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1. RRM Measurements on a UE with multiple antenna connectors
When investigating suitability of RRM measurements for switching decisions in the “dynamic receiver reconfiguration” study item, we started to consider the way in which measurements are made on a WCDMA UE with multiple antenna connectors, especially in the case that the UE could sometimes be receiving with a single antenna and at other times with multiple antennae.
We believe that one important property of RRM measurements in WCDMA is that they are largely independent of the receiver architecture in the UE. For example, a UE which has a receiver performing better than the minimum performance requirements in TS25.101 would still be expected to report the same absolute RSSI, CPICH Ec/Io and CPICH RSCP as a UE which only just meets the minimum performance requirements, given the same RF input signal. When enhanced performance requirements are taken into account we believe that the approach should generally be the same, namely that the measurements in a particular location are relatively independent of the receiver architecture that is used to receive them. This is necessary, so that network operators can tune the various parameters associated with mobility on different UEs with a confidence that they behave consistently in respect to measurements. This allows a “UE black box” approach to the optimisation of mobility, where it is not necessary to know the internal architecture of a terminal in order to understand what measurements it would be likely to report. 
From a requirements perspective, there is no mandate that multiple receivers need to be implemented to fulfil the type 1 (or type 3) enhanced performance requirements, and as a result we believe we should also be careful not to create a difference in measurements between UEs which have 1RX and UEs which have 2RX in identical field conditions. Additionally, this property of RRM measurements would be particularly beneficial when we consider a UE which might dynamically reconfigure its receiver (in any way), since the reported RRM measurements would be largely unaffected by the reconfiguration of the UE receiver architecture.
Although such a black box approach may not always be ideal, it represents a compromise between providing some implementation freedom (so that there are only minimum performance requirements for UE receivers) and at the same time making sure that the consistency of measurement reports from UEs is maintained, so that some basis for performing radio resource management is still available. In this respect, the measurements made by the UE can be thought of as being something intrinsic to the received signal at a particular point and time in space, rather than something which is dependent on a particular receiver being present. Of course, the details of the UE receiver architecture will still be relevant to how accurate the measurements are, but they should always be guaranteed to meet the accuracy requirements in 25.133 section 9.

When it comes to the case of UEs with multiple antennae, the situation becomes more complicated, since the measurement is no longer being made at a single point in space. In measurement definitions, the reference point for UE measurements is specified as the UE antenna connector. However, in the case of a UE with multiple antenna connectors, it is not clear exactly what this means. A number of definitions are possible.
1) One of the antenna connectors could be designated as the “primary” antenna connector, and RRM requirements could be applied to the primary antenna connector only, meaning that the UE may take no account of the signal on its “secondary” antenna connector as far as RRM measurements are concerned. In the case of receiver reconfiguration, the designated “primary” antenna may not be completely fixed for all time(for example the UE may decide to switch to 1RX mode on whichever antenna it considers most favourable) but anyway the key point of this definition would be that measurements are based on one antenna only, even when the UE receiver is receiving with both antennae.
2) Measurements could be averaged between the UE antennae. Therefore the RSSI that would be reported by the UE could be the linear average of the power on antenna 1 and antenna 2 in the case of a dual antenna UE. Similarly, Ec/Io could be linearly averaged between the two antennae. RSCP may then be calculated to maintain the expected relationship between RSCP, RSSI and Ec/Io. Due to averaging, such a measurement regime would not be expected to give measurement reports which were different from other (single antenna) UEs.
3) Measurements could be summed between the UE antennae. Therefore the RSSI that would be reported by the UE would be the linear sum of the power on antenna 1 and antenna 2 in the case of a dual antenna UE. Similarly, Ec/Io could be measured independently on each UE antenna connector, and used to calculate a combined  Ec/Io and a combined RSCP. This means in practical terms that measurements of RSSI and RSCP would usually be greater on a UE which is making use 2 (or more) antenna connectors, compared with a UE which is making use of only one antenna connector.
As previously mentioned, Nokia believes that one important characteristic of RRM measurements is that they should be as independent as possible of the receiver architecture used in the UE. For example, if a UE were able to meet enhanced performance requirements type 1 with a single antenna connector, one would expect that it would give very similar measurement reports to a UE which made use of two antenna connectors to meet enhanced performance requirements type 1. For this reason, we feel that option 3) may not be desirable. Either of options 1) or 2) seem feasible, and it could perhaps be a matter for UE implementation which is option used, provided that the existing RRM measurement accuracy requirements in 25.133 section 9 are met. However, it is probably worth noting that Option 1 is likely to suffer in near-static conditions compared to Option 2 as one antenna may be constantly (or at least for a long period of time) in unrepresentative conditions.
We would welcome feedback from other companies in RAN4 on the suitability of the possible measurement regimes when a UE has multiple antenna connectors. This question is particularly relevant when we consider the possibility of switching between single receiver and multiple receiver operation dynamically, but is relevant even to the basic case of a receive diversity enabled UE. Therefore it may be worthwhile to give consideration to clarifying the expected measurements in 3GPP specifications.
2. Impact to TS25.133

As has been noted in the previous section, we believe that the measured RSCP, Ec/Io and RSSI may be broadly similar on UE with dual receivers compared with a single receiver UE. We believe that the basic accuracy requirements are still applicable, and therefore the core measurement performance requirements in TS25.133 section 9 should be equally applicable to the case of a UE with multiple receivers. However, the question arises as to how such a UE should be tested, and changes may therefore be needed in 25.133 annex A.
Depending on which of the options 1)-3) in section 1 is the desired behaviour for a multiple antenna UE, there exist the following test options for 25.133 annex A RRM tests

1) If only one antenna connector on the UE is to be designated the “primary” antenna connector, and RRM requirements are applied to the primary antenna connector, then the situation as far as testing is straightforward. Commercial RRM test systems that are available today can be used without modification with multiple antenna connector UEs, simply by connecting the test system to the designated primary antenna connector). If the dynamic receiver reconfiguration study item results in it being impossible to designate only one of the antennae as the “primary” antenna then it might still be necessary to supply the test signal to both antenna ports.
2) If measurements are averaged between the various antenna connectors, then it seems reasonable also to apply a test signal to both antenna ports on the UE. Most RRM testing is performed in a static AWGN environment, and there are also a small number of tests in 25.133 annex A which use fading channels. If the test signal is fed to multiple antenna connectors on the UE, then there exist various possibilities for whether the AWGN and fading profile are identical on each antenna connector, For example

A) Identical signal is supplied to all UE antenna connectors. Each antenna connector should be supplied with the same downlink power as would be used with a single antenna UE.
B) Signal with identical fading profile but uncorrelated AWGN samples is supplied to each antenna connector

C) Signal with independent fading and uncorrelated AWGN samples is supplied to each antenna connector.

3) If measurements are summed between the various antenna connectors, then it also seems reasonable also to apply a test signal to both antenna ports on the UE. The options for generating dual test signals are the same as in paragraph 2) and the main difference is that the total power of the  test signal should be equally split between each antenna connector, rather than both antenna connectors “seeing” the full power that would have been applied in single antenna connector if a non RX diversity UE.  All of the options A), B) and C) listed in section 2 above could also be applicable in this scenario.
3. Test case applicability

If we define a different RRM test method for UEs with multiple antenna connectors, then it is necessary to consider which test cases this different method is applicable to. For example, if the UE makes use of only one receiver in idle mode then the new test method would clearly not be applicable to tests such as idle reselection test cases. However, nothing in the specifications prevents a UE from using multiple receivers for example in idle mode, and the situation is not exactly clear. The situation as to which test method would be applicable becomes even more complicated, if one considers the possibility that a UE receiver could be reconfigured dynamically. 

One additional benefit of method 2A, 2B, 2C) in section 2 is that RRM requirements can be applied to the test signal on one antenna connector only. Therefore, in case the UE is receiving with one antenna only (for example in idle mode) the test signal on the unused antenna port is simply ignored by the UE and the test case is still applicable. Therefore, for test methods 2A), 2B) and 2C, the system simulator does not need to have knowledge of the testcases in which the UE is making use of multiple antennae. 
Test methods which are applicable to methods 2A, 2B or 2C are also applicable in the case of method 1, so although dual test signals are not required to be provided to the UE (assuming that one designated “primary” antenna connector on which the measurements are made), it also should do no harm to provide a signal on the antenna port which is unused as far as measurements are concerned. Moreover, this has the benefit that if the techniques of the receiver reconfiguration study item result in the “primary” antenna connector not being fixed but varying with time then the test methods from 2A, 2B and 2C are still applicable. 
Since at least some of the decisions regarding when to make use of a diversity path in the UE are left to the UE manufacturer (for example in idle mode), we believe that if method 3A, 3B or 3C is selected the applicability of  the RX diversity test method may also need to be left to the UE manufacturer The UE manufacturer is best able to analyse and declare whether a particular test case makes use of input signals from multiple antenna ports. If  the test case does make use of multiple antenna ports, then the multiple antenna port RRM test method should be used., otherwise the single antenna test method is used. However, we note that in the case of a UE that performs dynamic receiver reconfiguration, such a declaration cannot typically be made by the UE manufacturer, especially if the test environment is fading.
4. Conclusions
In this discussion paper, we have presented Nokia understanding of how RSCP, Ec/Io and RSSI could be measured by a multiple antenna UE. Based on these assumptions, we have also outlined several possible test methods for testing the RRM performance on a UE which has multiple antenna connections. Our initial analysis indicates that it may be desirable to have UE measurement reports based on average RSSI and Ec/Io (and correspondingly defined RSCP) since we believe that measurement reports should be as independent as possible of the particular receiver architecture that a UE manufacturer has selected to obtain type 1 (or type 3) enhanced performance. Additionally, it give  consistency between the measurements that the UE makes in modes where enhanced performance requirements type 1are not defined (eg cell_FACH) and modes where the UE is supporting enhanced performance requirements with multiple antennae. If the study item on “Dynamically reconfiguring a FDD UE receiver to reduce power consumption when desired Quality of Service is met” results in such techniques becoming applied to WCDMA handsets, the fact that measurements are consistent in magnitude between the UE measuring on one antenna and the UE measuring on multiple antennae may be of even more importance
Given this assumption, there are a number of different test methods which could be applied to RRM testcases when faced with the problem of testing a UE with multiple antenna ports. We have a feeling that independent fading and possibly AWGN may be less critical to test outcome in the case of RRM tests than other RF performance tests, so it might be enough simply to provide the same downlink signal as is used today in single antenna testing to each of the UE multiple antenna connectors. However, we would very much welcome feedback on whether this is a suitable way to proceed.
If a way to proceed on this issue can be agreed in RAN4#41 then Nokia could draft CRs to 25.133 as necessary for RAN4#42.

