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1.
Introduction

During RAN5 #42bis meeting (Mar 09, Seoul), it was pointed out in Signalling group that Es/Iot of the serving cell in test cases with intra-frequency multiple cells is too low to perform conformance testing based on the current RAN5 configurations.

The purpose of this document is to discuss the current situation, review some options to overcome the associated problems and to make recommendations for RAN5 endorsement. This document has been revised from R5-092343 to incorporate some offline comments.
2.
Discussion
2.1
Problem Statement
In test cases with intra-frequency multiple cells, the serving cell receives interference from other cells (denoted by Iot). Considering measurement accuracy and signal level uncertainty, the target cell needs to be much stronger than the source cell, subsequently the Es/Iot of the serving cell very low. As the result, the following problems could occur:
· Side conditions of measurement accuracy requirement are not fulfilled
· Radio link failure occurs
· An UE loses sight of the source cell before cell search 
The key challenge, therefore, is to increase the value of the Es/Iot in order to mitigate/eliminate the problems highlighted above. 
2.2
RAN4 requirement

2.2.1
RRC_CONNECTED state
Intra-frequency relative RSRP measurement accuracy in RRC_CONNECTED state
In TS 36.133 [3] section 9.1.2.2, intra-frequency relative measurement accuracy is (3 dB with the following side conditions:

· Ês/Iot > -6 dB
· RSRP ≥ -124 dBm
· Io < -50 dBm

Those side conditions apply to both the source cell and the target cell.
Criteria of radio link failure

Though the criteria of radio link failure are still under discussion in RAN4, it is assumed that Qout can be -10.1 dB [3]. As far as the side conditions of measurement accuracy are fulfilled, radio link failure doesn’t occur.
2.2.2
RRC_IDLE state

Intra-frequency relative measurement accuracy in RRC_IDLE state
In TS 36.133 [2] section 4.2.2.3, intra-frequency relative measurement accuracy can be assumed to be [3] dB with the following side conditions:
· Ês/Iot ≥ -3 dB
· RSRP ( -121 dBm
Those side conditions apply to the target cell.
On the other hand, side conditions for the source cell are not defined clearly. The conditions for the target cell are not achievable in the source cell. It is safe to assume the same conditions for the source cell in RRC_CONNECTED state for Signalling testing purpose.
2.3
Current RAN5 spec

Relative signal level uncertainty

In TS 36.508 [1] section 6.2.2.1, signal level uncertainty is currently specified as below.

For test cases using multiple cells, the signal level uncertainty is +/-3dB for each cell, for any level specified, unless a tighter uncertainty is specified by a test case in TS 36.523-1 [18].

This means that intra-frequency relative signal level uncertainty is (6 dB.

Threshold

For RRC_CONNECTED state, a3-Offset is 2 dB and hysteresis is 0 dB.

For RRC_IDLE state, q-Hyst is 3 dB.

Noise

For Signalling test cases, Noise level (denoted by Noc) can be assumed to be –Infinity. Hence, it’s assumed that Noc = -Infinity in this document.
2.4
Current power level setting
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Figure 2.4-1: Current power level setting in RRC_CONNECTED state
Based on the current RAN5 configurations, power levels need to be set as the example shown in figure 2.4-1. 

The power level of the target cell (Cell C2) needs to be at least 11 dB stronger than the source cell. In this case, the power level of the target cell could be at worst 17 dB stronger than the source. This means Es/Iot could be -17 dB. This Es/Iot is too low and cause problems in performing conformance testing.
Though this example shows the case in RRC_CONNECTED state, the case in RRC_IDLE state is similar.
2.5
Solution Option 1
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Figure 2.5-1: Power level settings for three cells
In many cases, three cells are configured simultaneously. Figure 2.5-1 shows an outline of power level settings for three cells.

a3-Offset, hysteresis and q-Hyst are assumed to be 0 dB to reduce the power level of the target cell.

Proposal:
· 0 dB for a3-Offset, hysteresis and q-Hyst
In order to fulfil RAN4 requirement, power levels need to be set according to the following formulas:

· Ês/Iot of Cell C1 = P1 – 10 log10(P2|mW + P3|mW) > –6 dB + Y dB
· P2 >= P1 + 3 dB + Y dB
· P3 <= P1 – 3 dB – Y dB
where
· a3-Offset, hysteresis and q-Hyst are 0 dB.
· P1, P2 and P3 denote the EPRE configuration of Cell C1, C2 and C3 respectively
· Y denotes relative signal level uncertainty

Based on above conditions, Y needs to be less than 1.5 dB, even when P3 is –Infinity. To allow three intra-frequency cells, Y needs to be even smaller. We propose the following settings:

· Y = 1.3 dB
· P2 = P1 + 4.3 dB (= P1 + 3 dB + Y)
· P3 <= P1 – 6.3 dB (= P1 – 5 dB – Y)
Proposal:
· +/- 1.3 dB for intra-frequency relative signal level uncertainty
· The target cell should be 4.3 dB higher than the source cell

· The monitored cell should be at least 6.3 dB lower than the source cell

· TS 36.508 and TS 36.523-1 should be modified accordingly

Test case writers need to check if Ês/Iot of the source cell is higher than -4.7 dB in intra-frequency multiple cell cases. In this case, Ês/Iot of Cell C1 = -4.66 dB > -4.7 dB (= -6 dB + Y dB).
Proposal:
· To check if Ês/Iot of the source cell is higher than -4.7 dB in intra-frequency multiple cell cases


· 
· 
· 
· 
· 
· 

However, Ês/Iot of Cell C3 could be -14.3 dB at worst. Cell C3 is not a detectable neighbouring cell. We may need to limit the number of cells in a frequency to two.
Another issue: Intra-frequency relative measurement accuracy is [3] dB. Hence the power level of a detectable neighbouring cell should be at least [3] dB lower than the serving cell. However, the side condition of detectable cell is “Ês/Iot ≥ -3 dB”. It is unachievable unless signal level uncertainty is definitely zero.

2.6
Solution Option 2
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Figure 2.6-1: Power level changes over time for two cells
Figure 2.6-1 shows the second solution for two cells. The heavy black line represents (P2 – P1) dB. The black dashed line represents relative power level including signal level uncertainty: (P2 – P1) +/- Y dB. The gray area represents relative measurement accuracy: +/- 3 dB. In this gray area, Ês/Iot of both cells is equal to or higher than -3 dB.
If SS changes power levels of Cell C1 and Cell C2 slowly enough as shown in figure 2.6-1, cell reselection or handover will happen somewhere inside the gray area regardless of signal level uncertainty. Hence, tighter signal level uncertainty is not required.

However, it requires further careful investigation of power level changing rate to ensure an UE to detect, measure, report and perform handover or reselection inside the gray area. Also this solution looks not applicable to three cell cases.
2.7
Solution Option 3
It’s possible to avoid collision of reference signals between cells by selecting physical cell identity (PCI) carefully to make (PCI mod 3) differs from each other. If SS suppresses downlink transmission other than reference signal as much as possible, interference to reference signal from other cells can be mitigated. This solution also requires further investigation in detail and could impact SS implementation.
Note: solution 3 is not applicable to RRM test cases because it is not in line with RMC (reference measurement channel) requirement.

2.8
Other issue
Correlation between two antennas
According to LS from RAN4 [4] (R5-086211 / R4-083306), the correlation of interference signal between receiver antenna ports should be taken into account, because RAN4 assumes independent interference at each receiver antenna port. A preferable solution is to connect SS and UE with a phase rotator as shown in figure 2.8-1. RF group sent an LS [5] to RAN4 for confirmation.
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Figure2.8-1: Alternative test configuration
3. Summary and Recommendation
This document has raised the problem that in those test cases covering intra-frequency multiple cells, the serving cell receives interference from other cells. Considering measurement accuracy and signal level uncertainty, the target cell needs to be much stronger than the source cell, subsequently the Es/Iot of the serving cell is too low. This has created other problems so it has been necessary to investigate methods to increase the Es/Iot. Three options have been discussed.

Taking into the above discussion, it is clear that none of the options discussed will provide a complete solution on their own, therefore, NTT DOCOMO recommends the following:  
· For signalling test cases, option#3 should be used because it is the only solution which allows three cells simultaneously and that SS vendors investigate in detail how to implement this solution in the SS by RAN5 #43bis meeting.

· For RRM test cases, option#1 should be used which introduces tighter intra-frequency relative signal level uncertainty to solve the problem and that RF group commits to specify the actual value of uncertainty by RAN5 #43bis meeting.
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