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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The problem with narrow RSRQ measurement bandwidth in particular network deployment scenarios was first addressed at the RAN4#60 meeting [1]. At the RAN4#63 we had contributions where we showed that one may do off-centre narrow-band measurements as an alternative to increase the measurement bandwidth [2], [3]. Other companies also provided results but with increased measurement bandwidth. A way forward was agreed [4], and at RAN4#63AH we provided a proposal on network-triggers for both idle mode and connected mode scenarios [9].
In this contribution we provide further details about the proposed solution for the network-controlled mechanism that triggers the UE to make RSRQ measurements over a wider bandwidth.
RSRQ Measurements over Wider Bandwidth
Mechanism in Network-Controlled Mobility
In network-controlled mobility (RRC_CONNECTED, CELL_DCH) the measurements are controlled directly by the network. The UE is configured with measurement objects that carry information on which carrier to conduct measurements on, as well as information on allowed measurement bandwidth for neighbour cells. The allowed measurement bandwidth is either 6, 15, 25, 50, 75 or 100 resource blocks. It is present in the MeasObjectEUTRA information element (E-UTRA) [5] as well as in the E-UTRA frequency list (UTRA FDD CELL_DCH) [6]. The allowed measurement bandwidth indicates the maximum bandwidth over which it is relevant to consider RSRQ. However, for legacy terminals the only mandated UE requirements are specified for measurement bandwidth for the central 6 resource blocks; UE requirements for wider measurement bandwidth (e.g. 50 resource blocks) is optional according to [7].
For triggering of measurement of RSRQ over wider bandwidth we propose that each measurement object is extended by an information element that contains up to two additional frequencies f1 and f2, differing from the central carrier frequency by multiples of 300 kHz, which is multiple of both channel raster (100 KHz) and subcarrier spacing (15 KHz). If this information element (IE) is present, the UE shall consider also the received signal quality around those frequencies in addition to the signal quality around the central carrier. The purpose of IE and UE action upon receiving this IE can be specified in the relevant RRC specification [5] [6]. Alternatively one can think of signalling this IE (i.e. containing f1 and f2) as well as an explicit 1 bit indicator informing the UE when it should trigger the RSRQ measurement over wider bandwidth. However the signalling of only the IE containing f1 and f2 reduces overheads so we prefer this approach. The requirement on the multiple of 300 kHz is due to that the frequency around which received signal quality is to be evaluated shall correspond to a subcarrier in the E-UTRA system.
Proposal 1: Measurement objects are extended by an optional information element carrying up to two frequencies at multiples of 300 kHz offset to the centre carrier, around which the UE is to evaluate the received signal quality in addition to evaluating it around the centre carrier. If not present, it is enough for the UE to evaluate received signal quality around the central 6 RBs.
The frequencies f1 and f2 may be stated as EARFCNs but may in fact represent ARFCNs and/or UARFCNs. It is merely a means for the network to indicate to the UE around which frequencies to do measurements.
Proposal 2: The frequencies in the optional information element are stated as EARFCNs, although each of them may represent a carrier frequency of any radio access technology, broadcasting system, or other kind of interference.
The network shall configure allowed measurement bandwidth, f1 and f2 (if present) such that f1 ± 3 RBs and f2 ± 3RBs are within the allowed measurement bandwidth.
Proposal 3: The frequencies in the optional information element shall be configured in such way that each of them is at least 540 kHz (3RBs) inside the allowed measurement bandwidth.
It is up to the network implementation whether to enable and disable RSRQ measurements over a wider bandwidth depending on location of the UE (close to cell border, at centre of cell, close to interfering source, far away from interfering source, etc). The UE is mandated to carry out measurements as indicated by the network, i.e., to consider received signal quality around the indicated frequencies.
Proposal 4: In network-controlled mobility the UE is mandated to consider received signal quality around the frequencies indicated by the network in the measurement object, i.e., it is fully network-triggered.  
Mechanism in UE-controlled mobility
[bookmark: _Toc311900498]In UE-controlled mobility (RRC_Idle, Idle mode, URA_PCH, Cell_PCH, Cell_FACH), the UE is provided with information about intra-frequency, inter-frequency and inter-RAT neighbours via broadcasted system information. This system information also carries information about allowed measurement bandwidth for neighbour E-UTRA cells.
The relevant information in E-UTRA for cell reselection towards E-UTRA cells is provided in system information blocks 3 and 5 for intra- and inter-frequency measurements, respectively [5]. Corresponding information in UTRA for cell reselection towards an E-UTRA cell is provided in system information block 19 [6].
For triggering of measurement of RSRQ over wider bandwidth we propose that system information is extended by an optional information element per listed E-UTRA neighbour carrier, that contains up to two additional frequencies f1 and f2, differing from the central carrier frequency by multiples of 300 kHz. If this information element is present, the UE also has to measure the received signal quality around those frequencies in addition to the signal quality around the central carrier. The requirement on the multiple of 300 kHz is due to that the frequency around which received signal quality is to be evaluated shall correspond to a subcarrier in the E-UTRA system.
Proposal 5: System information on each neighbour E-UTRA carriers is extended by an optional information element carrying up to two frequencies at multiples of 300 kHz offset to the centre carrier, around which the UE ha to evaluate the received signal quality in addition to evaluating it around the centre carrier. If not present, it is enough for the UE to evaluate received signal quality around the central 6 RBs.
Similar to above, the frequencies f1 and f2 may be stated as EARFCNs but may in fact represent ARFCNs and/or UARFCNs. It is merely a means for the network to indicate to the UE around which frequencies to do measurements. The network shall configure allowed measurement bandwidth, f1 and f2 (if present) such that f1 ± 3 RBs and f2 ± 3 RBs are within the allowed measurement bandwidth.
Since there is no dedicated signalling regarding measurements in UE-controlled mobility scenarios it is proposed that the UE is allowed to optimize the usage of narrow or wide RSRQ measurements. That is: the optional information element is used as an indication to the UE that it has to evaluate RSRQ also outside the central carrier.  
Proposal 6: In UE-controlled mobility the UE is also mandated to consider the received signal quality around the frequencies indicated by the network in the system information.  
Requirements on measurement reporting under network-controlled mobility
For network-controlled mobility by which the UE reports measurements to the network, it proposed that existing requirements on measurement accuracy, event detection time and cell detection time are to be followed.
Proposal 7: In network-controlled mobility scenarios existing requirements on measurement accuracy, event detection time and cell detection time shall apply also when RSRQ measurements are configured to be carried out over wider bandwidth.
Requirements on cell detection and re-selection under UE-controlled mobility
In UE-controlled mobility, by which it is the UE itself that reselects cells, it is proposed that existing requirements on cell detection and cell re-selection evaluation times are to be followed [7][8].
Proposal 8: In UE-controlled mobility scenarios existing requirements on cell detection and cell re-selection evaluation times are to be followed.
Summary of Proposals
The following has been proposed regarding network trigger and UE behaviour for RSRQ measurements over wider bandwidth:
Network-controlled mobility
Proposal 1: Measurement objects are extended by an optional information element carrying up to two frequencies at multiples of 300 kHz offset to the centre carrier, around which the UE is to evaluate the received signal quality in addition to evaluating it around the centre carrier. If not present, it is enough for the UE to evaluate received signal quality around the central 6 RBs.
Proposal 2: The frequencies in the optional information element are stated as EARFCNs, although each of them may represent a carrier frequency of any radio access technology, broadcasting system, or other kind of interference.
Proposal 3: The frequencies in the optional information element shall be configured in such way that each of them is at least 540 kHz (3RBs) inside the allowed measurement bandwidth.
Proposal 4: In network-controlled mobility the UE is mandated to consider received signal quality around the frequencies indicated by the network in the measurement object, i.e., it is fully network-triggered.  
UE-controlled mobility
Proposal 5: System information on each neighbour E-UTRA carriers is extended by an optional information element carrying up to two frequencies at multiples of 300 kHz offset to the centre carrier, around which the UE has to evaluate the received signal quality in addition to evaluating it around the centre carrier. If not present, it is enough for the UE to evaluate received signal quality around the central 6 RBs.
Proposal 6: In UE-controlled mobility the UE is also mandated to consider received signal quality around the frequencies indicated by the network in the system information.  
Requirements
Proposal 7: In network-controlled mobility scenarios existing requirements on measurement accuracy, event detection time and cell detection time shall apply also when RSRQ measurements are configured to be carried out over wider bandwidth.
Proposal 8: In UE-controlled mobility scenarios existing requirements on cell detection and cell re-selection evaluation times are to be followed.
Conclusions
We have provided a set of proposals on network trigger for measuring RSRQ over a wider bandwidth than the central 6 resource blocks. An LS to RAN2 for introducing necessary signalling to enable network triggered mechanism is preferably sent in this meeting (RAN4#64).
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