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1  Introduction

In TSG-RAN1 #62, an LS was sent to RAN2, RAN3 and RAN4 in R1-105094, “LS on eICIC progress in RAN1”, which summarizes the progress of the RAN1 work on non-CA based enhanced eICIC solutions in RAN1 [1].  Based on the LS, RAN1 requested RAN4 to consider RAN1 agreements when developing the corresponding RAN4 requirements. 

The action to RAN4 in [1] states:

“RAN1 kindly asks RAN4 to take the RAN1 agreements above into account in their further work on RLM/RRM/CSI measurements and, for the Macro-Femto case, time-domain/power-setting solutions.”

In TSG-RAN1 #62bis, TSG-RAN1 has sent an LS to RAN2, RAN3 and RAN4 in R1-105793, “LS on time-domain extension of Rel 8/9 backhaul-based ICIC for Macro-Pico scenario” [2]. With regard to the X2 signalling, RAN1 has agreed the following requirements:

· A bitmap pattern is used to indicate Almost Blank Subframe (ABS) pattern of Macro cell to Pico cell
· Pattern period: 

· FDD – 40ms

· TDD – 20ms for DL/UL configuration 1~5, 70 ms for DL/UL configuration 0, 60ms for DL/UL configuration 6

· Patterns are semi-statically updated, i.e. not faster than existing Rel-8/9 X2 RNTP signals

· One bitmap indicates the subframes which are ABS

· A second bitmap indicates a subset of the subframes indicated by the first bitmap, which are recommended to receiving node for configuration of restricted RLM/RRM measurements

· Serving cell indicates actual resources for RLM/RRM and CSI through RRC signaling (details below) 

· Trigger: aperiodic, event-based

· New IE to indicate ABS pattern and number of CRS ports over X2 is recommended to RAN3

· This should not affect existing Release 8/9 X2 RNTP, HII and OI IE definitions
With regard to RRC signalling, RAN1 has agreed the following requirements [2]:

· 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

Based on the LSs, RAN1 have requested RAN4 to consider RAN1 agreements when developing the corresponding RAN4 requirements. 

The action to RAN4 in [2] states:

“RAN1 kindly asks RAN4 to take the above into consideration and to define limited set of patterns to be considered for RAN 4 performance requirements as outlined above, and if any constraints are needed on the set of patterns that can be signalled by RRC.”

RAN4 can initiate the preliminary analysis of the impact of the time domain solutions in heterogeneous deployment on the RAN4 requirements. In this contribution, we discuss the impact of the time domain solutions in heterogeneous deployment on the performance of radio link monitoring (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. 
With non-CA based co-channel heterogenous deployment, a UE served by a pico eNode B (victim cell) will receive higher interference from a macro eNode B (aggressor cell) when the UE is closer to the cell edge, as shown in Fig. 1. With time domain solution, the resources of the macro cell are partitioned into different layers to restrict the transmission from the macro eNode B in certain sub-frames termed as almost blank sub-frames (ABS). In Fig. 1 the macro cell sends data in subframes 0, 2, 5, 8, and 9 while the pico cell can use all subframes for cell-center users and subframes 1, 3, 4, 6, and 7 for cell-edge users. The number of almost blank subframes in each ABS pattern period in the macro cell can be determined by the number of UEs in the pico cell that are significantly interfered by the macro eNB. When there are several pico cells, each serving many cell-edge UEs, the macro may configure more almost blank subframes to accommodate the traffic requirements of these UEs. 
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Figure 1. An example of dominant interference condition in macro-pico deployment
Correspondingly, a UE served by a macro eNode B (victim cell) will receive higher interference from a femto eNode B (aggressor cell) when the UE is close to the femto eNode B. With the time domain solution, the resources of the femto cell are partitioned into different layers to restrict the transmission from the femto eNode B in certain sub-frames termed as almost blank sub-frames. An example is shown in Fig. 2. 
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Figure 2. An example of dominant interference condition in macro-femto deployment
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. Moreover, this can happen very frequently. For example, in the macro-femto case as shown in Fig. 2, it is quite possible that there is only one macro UE that is very close to the femto cell and the femto eNB needs to configure only one almost blank subframe in one frame to accommodate the resource requirement of this macro UE. Then the macro UE can only use one subframe in each frame for channel link quality evaluation and the misdetection or mis-alarm probability would be very high. One possible solution would be to extend the evaluation period for both out-of-sync and in-sync assessment 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-sof-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 ABSF pattern proposed in [6]. Different ABS patterns will result in different numbers of subframes for link quality evaluation and the evaluation period can be extended accordingly based on the performance requirement. It may be necessary to study the evaluation period for each pattern.
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Figure 5 A set of ABS patterns aligned with 8 ms uplink HARQ timing [6]

4 Summary
In this paper we have briefly analyzed the impact of configuring ABSF on the performance of RLM. Once the ABS patterns have been decided, RAN4 can start the detailed analysis of RLM requirements to accommodate the need of time domain solutions.  
5 References

[1] R4-103770 (R1-105094), “LS on eICIC progress in RAN1”, RAN1 LS to RAN4.
[2] R1-105793, “LS on time-domain extension of Rel 8/9 backhaul-based ICIC for Macro-Pico scenario”, RAN1 LS to RAN4.
[3] R4-103738, “Impact of Enhanced ICIC for Non-CA based Deployment on RAN4 Requirements”, Ericsson, ST-Ericsson.
[4] R4-103426, “Hetnet ICIC RLM and RRM requirements,” Qualcomm Incorporated.

[5] R4-103281, “RLM Considerations of Almost Blank Subframe,” Alcatel-Lucent.

[6] R1-105335, “ Details of almost blank subframes,“ Ericsson, ST-Ericsson.

[7] R1-105708, “TDM muting patterns for het-net coordination,” Texas Instruments.
[8] 3GPP TS36.133, “Evolved Universal Terrestrial Radio Access (E-UTRA); Requirements for support of radio resource management”

_1350302250.vsd
SF0


SF1


SF2


Femto cell 1


SF3


SF4


SF5


SF6


SF7


SF0


SF1


SF2


SF3


SF4


SF5


SF6


SF7


SF8


SF9


SF8


SF9


Macro cell 1


SFi


Normal subframes


SFi


Almost blank subframes



_1350302251.vsd
Pico cell


SF0


SF1


SF2


SF3


SF4


SF5


SF6


SF7


SF8


SF9


SF0


SF1


SF2


SF3


SF4


SF5


SF6


SF7


SF8


SF9


Macro cell 1


SFi


Normal subframes


SFi


Almost blank subframes



_1350372139.vsd
On duration


On duration


DRX Cycle


Evaluation period (several DRX cycles as defined in Table 1)


On duration



_1350302248.vsd
Frame k


Evaluation period for link quality measurement of Frame k
(200ms for Qout/100ms for Qin)


10 ms frame



