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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. 

The focus of this paper is the system-level assumptions for evaluating the impact of the time-domain eICIC approach on RRM and RLF requirements.
2. The impact of TDM eICIC on RRM/RLM requirements
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 consecutive subframes available for measurements, as discussed in [3]. Furthermore, side conditions have to be evaluated for the agreed scenarios.
However, as has been indicated by a number of companies [4,5,6] and has also been discussed in [3] in the context of analysis of measurement patterns to be selected for the RAN4 evaluations, the impact of the time domain solution on RRM/RLM requirements cannot be studied and concluded based on link-level simulations only, e.g. without taking into account
· the expected signal levels in typical scenarios,
· the system performance impact which will ultimately decide the use cases of the time domain eICIC approach and typical measurement patterns,

· robustness of control and broadcast channel performance,
· cell detection / synchronization signal measurements,
· paging, system information decoding, etc.
Otherwise, there is a risk of standardizing requirements that will lead to incomplete and unstable network solutions that may degrade the overall system performance.
Proposal. The following way forward is proposed for defining requirements to enable eICIC,
1. Select candidate ABS patterns based on their relevance from the system point of view;
2. Agree on system-level assumptions and obtain typical signal levels for the agreed scenarios based on the acceptable system-level performance;
3. RRM/RLM evaluations

· agree on link-level assumptions,

· provide link-level results, 
· summarize results for intra-frequency, inter-frequency, inter-RAT requirements, for the CONNECTED and IDLE states;
4. CSI evaluations

· agree on link-level assumptions,

· provide link-level results,
· summarize results for CSI requirements.
It is also natural to assume that both macro and pico UEs are equally important in these evaluations, i.e. performance of both shall be accounted for. Furthermore, without CRE, ABS may be equally well suited in macro and pico cells, i.e. for the purpose load balancing.
3. On interference conditions for RRM/RLM measurements
For RRM measurements, for each detected cell the UE performs RSRP and RSRQ measurements over 200 ms. During this time, the UE typically performs measurements every 40 ms, each time over one or more subframes which is not specified by the standard and thus implementation-specific. For Rel-8/9 UEs it is reasonable to assume that measured subframe(s) are selected randomly within every 40 ms, which means that with some probability, the UE can measure in ABS and in non-ABS subframes. The two measurement probabilities, PABS and Pnon-ABS, depend on the pattern blanking rate ( [3], where (=0 corresponds to the case with no ABS configured i.e. PABS=0. Rel-8/9 UEs do not have information about the patterns, and the interference may thus vary depending on which subframes are chosen by the UE for measurements. In these subframes, the interference components for CRS-based measurements are 

· CRS transmissions from colliding CRS from cells with the same CRS frequency shift as in the measured cell,
· non-CRS transmissions from cells with the CRS frequency different from that in the measured cell.
In cells with configured ABS, data transmissions are suppressed, i.e. the second interference component is not present from some cells (as indicated in Section 2, these cells can be macro or pico cells), which results in varying interference levels in different measured subframes. When ABSs are not MBSFN, the first interference component is unchanged. However, if ABSs are configured in MBSFN subframes not transmitting MBMS data, the first interference component is suppressed in the data region of these subframes in cells using such ABS configuration, but in this case the measurement occasions on CRS in the corresponding cells reduces as well.
Rel-8/9 are likely to suffer the most from varying interference due to configuring ABS in some cells, even when one ABS pattern is used in the network. The impact is at minimum when all subframes are configured as ABS subframes in the same cells and when at the same time occasional measuring subframes suffering from signals/channels (e.g. PBCH or PSS/SSS) that are still transmitted in ABSs can be avoided. The interference from CRS will still, however, be present, but the issue shall not be crucial, unless CRE applies.
When a single ABS pattern is used, configuring measurement pattern for Rel-10 UEs is rather straightforward. However, in practice ABS patterns are likely to vary also among the cells, which makes configuring measurement patterns more challenging, i.e., Rel-10 UEs may also suffer form the varying interference, depending on how accurate measurements are configured and where the latter is a trade-off between the available measurement occasions and minimizing the impact of varying interference.
Varying interference over the measured subframes as well as the interference levels have a direct impact on the measurement requirements. Another impact on RRM and RLF measurements is possibly reduced number of measurement occasions, depending on the measurement pattern, discussed e.g. in [3]. However, there are also system impacts, e.g. reselection to a wrong cell, which may in turn result in higher RLF rate and more handovers in the system.
4. System-level assumptions

In Table 1, we propose system-level simulation assumptions for obtaining typical signal levels. Most of the parameters are as specified in [TS 36.814] for the corresponding macro-pico scenario and the hotspot configuration and are therefore not listed in the table. The baseline scenario for comparison shall be when ABSs are not configured. For the case when ABSs are configured, both Rel-8/9 and Rel-10 UE performance shall be assessed.
Table 1. System-level assumptions

	Parameter
	Setting(*)
	Note

	Hotspot configuration
	#4b with 4 pico nodes per macro area
	[TS 36.814]

	PCI
	Random, i.e. no planning
	

	ISD
	500 m (Case 1), 1732 (Case 3)
	

	Maximum eNB transmit power

· Macro  

· Pico
	· 46 dBm

· 24 dBm
	

	Network synchronization
	Frame-aligned
	

	System bandwidth
	10 MHz
	

	Measurement bandwidth
	6 RBs, 50 RBs
	

	Carrier frequency
	2 GHz
	

	Cyclic prefix
	Normal
	

	Channel model, UE speed
	ETU, 3 km/h
	

	Number of TX ( RX antennas 
· Macro 

· Pico 
	· 2 ( 2

· 2 ( 2
	

	Antenna configuration

· Macro

· Pico
· UE
	· [TS 36.814], 10( tilt (Case 1), 6( tilt (Case 3)
· [TS 36.814], omni, 5 dBi
· [TS 36.814], omni, 0 dBi
	

	 ABS at macro layer (same for all cells) and UE measurement pattern (same for all UEs)
	· FDD: [ 10000000, … ], [ 11000000, … ]
· TDD: [ 1000000000, … ], [ 0000110000, … ]
	

	CRS
	· No CRS interference in data region (ideal case)
· CRS, 2 tx antenna ports
	

	DRX
	OFF
	

	Max cell selection offset
	6 dB
	

	UE receiver
	Rel-8/9 baseline
	

	Traffic
	Non-full buffer, high load in the network
	

	RSRP/RSRQ measurement period
	· Fixed time: 200 ms
	

	Measurement sampling rate
	· UE implementation specific
	e.g.: 1measurement sample every 40 ms

	RLF evaluation periods
	· Fixed time: out of sync = 200 ms and in sync = 100 ms
	


(*) – Apply for all cells, unless explicitly stated
For each candidate pattern and for ABS and non-ABS subframes separately, it is proposed to study the following performance indicators in relation to the RRM/RLM requirements:

· Mean, 5%-ile and 95%-ile for CRS Ês/Iot (or CRS SINR) in the control region and data region for 

· macro UEs,
· pico UEs,

· all UEs,
· Mean, 5%-ile and 95%-ile for RSRP for

· macro UEs,

· pico UEs,

· all UEs,

· Mean and 5%-ile for Ês/Iot control channels
· macro UEs,

· pico UEs,

· all UEs,

· Mean and 5%-ile for UE throughput for
· macro UEs,

· pico UEs,

· all UEs,

· Mean cell throughput for
· macro cells,

· pico cells,
· Ratio of dropped UEs, excluded from the statistics above got
· dropped macro UEs out of all macro UEs,

· dropped pico UEs out of all pico UEs.

5. Summary
Proposal 1: The following way forward is thus proposed for defining requirements to enable eICIC,
1. Select candidate ABS patterns based on their relevance from the system point of view;

2. Agree on system-level assumptions and obtain typical signal levels for the agreed scenarios based on the acceptable system-level performance;
3. RRM/RLM evaluations

· agree on link-level assumptions,

· provide link-level results,

· summarize results for intra-frequency, inter-frequency, inter-RAT requirements, for the CONNECTED and IDLE states;

4. CSI evaluations

· agree on link-level assumptions,

· provide link-level results,
· summarize results for CSI requirements.
In this meeting, it is expected that RAN4 may agree on a limited set of patterns and assumptions for system studies (see steps 1 and 2). Then, in the later meetings, RAN4 can poceeds with 3 and 4.
Proposal 2: Agree on the set of system-level simulation assumptions for evaluating the impact TDM on eICIC requirements. The proposed assumptions are summarized in Table 1.
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