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1 Introduction

The impact of using autonomous gaps for CGI reading on UE measurements performed in restricted measurement subframes configured for eICIC has been discussed, e.g., in [1,2]. Among the impacted measurements are RLM measurements for eICIC, which is the focus of the current contribution.
2 System Information (SI) reading
The MIB is transmitted periodically with a periodicity of 40 ms and repetitions made within 40 ms scheduled in subframe #0. The SIB1 is transmitted with a periodicity of 80 ms and repetitions made within 80 ms scheduled in subframe # 5.

The UE may read the system information transmitted over PBCH channel for multiple purposes. The SI, divided into Master Information Block (MIB) and SI Blocks (SIBs), contains the most essential physical layer information of the cell necessary to receive further SI (MIB), the information for accessing the cell and scheduling of other SIBs (SIB1), etc.
Reading at least MIB and SIB1 is necessary e.g. for acquiring CGI, which uniquely identifies a cell, which may be requested by the serving cell. The UE may be requested to report CGI for a specific purpose, e.g., verification of CSG cell which becomes particularly important in heterogeneous network deployments, establishment of SON, ANR, etc.

In 36.133, there is also a requirement that the UE shall identify and report the CGI when requested by the network for the purpose ‘reportCGI’. SI reading for acquiring CGI is carried out during autonomous measurement gaps created by the UE, with no explicit neighbour list provided to the UE for identifying the new CGI. The UE may make autonomous gaps in downlink reception and uplink transmission for receiving MIB and SIB1 message. The corresponding requirements for both intra- and inter-frequency SI reading were introduced in Rel-9:

· The requirements specify the maximum time period for the UE to identify a new CGI of an E-UTRA cell, which is 150 ms and is valid for the target cell SINR(-6 dB and SINR(-4 dB for intra-frequency and inter-frequency, respectively;
· The requirement applies for non-DRX and for all DRX cycles.
Further, there is currently no requirement in E-UTRA for the UE to be able to acquire new CGI of an E-UTRA cell in parallel to performing other intra-frequency, inter-frequency, or inter-RAT measurements.
3 Impact of autonomous gaps on restricted measurements
As previously mentioned, restricting measurements to subframes indicated by measurement resource restriction patterns, which is the intention with eICIC, reduces the number of effective measurement occasions.
Using autonomous gaps further reduces the number of measurement occasions, which may degrade the measurement performance resulting, e.g., in either lower accuracy or longer measurement time to achieve the same accuracy.
Since there is no requirement on the UE to be able to read the SI and perform other measurements in parallel, some UEs may e.g. choose to not perform measurements during autonomous gaps, i.e., configuring autonomous gaps may interrupt the UE DL reception and UL transmission in the serving cell. This interruption may have an even more severe impact when the measurements are restricted to certain subframes, thus further limiting the number of effective measurement occasions when the autonomous gaps overlap with the indicated subframes. It has therefore been proposed to introduce new requirements to enable restricted measurements and SI reading. In particular, it has been proposed to extend the RLM measurement period. However, it is important to understand how much the measurement period needs to be extended.
The current CGI identification and reporting requirement is 150 ms, with up to 5 attempts for MIB and SIB. In Figures 1-4, we calculate the rate of available measurement occasions for RLM (black squares) for restricted measurement patterns with blanking rate 1/8 and 1/10, separately during the MIB reading period and SIB reading period in a synchronous network. With 1/8 patterns, the smallest rate during MIB reading is 43%, and during SIB1 reading is 75%. With 1/10 patterns, the smallest rate during MIB reading is 0%, i.e., certain patterns (more precisely, certain offsets) have to be simply excluded in case UEs may be expected to identify and report CGIs, and the smallest rate during SIB1 reading is 50%.
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Figure 1. MIB reading with different restricted measurement patterns with blanking rate 1/8.
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Figure 2. SIB1 reading with different restricted measurement patterns with blanking rate 1/8.
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Figure 3. MIB reading with different restricted measurement patterns with blanking rate 1/10.
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Figure 4. SIB1 reading with different restricted measurement patterns with blanking rate 1/10.

4 eICIC requirements to ensure measurement performance when using autonomous gaps
E.g., in [3], it has been proposed that the CGI reading time is extended when occurs in parallel to restricted measurements for eICIC. However, relaxing the CGI reading time still cannot ensure good measurement performance with eICIC. One of the reasons is that there are several measurement types that are impacted by autonomous gaps at a different scale. Some examples are RLM, UE Rx-Tx time difference measurements, and RRM measurements. Extending the CGI reading time to account for the most affected measurement is likely to lead to a large relaxation. Further, in that case, the impact on all measurements need to be studied to evaluate the CGI reading impact on each of them and find out the trade-off, which requires extensive simulation work addressing all eICIC requirements. It may also be so that it is not desirable for all requirements that may be configured with an eICIC pattern to require the UE is able to perform the measurement in parallel to CGI identification.
Another approach is to consider specific measurements and ensure their performance. Since RLM is a crucial measurement for eICIC, it is therefore proposed to introduce such a requirement for RLM measurements when autonomous gaps are configured.
Proposal 1: Extend the measurement period for RLM measurements under measurement resource restriction when the UE creates autonomous gaps. 
Proposal 2: To allow for some flexibility for the network in configuring ABS patterns and restricted measurement patterns, it is proposed to extend the RLM measurement time by a factor of [4/3] (observing that 75% is an average rate calculated in Figures 1-4). A margin, e.g., [10] ms, may also be added.
5 Summary

Proposal 1: Extend the measurement period for RLM measurements under measurement resource restriction when the UE creates autonomous gaps. 
Proposal 2: To allow for some flexibility for the network in configuring ABS patterns and restricted measurement patterns, it is proposed to extend the RLM measurement time by a factor of [4/3] (observing that 75% is an average rate calculated in Figures 1-4). A margin, e.g., [10] ms, may also be added.

For example, the requirement for non-DRX may look as follows (in TS 36.133, Section 7.6.2.1):
When the UE creates autonomous gaps for identifying and reporting the intra-frequency or inter-frequency CGI of an E-UTRA cell and when higher-layer signalling indicates certain subframes for restricted radio link monitoring, the Qout evaluation period (TEvaluate_Qout_DRX) is [270+10] ms, and the Qin evaluation period (TEvaluate_Qin_DRX) is [135+10] ms.

A draft CR capturing the proposal addressing the RLM performance issue is provided in [4], where it is proposed to extend time for both DRX and non-DRX when autonomous gaps are configured in parallel to other measurements.
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