deployment scenario for a scenario B home BS deployment with LA BS MCL considerations. This would be a new issue for scenario A.
3)
Home <> Home (Scenario A to be considered the normal case – common for FDD and TDD)
i) BS – UE downlink; ii) and UE-BS uplink
For both scenarios A and B, assuming LA BS – BS MCL, there do not seem to be additional issues. 

Way forward: Clearly the ability to re-use LA BS assumptions will impact how much existing simulation layouts can be re-used for home BS deployment scenario B, and operators should confirm what the assumptions should be for the next RAN4 meeting in Kobe.
2.1.3
Actual deployment scenarios

The intention of the home eNode B is that the subscriber does not need to buy more than one of them to provide coverage to his/her “home”. However of course what this means is somewhat subjective to the type of accommodation or office. 
Way forward: If it is agreed by RAN4 to do some system simulation studies to understand the interference impacts between BSs, then operators will need to agree on example realistic deployment scenarios for the next RAN WG4 meeting in Kobe.
3.
Use of self-optimisation to solve some of the potential interference issues
Due to the fact that the Home BS is likely to be deployed by the subscriber, it seems difficult for the operator to be able to pre-configure the home BS such that it will accurately minimise interference to other BSs to suit the deployment location. Of course the operator may be able to get location information about the home BS deployment position. But given that we are considering indoor deployments, location information may be difficult to guarantee, and it may also be difficult to estimate the level of interference that the home BS could practically cause to other home BSs and other macro deployments by the same operator. 

Therefore it would seem useful to enable more intelligence in the BS such that it can identify the radio environment that it finds itself in once it has been deployed, such that it can actively attempt to configure its cell resources to minimise impacts to the operator-deployed cells, and to avoid interference interactions with other home cells in its vicinity (which would generally lead to a domino effect of increasing the overall interference in the system). Such a requirement was suggested in [1] when it was stated that the Node B should be able to adapt its configuration to suit the radio environment.
One obvious example here is where the Node B somehow identifies (either by measuring the downlink itself, or by requesting UEs to measure the downlink and report back) that by transmitting at power level of X dBm it would cause problems for downlink coverage of a co-existing macro cell, and therefore adjusts its power accordingly. 

On the other hand, in order to maximise system capacity and throughputs in the uplink, the Node B could decide to schedule its users to transmit on those resource blocks that experience the lowest other cell/channel interference. 
It should be noted here that the performance of such mechanisms in the end would seem to be dependent on the Node B scheduler design, and for these reasons it is does not seem appropriate to rely on the use of these mechanisms when setting RF requirements for the adjacent channel/operator scenario, but instead such mechanisms should be specified for allowing operators to avoid any same-channel or adjacent channel interference between LTE carriers that form part of their own network. 
Way forward: It is requested that RAN4 identifies and advises other RAN working groups on what Node B and UE measurements would be useful to allow interference avoidance between adjacent cells and carriers for LTE Home BS deployments. However due to the performance of such mechanisms being somehow implementation-dependent, such mechanisms should not be relied upon when considering adjacent channel interference scenarios between different operators.

4.
Mobility measurements

Clearly the subscriber would like to be able to get service from cells of its Home eNodeB when it is within coverage of this eNodeB, and therefore there is a requirement that the UE can do this as soon as possible when it is within coverage. 

In order to find the Home eNodeB when it is on a different carrier to the macro-cellular coverage, the UE would need to search for the home BS in order to camp on it when it finds coverage. In this scenario it is unlikely that “home” n_cell lists would be provided by the macro network, as this list could be quite huge and cause quite a high overhead. 

Way forward: UE manufacturers should discuss further whether this is likely to cause significant drain on the UE battery, and whether mechanisms should be found to optimise this search process. 
5.
Conclusions

RAN WG4 should discuss the issues raised in this document further, such that a framework to progress the analysis within the LTE work item can be identified.
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