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1. Introduction

In RAN1#62bis a way forward [1] on enhanced inter-cell interference coordination (eICIC) was agreed. This was communicated in LS to RAN2, RAN3 and RAN4 to stimulate the related work for eICIC. 
With regard to RRC signalling, RAN1 agreed the following:
· RRC signalling is provided for resource specific RLM/RRM measurements: 
· If this signalling is provided for serving cell measurements, UE should use only the indicated subframes for serving cell measurements 

· If this signalling is provided for measurements on a given neighbour cell, UE should use only the indicated subframes for measurements on that neighbour cell (regardless of any previous assumptions about MBSFN subframes in that neighbour cell)

· FFS in RAN2: details of how the indicated subframes apply to RLM and/or RRM measurements 

· Limited set of patterns to be considered for RAN 4 performance requirements

· RAN4 should determine the patterns and the appropriate corresponding performance requirements

· FFS: Possible constraints on the set of patterns that can be signalled by RRC

From the agreement above, it can be noted that the restricted resource measurements need to be supported by Rel-10 UEs, and this may result in a need for some specification modification compared to Rel-8/9. In this contribution, we consider the changes needed to the L1 specifications in relation to ABS for RLM, RSRP and RSRQ measurements. 
Note that this document is a resubmission of [2], in order to provide a recap of the information presented very briefly in RAN1#63.

2. RLM Measurement
The Radio Link Monitoring (RLM) procedure is used to monitor the downlink radio link quality of the serving cell by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. In order to avoid unnecessary out-of-sync status being reported by a UE when ABSs (Almost Blank Subframes) are configured, the RLM measurement should be restricted to the resources indicated by RRC signalling for RLM measurement. 
We therefore propose the following modification to TS 36.213 to achieve this: 
4.2.1
Radio link monitoring

The downlink radio link quality of the serving cell shall be monitored by the UE for the purpose of indicating out-of-sync/in-sync status to higher layers. 
In non-DRX mode operation, the physical layer in the UE shall every radio frame assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10]. 
In DRX mode operation, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over the previous time period defined in [10], against thresholds (Qout and Qin) defined by relevant tests in [10].

If higher-layer signalling indicates certain subframes for restricted radio link monitoring, the assessment of the radio link quality shall not be performed in any other subframe. 

The physical layer in the UE shall in radio frames where the radio link quality is assessed indicate out-of-sync to higher layers when the radio link quality is worse than the threshold Qout. When the radio link quality is better than the threshold Qin, the physical layer in the UE shall in radio frames where the radio link quality is assessed indicate in-sync to higher layers.
3. RSRP 

According to the definition of the RSRP in TS 36.214, it is defined as the linear average over the power contributions (in [W]) of the resource elements that carry cell-specific reference signals within the considered measurement frequency bandwidth. RSRP therefore relates to the received power of a specific reference signal, and the absolute value of this should not be affected by the presence or absence of interference, although the accuracy with which the absolute RSRP value can be determined may be affected by the presence or absence of interference. 
Therefore ABSs should have no impact on the RSRP measurement definition in 36.214. However, the effect of ABSs on the accuracy requirements for RSRP may be considered by RAN4 for 36.133.
4. RSRQ 

The RSRQ measurement is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RBs of the E-UTRA carrier RSSI measurement bandwidth. Since the measured RSSI value will depend on whether the measurement is made in ABS (less interfered) or all subframes, the specification in TS 36.214 for RSRQ needs to be modified to support the case when ABSs are configured and a restricted set of subframes is indicated by RRC signalling for RRM measurement purposes. 
We propose the following modification to 36.214. A draft CR is provided in [3].
5.1.3
Reference Signal Received Quality (RSRQ) 

	Definition
	Reference Signal Received Quality (RSRQ) is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks.

E-UTRA Carrier Received Signal Strength Indicator (RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols containing reference symbols for antenna port 0, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. If higher-layer signalling indicates certain subframes for restricted RRM measurement, RSSI is only applicable in the indicated subframes.
The reference point for the RSRQ shall be the antenna connector of the UE.

If receiver diversity is in use by the UE, the reported value shall not be lower than the corresponding RSRQ of any of the individual diversity branches.

	Applicable for
	RRC_IDLE intra-frequency,

RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,

RRC_CONNECTED inter-frequency


5. Conclusion
In this contribution, we have assessed the impact of ABSs on the RAN1 specifications for RLM, RSRP and RSRQ measurements. 
We propose that the text proposals above for TS 36.214 be adopted in relation to RLM (TS36.213) and RSRQ (draft CR to TS36.214 in [3]). 

We believe that no modification is needed to the RAN1 specifications in relation to RSRP. 
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