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1  Introduction

In the last RAN4 meeting, different aspects of RLM/RRM performance when TDM-eICIC is employed were discussed. The way forward agreement emphasizes the RLM/RRM performance and measurement requirements [1] and proposes the followings for definition of the performance requirements and side conditions for each RLM/RRM requirement:
· RLM for RRC_CONNECTED state and RRM performance  requirements for RRC_CONNECTED should be introduced under time varying interference 
· The suitable subframes for measurements is signalled by the network; 
· RAN4 will determine the working assumption of patterns for RRM/RLM requirements by RAN4 #57. Both non colliding-CRS and colliding-CRS cases should be studied for RLM/RRM performance requirements. 
· RAN4 will also consider the impact of patterns on CSI measurement performance if  the same signaled pattern is used for RLM/RRM and CSI measurements. 
· One of the following approaches should be adopted to define the performance requirements and side condition for each RLM/RRM requirement
· Alternative 1: Reuse Rel-9 RLM or RRM measurement requirements and SINR (or Es/Iot) side condition
· Per RAN1 LS (R1-105793), if ABSF coincides with MBSFN subframe not carrying any signal in data region, CRS is not present in data region. This case should be studied in addition to normal ABS. Depending upon the outcome if the new requirements are considered necessary then they will be defined at later stage
· The working group will evaluate the impact of CRS interference in ABSF in each requirement and the impact of limited ABSF opportunities compared with rel8/9 measurement. 
· If the impact is found to be insignificant in some cases, this approach is adopted to reduce RAN4 work load. 
· Alternative 2: Define new RLM/RRM measurement requirements and SINR (or Es/Iot) side condition for eICIC
· RSRP/RSRQ measurements are based on CRS symbol observations similar to Rel-9, but observations are restricted only to suitable subframes signaled by the network
· RLM measurements will be based on CRS symbol observations similar to Rel-9 (i.e., same Qout/Qin mechanism is used), but observations are restricted only to 
suitable subframes signaled by the network. 
· Es/Iot and/or Qout/Qin levels may change. 

In this contribution, we discuss the impact of the time domain solutions in heterogeneous deployment on the performance of RLM. 
2 Summary of Time Domain Solutions
For both macro-femto and macro-pico heterogeneous deployments, the resources over the same carrier frequency are shared using time domain solutions. In both cases, the release-10 UE in the victim cell should be restricted to perform measurements in selected sub-frames. More specifically, in the macro-pico scenario, the selected subframes of a pico UE can be subframes where macro transmissions do not occur i.e. subframes of the pico cell coinciding with the almost blank subframes of the macro cell. In the macro-femto scenario, the selected subframes of a macro UE close to the femto cell can be subframes where femto transmissions do not occur i.e. subframes of the macro cell coinciding with the almost blank subframes of the femto cell. 
In release 8/9 the UE can perform different types of measurements (e.g. RSRP, RSRQ, CSI etc) or perform procedures such as RLM on signals transmitted by any of the available downlink sub-frames. The restriction on the sub-frames for performing the measurements may affect the measurement performance requirements. 
In the past several contributions have discussed the implication of time-domain solutions on the performance of RLM [3-5]. In the following, we discuss the impact with more details.
3  Impact on Radio link monitoring
The physical layer in UE is required to assess radio link quality and indicate out-of-sync to higher layers when the radio link quality is worse than a threshold Qout. When the radio link quality is better than a threshold Qin, the physical layer in the UE is expected to indicate in-sync to higher layers. Qout and Qin are defined as 10% and 2% BLER of hypothetical PDCCH reception.
In non-DRX mode, the physical layer in the Rel-8/9 UE shall in every radio frame assess the radio link quality, evaluated over a previous time period, 200 ms for Qout and 100 ms for Qin, against thresholds, Qout and Qin. This process has been illustrated in Figure 3. In Frame k, the UE estimates the downlink link quality based on the cell-specific reference signal of all or some subframes in the evaluation period.  If the link quality evaluated over the past 20 frames is lower than Qout, an out-of-sync indication is sent to high-layers for further processing. If the link quality evaluated over the past 10 frames is higher than Qin, an in-sync indication is sent to high-layers for further processing. 
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Figure 3 Channel link quality evaluation in every radio frame in non-DRX mode.
When ABS is configured in the aggressor cell, due to the restricttion of measurement sub-frames in victim cell/user, the number of available subframes for radio link quality assessment can be lower than the number required by Rel 8/9 UEs for reliable channel quality estimation. In some extreme cases, there can be only one subframe within one frame for channel quality estimation, resulting in unstable detection results if Rel 8/9 evaluation period is still used. One possible solution would be to extend the evaluation period to increase the number of available subframes for channel quality estimation. 
In DRX mode, the physical layer in the UE shall at least once every DRX period assess the radio link quality, evaluated over a previous time period defined in Table 1, against thresholds Qout and Qin. This process has been illustrated in Figure 4. In each DRX period, the UE estimates the downlink link quality based on the cell-specific reference signal of all or some on-duration subframes in the evaluation period, depending on UE implementation. If the link quality evaluated over the evaluation period is lower than Qout, an out-of-sync indication is sent to high-layers for further processing. If the link quality evaluated over evaluation period is higher than Qin, an in-sync indication is sent to high-layers for further processing.
Table 1: Qout and Qin Evaluation Period in DRX (Table 7.6.2.2-1 in [8])
	DRX cycle length (s)
	TEvaluate_Qout_DRX  and TEvaluate_Qin_DRX  (s) (DRX cycles)

	≤0.04
	   [Note (20)]

	0.08
	[0.8 (10)]

	0.16
	[1.6 (10)]

	0.32
	[3.2 (10)]

	0.64
	 [6.4 (10)]

	1.28
	[6.4 (5)]

	2.56
	[12.8 (5)]

	Note: Evaluation period length in time depends on the length of the DRX cycle in use
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Figure 4 Channel link quality evaluation in DRX cycle in DRX mode
In DRX case, when ABS is configured, it would be even worse. According to the current measurement scheme, the RLM measurement can only be performed on those subframes which are covered by the on duration in the DRX cycle. Although extending on duration can increase the number of measurement sampling for RLM, it is not desirable considering on-duration extension would greatly increase UE power consumption. To ensure reliable channel quality estimation, the evaluation period may need to be extended to include more DRX cycles. 
The ABS can be configured with different predetermined patterns. Some examples can be found in [6], [7], etc. Fig. 5 gives one set of ABS pattern proposed in [6]. Different ABS patterns will result in different numbers of subframes for link quality evaluation and the evaluation period may be extended accordingly based on the performance requirement. 
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Figure 5 A set of ABS patterns aligned with 8 ms uplink HARQ timing [6]

4 Simulations
The main simulation parameters are given in Table 1 in the Appendix. In the simulation we compare three channel quality evaluation alternatives. The first alternative, called “normal w/o RSF”, is the existing evaluation scheme defined in [8] and the CRSs of all subframes within the evaluation period are used to estimate the channel quality. The second, called “normal w/ RSF”, uses the evaluation period defined in [8] with restricted subframes. The third, called “extended w/ RSF” uses extended evaluation period compared that defined in [8] with restricted subframes. We have considered different Doppler frequencies (DFs) in the simulation because of its potential impact on the averaging process. As stated before, the impact of ABS on RLM is mainly the reduction of measured subframe samples and thus the accuracy of measured channel quality in each evaluation time that determines whether out-of-sync or in-syn indication should be sent to upper layers. Therefore we focus on comparing the CDFs of measured channel qualities in each evaluation period for the three schemes. 
Figure 1 and 2 compare the CDF of measured channel qualities in each evaluation period for non-DRX mode. In the third alternative, the evaluation period is extended to include the same number of samples as that of the first. To achieve the same RLM performance, we want to achieve the channel quality measurement performance as close to that of [8] as possible. Clearly, in low DF, while Alternative 3 provides more stable channel estimate than the other two, Alt 2 estimates the channel with the same reliability as that of Alt 1. Hence there is no need to extend the evaluation period in this case. However, in the high DF scenario, Alt 2 has much larger variance than that of Alt 1. Alt 3 performs very close to Alt 1. Figure 3 further verifies the impact of different numbers of selected measurement SFs on the estimated channel quality. Note that layer-3 filter will have some further averaging effect. Therefore extending the evaluation period may be beneficial in high DF scenarios. 
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Fig. 3 CDF of measured channel quality in each evaluation period, non-DRX mode, TU6 channel, DF =110 Hz.
Figure 4 and 5 compare the CDF of measured channel qualities in each evaluation period for DRX mode. The DRX cycle is set to be .64 second and the on duration is 10 ms. In the third alternative, the evaluation period is extended to be twice that of the other two alternatives. Clearly, in both low and high DF scenarios, while Alternative 3 provides more stable channel estimate than the other two, the reliability of Alt 2 is close to that of Alt 1 in the low DF scenario and slightly worse than Alt 1 in the high DF scenario. Figure 6 and 7 further compares the same performance when the on duration is longer (100ms). In the high DF scenario, Alt 2 has much larger variance than that of Alt 1. Alt 3 performs very close to Alt 1. Therefore extending the evaluation period may be beneficial in this case. 
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5 Summary
In this paper we have briefly analyzed the impact of configuring ABS on the performance of RLM. According to our simulation observations, it may be beneficial to redefine RLM requirements in some scenarios to accommodate the need of time domain solutions.  
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Appendix: Simulation assumptions

Table 1 Link-Level Simulation Parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	Channel model
	TU6

	Number of Tx/Rx antennas
	1Tx, 1Rx

	CP
	Normal CP

	Bandwidth
	5MHz

	DCI format
	Format 1A

	Channel coding
	TBCC

	Rate matching
	Circular buffer based

	Modulation
	QPSK

	Channel estimation
	DFT-based channel estimator

	Number of control OFDM symbols
	3

	Aggregation level (CCE)
	8

	Ratio of PDCCH RE energy to average RS RE energy
	4 dB

	Ratio of PCFICH RE energy to average RS RE energy
	4 dB
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Fig. 1 CDF of measured channel quality in each evaluation period, non-DRX mode, TU6 channel, DF =5.5 Hz.
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Fig. 2 CDF of measured channel quality in each evaluation period, non-DRX mode, TU6 channel, DF =110 Hz.
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Fig. 4 CDF of measured channel quality in each evaluation period, DRX mode (.64s DRX cycle, 10ms on duration), TU6 channel, DF =5.5 Hz.
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Fig. 5 CDF of measured channel quality in each evaluation period, DRX mode (.64s DRX cycle, 10ms on duration), TU6 channel, DF =110 Hz.
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Fig. 7 CDF of measured channel quality in each evaluation period, DRX mode (.64s DRX cycle, 100ms on duration), TU6 channel, DF =110 Hz.
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Fig. 6 CDF of measured channel quality in each evaluation period, DRX mode (.64s DRX cycle, 100ms on duration), TU6 channel, DF =5.5 Hz.
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