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1. Background

The received RAN1 LS [1] in the last meeting provides more details on the time domain eICIC approach for macro-pico deployments. In the LS, RAN4 is asked to determine a limited set of patterns for RRM/RLM and CSI requirements as well as to define the corresponding requirements.

In addition, the  discussion on the way forward [2] has further continued on the reflector where the companies agreed that RAN4 should introduce RLM and RRM performance requirements for the RRC_CONNECTED state under time varying interference conditions and must also address RRM requirements in the RRC_IDLE state. Addressing the latter, in our previous paper [5] we explain that in addition to the RLM/RRM requirements in RRC_CONNECTED state, the RRM requirements in the RRC_IDLE state shall also be introduced because in the RRC_IDLE state the network does not have full control over the UE mobility, i.e. mobility indirectly controlled via system parameters and requirements. 

It is expected that RAN4 agrees on the working assumptions for patterns for RRM/RLM requirements by RAN4 #57, which is also the scope of the current contribution.
The focus of this paper is on the patterns for the intra-frequency requirements as this is the most basic mobility scenario. The patterns for the more advanced mobility scenarios (inter-frequency and inter-RAT) will be addressed in the later meetings.  
2. Pattern properties
In the TDM solution, the resources are partitioned in the time domain among different groups of cells to restrict transmissions of strongly interfering cells in certain subframes defined as almost blank subframes (ABS). Rel-10 UEs shall be able to restrict their measurements to a measurement pattern indicated by the network. The RAN4 requirements are to be based on such measurement patterns. Since it is the task for RAN4 to define a limited set of such patterns and specify the corresponding requirements, it is important to understand the properties of such patterns and their impact.
The important pattern properties are:
· Pattern length, periodicity, update interval – these properties have been summarized in [1];
· Pattern blanking rate and density – these properties have to be defined for each of the patterns to be considered for RAN4 requirements.
2.1 Pattern length and period

The eICIC pattern length, which is the same as the pattern period, will be pre-defined and according to [1] it is different for FDD and TDD:
· 40 ms for FDD,
· 20 ms for TDD DL/UL configurations #1- #5,

· 70 ms for TDD DL/UL configurations #0,

· 60 ms for TDD DL/UL configurations #6,
where the pattern periodicity is the same as the pattern length.
HARQ timing has been one of the important factors in RAN1 when deciding the pattern length and periodicity. Complying with HARQ timing in the context of ABS subframes implies that ABS shall repeat after N subframes, where N is the HARQ RTT (in the number of full subframes). The HARQ RTT is 8 ms for FDD and 10 ms for TDD UL/DL configurations #2–#5.
There are, however, other periodic processes that impact the UE measurements such as periodical reporting, measurement gap configuration, positioning subframe configuration, DRX, periodical transmissions such as broadcasted system information, etc. It is typical that such periodical processes are configured with a periodicity which is a factor of 20 and 40 subframes, which is compliant with the FDD pattern parameters recommended by RAN1 and TDD pattern parameters for UL/DL configurations #1–#5. For TDD UL/DL configurations #0 and #6, one consequence of misaligned periodicities, e.g. 70 ms pattern length with 40 ms DRX cycle, is the impact on the UE power consumption due to the reduced baseband sleep time and more frequent state switching. Another consequence is more complicated radio resource coordination in the network.
It should be noted that current intra-frequency IDLE and CONNECTED states requirements are applicable for all FDD and TDD UL/DL configurations. Due to ABS subframes in eICIC, it may be not desirable from the UE power consumption point of view to define intra-frequency requirements for all TDD UL/DL configurations. For example, in configurations where the available DL sub-frames for the measurements are too sparse, there may be an impact on the UE power consumption.
· Proposal 1: The RAN4 intra-frequency requirements for eICIC should be defined for all possible TDD UL/DL configurations, which are feasible from the UE power consumption point of view.
2.2 Regular and irregular patterns
Base eICIC patterns are likely to have a regular structure, i.e. consist of repeating pattern segments which are most likely to be of a length compliant with HARQ timing. However, to facilitate measurements in subframes with e.g. transmitted system information and paging, the regular structure may be slightly broken to handle special cases. To minimize the impact of non-aligning with HARQ timing and fully utilize configured ABS resources, it may be possible to use the “irregular”parts of the patterns for DL assignments only [3]. It is therefore proposed to consider regular patterns for evaluations with respect to the RAN requirements. This is also because ultimately the requirements shall be specified in a generic way and not tied to a single pattern.
2.3 Pattern update interval
The update interval is rather slow since the patterns are to be configured in a semi-static way [1], so for defining RAN4 requirements it can be assumed that the pattern does not change during a measurement time interval.
· Proposal 2: Assume that the measurement pattern does not change over the measurement time interval.
2.4 Pattern blanking rate
The pattern blanking rate defines the portion of blanked (low-interference) subframes, which for a measurement pattern signalled to the UE means the number of subframes available for measurements. From the UE measurement perspective, sparse patterns are more challenging since they imply fewer measurement occasions. How sparse an ABS pattern should be depends on the load of the interfered and interfering cells and the size of the critical area where UEs suffer from significant interference. The significance of the interference is in turn determined by two factors:

· number of interferers, e.g.

· this is not an eICIC-specific issue,

· in a lightly loaded network, the collision probability of transmissions from different cells is low, i.e. the number of interfering cells is low, and thus the need for configuring ABS subframes is significantly less than in highly loaded networks;

· relative signal strength of the strongest interferers compared to the serving cell, e.g.
· current requirements allow to deal with interferers that are the same strong as the serving cell,

· in the eICIC context, the relative signal strength depends on how much the cell selection approach deviates from the traditional RSRP-based cell selection, where a significant deviation may occur, for example, with CSG femto deployments or cell range expansion (still under evaluation in RAN1).
In the case of CSG deployments, the strongest interferer is the CSG femto cell which is likely to be loaded significantly less than a macro cell, i.e. the collision probability with the femto transmissions is likely to be low and thus the need for ABS subframes with such deployments is likely to be less than with pico cell deployments. Furthermore, power setting control mechanisms, which RAN4 is currently working on, will make it possible to further reduce the interference from CSG cells.
In the case of pico deployments, the current RAN4 assumption is that no CRE is used and thus the issue with a strong macro interferer is not more common than with heterogeneous deployments. The use case of ABS in the currently agreed scenarios is therefore mainly limited to improving the cell edge performance (e.g. the 5%-ile of UEs), which is equally applicable for both macro and pico UEs. Considering that 5% of the worst UEs require slightly more resources due to worse channel quality, the maximum blanking rate (at either pico eNodeB or macro eNodeB) may be more than 5% but shall not exceed 10-15%, which would be an extreme case with the currently agreed scenarios. 
Example: With RSRP-based cell selection in one of the typical scenarios [5] studied in RAN1 (configuration #4a with 4 pico nodes per macro area) the total pico user share relative to all users is 17.8% [4]. In this scenario, the blanking rate of 15% at a macro cell means that all pico UEs, even with a good channel quality, will be scheduled during ABS subframes configured at the macro layer and the rest of the time the pico cell will be silent. These 15% of resources are, on the other hand, taken away from macro cells which may need those resources since the channel quality is typically worse in macro cells and the cells have a larger coverage area. The likely outcome in this example is the system capacity loss compared to when no resources are blanked at the macro layer.
To summarize, the above implies less need for configuring ABS (i.e. relatively fewer ABS subframes  are required) when CRE is not used because
· at moderate and high network loads, configuring many ABS will result in a significant network capacity loss, and

· at low network loads, the collision probability with other transmissions is low, any way,

· without CRE (the current RAN4 assumption), the issue with the unbalanced received power, i.e. when the interferer is much stronger than the serving cell, is least likely to occur.
Based on the observations above, it is proposed that RAN4 focuses on sparse measurement patterns and both the system and the UE performance impact have to be taken into account. Furthermore, it is proposed that RAN4 considers few candidate patterns for evaluation before finalizing the patterns to be used for the requirements. These candidate patterns are to be selected based on their feasibility from the system point of view. The aim of the evaluation should be to check their feasibility from the UE implementation perspective e.g. number of subframes and their periodicity required to meet the requirements without significantly impact the power consumption. 

For the RAN4 evaluation, we propose that patterns shall consist of repeating segments of 8 or 16 subframes for FDD and 10 or 20 subframes for TDD. For FDD, the set of sparse measurement patterns could thus be patterns with blanking rate (=1/8 or (=2/8. For TDD, the pattern blanking rate shall be defined with respect to the DL subframes, which are fewer per radio frame in TDD and are specific to UL/DL configuration. Therefore, the blanking rate can be in general denoted as (=1/x, (=2/x, etc., where x is the number of DL subframes according to the UL/DL configuration [TS 36. 211], e.g. one subframe for UE DL measurements per radio frame corresponds to

· (=1/4 for UL/DL configuration #1,

· (=1/6 for UL/DL configuration #2,

· (=1/6 for UL/DL configuration #3,

· (=1/7 for UL/DL configuration #4, 

· (=1/8 for UL/DL configuration #5.
2.5 Pattern blanking density
The pattern blanking density relates to how many consecutive subframes are blanked. 
· Proposal 3: Focus on regular patterns with blanking rate ((2/8 (for FDD) and ((2/x (for TDD). It is also important to account for both the system and UE performance and not limit the evaluations to a single pattern.
Table 1 illustrates pattern examples with different blanking options described by combinations ((,(), where ( is the blanking rate, and ( is the number of consecutive blanked subframes.
Table 2. Example patterns for different combinations ((,() 

	
	((,()
	Measurement patterns

	FDD
	((=1/8, (=1)

   ((=2/16, (=2) (*)
((=2/8, (=2)

 ((=2/8, (=1)
((=4/8, (=1)

((=4/8, (=2)

((=4/8, (=4)
	[ 10000000, … ]
[ 11000000 00000000, … ]
[ 11000000, … ]
[ 10001000, … ]
[ 10101010, … ]
[ 11001100, … ]
[ 11110000, … ]

	TDD
	((=1/x, (=1)
  ((=2/2x, (=2) (*)
((=2/x, (=2)

((=2/x, (=1)
	[ 1000000000, … ]
[ 0000110000  0000000000, … ] (**)
[ 0000110000, … ] (**)
[ 1000010000, … ]

	Notation:

in red – the patterns proposed for eICIC evaluations
(*) – the blanking rate (=2/16 is equivalent to (=1/8, and (=2/2x is equivalent to (=1/x

(**) – the pattern needs to be one-subframe shifted for UL/DL configuration #3)


2.6 Specifying requirements with measurement patterns

With eICIC, the number of measurement occasions becomes restricted, which has been the case e.g. for TDD. In terms of the number of subframes available for UE measurements, it is reasonable to assume that the new requirements would be somewhat similar to those that currently apply for TDD UL/DL configurations #0. However, it is emphasized that the current requirements apply for all FDD and TDD configurations. The new requirements shall be generic, but the applicability conditions shall be specified in terms of the minimum pattern blanking rate and the number of available subframes, e.g. “the requirements shall apply for all measurement patterns with ((2/20 with at least 2 consecutive subframes available for measurements”.
2.6.1 RRM

For intra-frequency cell reselection, the UE performs the cell detection and RSRP/RSRQ measurements. Configuring ABS subframes has no impact on PSS/SSS and CRS transmissions, i.e. the signals are always transmitted. Configuring measurement patterns is intended to help the UE to avoid measuring in subframes with unfavourable interference conditions. In a synchronous network, PSS/SSS in a cell always collide with the same cells’ PSS/SSS, e.g. the interference conditions will not change with introducing measurement patterns, with or without using CRE. In an asynchronous network or in a network with shifted subframes, the interference levels may change but the unbalanced power issue does not occur unless CRE is used. The impact of using ABS patterns on the requirements shall thus be further discussed and an impact is identified then it is proposed to further evaluate side conditions at which the requirements shall be met.
In the IDLE state or in the CONNECTED state when the DRX is used, the impact of the configured measurement patterns on the UE energy consumption needs to be also accounted for when selecting the suitable patterns for setting the requirements.
2.6.2 RLM requirements
RLM measurements are performed in the CONNECTED state during which the UE performs measurements on CRS. With the current requirements, the physical layer in the UE shall assess the radio link quality every radio frame (in non-DRX mode operation) or at least once every DRX period (in DRX mode). 

According to the current requirements the UE shall report to higher layers out-of-synch and in-synch indicators when the link quality estimated over a certain period becomes worse or better, respectively, than a given threshold. The evaluation time intervals are 200 ms and 100 ms, respectively, without DRX. With DRX, the evaluation intervals are defined as a function of DRX cycle length.

The number of sub-frames (e.g. in every frame or over the evaluation period) used for assessing the radio link quality is not specified. Typically the UE implementation may use 1 or more consecutive subframes every frame.  Thus it may be preferable for the UE e.g. for RRM and CSI measurements to perform measurements on consecutive subframes, .e.g. in measurement patterns with ((=2/16, (=2). However, new measurement samples in some subframes then may be not possible to obtain for the RLM evaluation. Hence, these aspects of the RLM requirements need further studies.
2.6.3 CSI reporting requirements

The channel state information reporting requirements include CQI, RI, and PMI reporting requirements. The current requirements do not specify the measurement period but only the reporting interval. The requirements are tested for 5 ms reporting periodicity for CQI and RI, both for FDD and TDD with UL/DL configuration #2 (with 3 DL subframes every 5 ms). For PMI tests, the current reporting periodicity is 1 ms, both for FDD and TDD, with UL/DL configuration #1 (with 3 DL subframes every 5 ms) for TDD. The reporting capability may thus be used also with eICIC, at least with the proposed measurement patterns. However, this does not directly imply that the UE can meet the requirements with eICIC measurement patterns, which therefore needs to be studied separately.

It is preferable that the same patterns are used for CSI requirements as for RRM/RLM requirements. However, this needs detailed analysis of all the CSI requirements.  

The CSI reporting is part of the performance requirements whereas RRM requirements are the core requirements. Hence, RAN4 should prioritize the work on the core requirements. The CSI studies can be, however, studied in the upcoming meetings in parallel with the core requirements. 

3. Summary
In the current contribution, we have only addressed intra-frequency requirements for RRM/RLM and CSI measurements. However, it is also important to start looking into the impact of eICIC measurement patterns on inter-frequency requirements.

For intra-frequency requirements studies, the proposals are as follows.

· Proposal 1:  The RAN4 intra-frequency requirements for eICIC should be defined for all possible TDD UL/DL configurations, which are feasible from the UE power consumption point of view.
· Proposal 2:  Assume that the measurement pattern does not change over the measurement time interval.
· Proposal 3:  Focus on regular patterns with blanking rate ((2/8 (for FDD) and ((2/x (for TDD). It is also important to account for both the system and UE performance and not limit the evaluation to a single pattern. The proposed patterns for the evalution are
· For FDD: ((=1/8, (=1), ((=2/16, (=2), ((=2/8, (=2),

· For TDD: ((=1/x, (=1), ((=2/2x, (=2), ((=2/x, (=2).
· Proposal 4: Preferably, the same patterns are used for CSI requirements as for RRM/RLM requirements.
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