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1.
Introduction

At RAN4#72bis in Singapore, R4-145605 [1] and R4-146195 [2] made proposals for the RRM tests to be applied to 3 DL Carrier aggregation, and a way forward was agreed in R4-146679 [3]. This Tdoc considers the test system required to perform such tests, and proposes possible ways to reduce the test equipment complexity.
2.
Measurement accuracy Test cases A.9.x
The proposals in [1] and [2] include extending the existing RSRP and RSRQ accuracy tests in TS 36.133 [4] clause A.9 to 3 DL CA. It is useful to examine the design of these tests for 2 DL CA, and how they address the requirements to be tested. We then consider the extension to 3 DL CA, and the test coverage to be achieved.
2.1 RSRP
The existing 2 DL CA Test cases A.9.1.X in TS 36.133 [4] have 2 carriers and 3 cells, with Cell 1 as PCC on f1, Cell 2 as SCC on f2, and Cell 3 as neighbour, also on f2. The following requirements are tested:
· Absolute RSRP accuracy, by measuring Cell 1 on f1  
· Absolute RSRP accuracy, by measuring Cell 2 on f2
· Intra-frequency Relative RSRP accuracy, by measuring Cell 3 relative to Cell 2, both on f2
· Inter-frequency Relative RSRP accuracy, by measuring Cell 2 on f2 relative to Cell 1 on f1
For 3 DL CA, it would be a logical extension to measure Absolute RSRP accuracy on f1, f2 and f3.
Intra-frequency relative RSRP accuracy on f2 could be measured using SCC-1 and a neighbour cell both on f2, and similarly Intra-frequency relative RSRP accuracy on f3 could be measured using SCC-2 and a neighbour cell both on f3. If done simultaneously, this approach would however require a total of 5 cells for 3 DL CA, extending to 7 cells for 4 DL CA and 9 cells for 5 DL CA.

The Intra-frequency relative RSRP accuracy could be measured on each SCC by moving the neighbour cell sequentially, for example by measuring SCC-1 relative to the neighbour with both cells on f2, then by measuring SCC-2 relative to the neighbour with both cells on f3. This principle of this approach is similar to that proposed for IncMon in R4-146208 [5]. The PCC and all SCCs remain active, only the neighbour cell changes frequency as the test checks each SCC in turn.
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For 3 DL CA, Inter-frequency relative RSRP accuracy has more possibilities: between f1 and f2, f1 and f3, or f2 and f3. For 4 DL or 5 DL CA the combinations increase further. However, we believe adequate test coverage could be achieved by measuring each of f2, f3.. relative to f1. In effect, each SCC is being measured relative to the PCC. Making this simplification will reduce test time, not only for 3 DL CA but especially for 4 DL or 5 DL CA.
In summary, for 3 DL CA RSRP accuracy we propose to test the following requirements: 

· Absolute RSRP accuracy, by measuring Cell 1 on f1  
· Absolute RSRP accuracy, by measuring Cell 2 on f2
· Absolute RSRP accuracy, by measuring Cell 3 on f3
· Intra-frequency Relative RSRP accuracy, by measuring Cell 4 relative to Cell 2, both on f2
· Intra-frequency Relative RSRP accuracy, by measuring Cell 4 relative to Cell 3, both on f3
· Inter-frequency Relative RSRP accuracy, by measuring Cell 2 on f2 relative to Cell 1 on f1
· Inter-frequency Relative RSRP accuracy, by measuring Cell 3 on f3 relative to Cell 1 on f1
This test could be run using 4 cells and 3 frequencies.

2.2 RSRQ
The existing 2 DL CA Test cases A.9.2.5/ A.9.2.6 in TS 36.133 [4] have 2 carriers and 3 cells, with Cell 1 as PCC on f1, Cell 2 as SCC on f2, and Cell 3 as neighbour, also on f2. We note however that because there is no specification for Intra-frequency Relative RSRQ, the neighbour cell appears to be redundant.  

For 3 DL CA RSRQ accuracy we propose to test the following requirements: 

· Absolute RSRQ accuracy, by measuring Cell 1 on f1  
· Absolute RSRQ accuracy, by measuring Cell 2 on f2
· Absolute RSRQ accuracy, by measuring Cell 3 on f3
· Inter-frequency Relative RSRQ accuracy, by measuring Cell 2 on f2 relative to Cell 1 on f1
· Inter-frequency Relative RSRQ accuracy, by measuring Cell 3 on f3 relative to Cell 1 on f1
This test could be run using 4 cells and 3 frequencies (or 3 cells if the neighbour cell is not required).

2.3 RSTD
The existing 2 DL CA Test cases A.9.8.5/A.9.8.6 in TS 36.133 [4] have 2 carriers and 3 cells, with Cell 1 as PCC on f1, Cell 2 as SCC on f2, and Cell 3 as neighbour, also on f2. Only intra-frequency RSTD accuracy is measured, between Cell 2 and Cell 3.
Following the same principle as RSRP, the Intra-frequency relative RSTD accuracy could be measured on each SCC by moving the neighbour cell sequentially.  

For 3 DL CA RSTD accuracy we propose to test the following requirements: 

· Intra-frequency Relative RSRP accuracy, by measuring Cell 4 relative to Cell 2, both on f2
· Intra-frequency Relative RSRP accuracy, by measuring Cell 4 relative to Cell 3, both on f3
This test could be run using 4 cells and 3 frequencies.

3.
Event triggered reporting Test cases A.8.16.x
The existing 2 DL CA Test cases A.8.16.x in TS 36.133 [4] have 2 carriers and 3 cells, with Cell 1 as PCC on f1, Cell 2 as SCC on f2, and Cell 3 as neighbour, also on f2. The requirement is to send an event-triggered measurement report when Cell 2 exceeds a threshold. The UE is required to make RSRP measurements of cells on both f1 and f2.
For 3 DL CA the neighbour cell could change frequency as the test checks each SCC in turn, using a similar principle as the A.9.1.x RSRP test case.

This test could be run using 4 cells and 3 frequencies.
4.
RSTD measurement reporting delay test cases A.8.17.x
In R4-146195 it is proposed that no new test is needed to verify the RSTD delay requirements for 3 DL CA. Instead, 3 DL CA capable UE should pass the existing RSTD delay test for 2 DL CA A.8.17.x.
5.
Inter-frequency event triggered reporting Test cases A.8.20.x
The existing 2 DL CA Test cases A.8.20.1/A.8.20.2 in TS 36.133 [4] have 3 carriers and 3 cells, with Cell 1 as PCC on f1, Cell 2 as neighbour on f2, and Cell 3 as SCC on f3. The requirement is to send an event-triggered measurement report when Cell 2 exceeds a threshold. The UE is required to make an inter-frequency RSRP measurement of Cell 2 on f2.

It would be useful to discuss whether test coverage would be significantly enhanced for 3 DL CA by specifying PCC, SCC-1 and SCC-2 with an additional inter-frequency neighbour, which could be run using 4 cells and 4 frequencies. Or, as for RSTD, would it be sufficient for the 3 DL CA capable UE to pass the existing inter-frequency event triggered reporting test for 2 DL CA in A.8.20.x?
6.
Antenna configuration
As with most existing RRM tests, it is recommended to use 1x2 Antenna configuration, to avoid an unnecessarily large number of transmitters or fading channels.

7.
Flexibility for different bandwidth combinations
Proposal 4 in R4-145605 [1] is that “RAN4 should consider developing the CA RRM tests in a flexible way to allow straightforward extensions to higher order CA and different bandwidth combinations”.

The most demanding test is RSRP, which for 2 DL CA has only one subtests. The Noc and RSRP of Cell 1 on f1 is band-dependent and varies according to Refsens, but is specified as a spectral density in dBm/15kHz. The Noc and RSRP of Cell 2 and Cell 3 on f2 is specified in dB relative to Cell 1. These parameters are therefore easily adaptable to different bandwidth combinations.
The Io is however specified in the channel bandwidth. To make the test applicable for different bandwidth combinations, it should be possible to provide a formula for Io which is a function of the allocated RBs. The formula would be further complicated if the neighbour cell is moved between carriers, but it should still be possible to specify this way. The Io value is not expected to be critical, because it is not set close to a side condition. The detail requires further study.
8.
Recommendations
· Aim to keep 3 DL CA tests within 4 cells and 3 frequencies, using time-switching if necessary
· Consider whether RSTD measurement reporting delay can be tested using 2 DL CA test cases
· Consider whether Inter-frequency event triggered reporting can be tested using 2 DL CA test cases
· Use 1x2 Antenna configuration
The above recommendations aim to minimise the complexity of the equipment to test UEs supporting 3 DL CA, and to reduce the test development time.
The principles can be extended to 4 DL CA or 5 DL CA, with similar benefits.
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