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1. Introduction
During RAN4#21bis in Sophia Antipolis initial discussion took place on establishing a work plan for defining RRM requirements for inclusion in TR36.801 [3]

 REF _Ref165433012 \r \h 
[4]. As part of this it was agreed that Motorola would start the discussion on RRM simulation assumptions.

This document discusses the approach and framework to assess LTE cell search and measurement performance with a view to then define both general requirements and test cases. 

It is proposed that the contents of this document are discussed and a way forward is agreed. The results of these discussions should be incorporated where possible to TR36.801 [1] to enable further progress. 
2. Reference Scenario Assumptions

In order to assess achievable cell search and measurement performance, it is necessary to specify the configuration of the simulated cells, plus the parameters used to define the simulated network geometry. This is discussed in detail in the sections which follow.
2.1. System Configuration Parameters
2.1.1. Synchronous vs. Asynchronous Network Operation

Even in networks which are nominally asynchronous, co-located cells (i.e. sectors of the same site) are synchronous. This assumption is reflected in the orthogonal sequence structure applied to cell-specific reference signals. Inter-site asynchronism generally represents, however, the most difficult scenario for LTE initial and non-initial cell search operation. In this mode, UE’s are required to observe a larger span of candidate delays within which to identify new cells, and have fewer options to suppress inter-site interference when making measurements.
Accordingly, it is proposed that at least the initial performance specifications related to cell search be based on asynchronous sites comprising 3-sector synchronous cells.
2.1.2. Configuration of Synchronization Signals and Reference Signals
RAN1 has not yet concluded on the final details of the design of the Primary Synchronization Signal (PSS) and Secondary Synchronization Signal (SSS), although it is possible to state [5] that each of the 3 specified PSS’s should possess a non-repetitive Zadoff Chu structure, while each of the 170 basic SSS’s indicating the cell group identity (neglecting signalling of the P-BCH transmit diversity state) should be based on a binary alphabet comprising a combination of two sequences. The combination of PSS and SSS establishes the cell identity.
In most deployment models considered with respect to the current SCH structure, each PSS is typically associated with one sector of each site, while a single SSS is associated with the site and is therefore common to all three PSS’s. It is proposed that this reference configuration, although not normative, be reflected in the definition of test configurations. The specific indices of the SSS’s used to identify candidate cells in test configurations should be determined after the method of generating the SSS is fully specified.
2.1.3. Neighbour List Configuration

RAN2 has recently concluded that cell measurements in RRC_IDLE and RRC_CONNECTED mode should be feasible without the provisioning of a neighbour list by any network cells. Since the absence of neighbour cell information represents the most challenging environment for UE’s, it is proposed that this be adopted as the baseline configuration for performance assessment.
RAN2 has also adopted the “black list” concept, in which the identities of specific cells are indicated by eNB’s as disallowed for the purpose of mobility measurement event generation or reporting. Proper execution of this function should be validated from the perspective of protocol conformance, but unless a large number of cells are black listed, the impact on cell identification and measurement performance would seem to be minimal and accordingly, this need not be included in an initial set of performance (rather than functional) requirements. Verification of UE compliance to black list requirements is for further study, it may be sufficient to verify these within a test case.
At the same time, the concept of a “white list” – i.e. a set of cells identified by the network to the UE for the nominal purpose of accelerating cell identification and measurement performance for specific cells – could conceivably have impact on performance, depending on the UE mobility profile and possibly the identities of the cells specified for test purposes. It is important to establish whether the provisioning of white lists enhances performance. 

2.1.4. Inter-frequency Cell Identification Configuration

It has been agreed in RAN2 that inter-frequency mobility measurements should be conducted in combination with specified measurement gaps, although the means of specifying the occasion and duration of such gaps has not yet been determined. Nevertheless, for the inter-frequency measurement case, asynchronous operation appears to remain the most challenging case, and it is proposed that this be adopted as the reference configuration for inter-frequency test specification as well as for the intra-frequency case. Test configurations for the inter-frequency case should be established after RAN2 has concluded its work on inter-frequency measurement gaps.
2.1.5. SCH Transmit Diversity

RAN1 has adopted the precoding vector switching (PVS) approach for the case where the eNB supports transmit diversity. The use of PVS is designed, however, to be transparent to the UE and so may not be a high priority for initial performance validation. Accordingly, it is proposed that this element be neglected in an initial performance specification.
2.1.6. P-BCH Configuration and Validation
RAN2 has not yet identified a specific requirement that UE’s should be able to decode the P-BCH prior to reporting the identity of, or a measurement on, a target cell. Accordingly, for the present, it is proposed that performance specifications are not based on a requirement to decode the P-BCH in order to qualify a cell for measurement.
2.1.7. RS Presence and “Boosting”
For the purpose of identifying a cell during initial and non-initial cell search it is not necessary for the UE to examine the reference signals transmitted by a cell. Some UE implementations may, however, choose to access such reference signals in order to validate the P/S-SCH indicated cell identity. Further, reference signal RS0 is at least necessary for RSRP measurement purposes. Accordingly, it is proposed that for all test configurations, RS0 is transmitted in all RS0-specified resource element locations. It is further proposed that, at least for the initial test specification, the presence of a second eNB transmit antenna supporting RS1 transmission need not be supported.
RAN1 is still working to clearly specify the energy per resource element for reference signals with respect to data symbols. For performance assessment work, it is proposed that initially the energy per reference signal resource element be specified to have the same value as the energy per data symbol resource element. This assumption can of course be revised following further work in RAN1.
2.1.8. Impact of DRX
DRX parameters are currently not specified in detail by RAN2. Nevertheless, for the purposes of intra-cell measurement performance in the RRC_CONNECTED state, primary purpose of performance assessment when DRX is active would be to ensure the UE is performing compliant measurements when presented with the opportunity for enhanced low-power operation. It is proposed that this consideration be deferred until a subsequent phase of performance specification. For RRC_IDLE, DRX is not expected to have major impact.
2.2. Reference Simulation Scenario
It is proposed to establish the reference test requirements using the following process:
1. Identify cell configurations – identify the cell parameters for all the cells to be presented to the UE under test.
2. Identify a reference network scenario – identify a small number (ideally one) of network configurations suitable for identifying, via simulation, the number of neighbour or candidate cells, cell geometry, relative synchronisation etc.
3. Analyse performance – the parameters from preceding phases are used to perform link-level simulations. The output of this analysis will be used to establish the performance requirements.
4. Specify general requirements
5. Specify relevant tests – to verify UE compliance against general requirement.

2.2.1. Reference Cell Configuration Parameters
Given the discussion above, an initial reference configuration comprising a serving cell and a number of candidate cells 

1. Channel bandwidth – a single carrier bandwidth of 10MHz shall be used for the serving and candidate cells.

2. Cell power level – the power of the serving and candidate cells shall be specified in terms of PSS subcarrier signal to noise ratio. 

a. The cell power level shall be specified in terms of the PSS Energy per Resource Element (EPRE) to noise power spectral density, or 
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. A final convention will need to be set whenever a conclusion is reached in RAN1 on the suitability of EPRE or another similar technique. As part of this a model for the PDSCH load in both time- and frequency- domains needs to be established.
b. For the present, it will be assumed that all resource elements – whether assigned to SSS, RS, PDCCH, PDSCH, CCPCH etc. – should be transmitted by the serving and candidate cells at the same EPRE as the PSS. Similarly, QPSK random modulated data shall be used on any unallocated RBs not associated the previously mentioned physical channels at the same EPRE as the PSS.
3. Cell physical channel configuration – All cells shall support properly configured PSS, SSS, P-BCH and RS scrambling sequences according to the assigned cell identities.
4. CP length – a normal CP length shall be configured for all subframes transmitted by all cells.

5. DRX – no DRX configured.

6. Transmit diversity – single eNB antenna transmission of PSS and SSS and CCPCH shall be used for the serving cell and interfering cells.

2.2.2. Propagation Channel Model
The channel model applicable to both serving and candidate cells shall be AWGN for initial conformance testing. Later testing based on fading channels is for further study.

2.2.3. Scenario Geometry

Depending on the purpose of the simulation/test to be performed, LTE cells may be modeled differently: 

- 
LTE cells to be detected – These cells will be modeled according to section 1.1.1 whenever these cells need to be detected. In such a case representative timing and frequency offsets shall be used to accurately model asynchronous scenarios. Those cells belonging to the same site use orthogonal pilot sequences and are synchronized.

· Additional interference - AWGN to model any group of weak, asynchronous cells acting as interferers.

2.3. Baseline simulation scenario

A scenario is proposed to investigate LTE cell identification and measurement performance. This scenario contains a number of equal-power LTE cells received at the UE antenna connector. The relevant scenario parameters are summarized in Table 1. Some of these parameters are explained in further detail in the points below.
1. Number of candidate cells – the maximum number of candidate cells is expected to be approximately 8, but a final number of candidate cells should be determined from the reference network configuration defined below, where 3 possible values are proposed to be considered. 

2. Collocated cells vs non-collocated cells – The scenario assumes a 3-sector deployment where cells from the same site are synchronized and use 3 different orthogonal RS sequences. A convention has been adopted to differentiate collocated from non-collocated cells. Each cell is tagged by a letter representing the site and a number representing both the sector and the LTE code group, e.g. B2 is site B and sector 2.

3. Relative delay of candidate cells –Non-collocated cells shall be mutually asynchronous. The relative delay shall be uniformly distributed in delay w.r.t. to the serving cell between 0ms and 5ms.

	Parameter
	Value

	Cell Reference Parameters
	See section 1.1.1. 

	Channel bandwidth
	10MHz for all cells

	Time synchronisation
	Collocated cells are synchronous (e.g. A1 and A2). 
Non collocated cells are asynchronous (e.g. A1 and B1).

	eNodeB Tx diversity
	Not present

	UE Rx diversity
	Both UE Rx antenna ports connected to the same signal.

	Propagation conditions
	AWGN

	Cell list
	No cell list.

	Interference from other cells
	-( (no interference)

	Number  of cells N
	6
	A1, A2, B1, B2, C1, C2 

(3 sites, 2 sectors per site)

	
	8
	A1, A2, A3, B1, B2, B3, C1, C2

(2 sites with 3 sectors, 1 site with 2 sectors)

	
	10
	A1, A2, A3, B1, B2, B3, C1, C2, D1, D2
(2 sites with 3 sectors, 2 sites with 2 sectors)

	Candidate cell identities
	To be specified upon completion of PSS and SSS definition
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	-10 * log10 (N)
(all cells have equal level)


Table 1 - Simulation assumptions for assessing LTE Cell Identification and Measurement performance

2.4. Proposed way forward
2.4.1. Intra-frequency RRC_CONNECTED
It is proposed that RAN4 investigates the intra-frequency cell identification and measurement requirements first, in the following order:
1. Perform initial assessment on the scenario in Table 1, section 2.3. Agree a number of LTE cells N that can be simultaneously detected and measured reliably.
2. Assess and agree the minimum cell signal strength 
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for which an LTE cell must be detected. Refined initial assessment scenario for this purpose if needed.
3. Assess and agree the associated cell identification delay
4. Determine the accuracy requirements RSRP, LTE carrier RSSI and any other required signal strength metric.
2.4.2. Inter-Frequency RRC_CONNECTED
Inter-frequency performance may be further limited by the availability of inter-frequency monitoring periods. It is proposed to consider a potentially more relaxed specification than for the intra-frequency case. This requirement should be assessed when the following information becomes available:
· An equivalent intra-frequency requirement has been agreed

· The inter-frequency monitoring gap mechanism has been fully specified
2.4.3. Other areas requiring progress
In order to progress RRM and link-level LTE performance specifications we recommend that a convention be established in the following areas:

1. Terminology to specify cell geometry in simulation and test scenarios

2. A model to simulate LTE cell load on PDSCH, similar to OCNS in UMTS in TS25.101 and 25.133.
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