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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
Problem with narrow RSRQ measurement bandwidth in particular network deployment scenarios was addressed by NTT DOCOMO at the RAN4#60 meeting [1]. In brief the problem is that when for instance a 10 MHz LTE cell is overlapping 5+5 MHz WCDMA cells (e.g. two single carrier WCDMA cells or a dual carrier HSPA), and RSRQ measurements are carried out over the central 72 subcarriers (6 RBs) as allowed by the standard, this particular measurement would be carried out in the guard band between the two WCDMA cells. As a result the RSRQ would be overestimated considerably, hence indicating a more favourable interference scenario. Since RSRQ is used for handover decisions it would also have a negative impact on the mobility function.
The issue has been discussed during several meetings and at RAN4#62bis a Way Forward was agreed [2]. From system simulations it has been observed that:
· RSRQ measured over 6 RB is greater than RSRQ measured over the full bandwidth for 10 MHz LTE cell with 5+5 MHz interfering cells.
· Outbound handover from 10 MHz to 5+5MHz zone can be delayed due to late triggering, with consequences such as potentially increased radio link failure rate.
· For inbound handover there are indications that ping pong handovers increase if serving cell is measured over system bandwidth whereas neighbour cells are measured over narrow bandwidth (6 RBs).
· There are benefits with RSRQ measurement over wider bandwidth, but severity of problem when using smaller bandwidth depends on more factors such as parameterization, network load, etc.
Based on observations and discussions so far, companies were invited to contribute with proposals for RSRQ measurement bandwidth, within the following areas for further study:
· Whether to increase serving cell measurement bandwidth alone, or both serving and neighbour cell measurements
· If wider bandwidth is to be used, how does the UE determine which bandwidth to use for neighbour cell (it might not be signalled)
· Is it necessary to measure over full system bandwidth, or can some flexibility in bandwidth (but larger than 6 RBs) be allowed
· Is it necessary to mandate UEs to measure using wider bandwidth all the time
· Applicable release for any changes
· Simulation results where non-zero power in the guard band between the two interfering cells is assumed.
In this contribution we present an approach that does not require increased measurement, and also provide feedback on some more of the areas above. 
RSRQ Time Division Measurements
We propose an approach that does not require an increased measurement bandwidth but where instead the RSRQ is measured asymmetrically with respect to the centre frequency. The underlying problem is illustrated in Figure 1 where a 10 MHz LTE cell (Cell A) is overlapped in frequency by 5+5 MHz WCDMA cells (Cells B and C). A standard-compliant Rel8/9/10 legacy UE can measure RSRP and RSRQ over the central 72 subcarriers of cell A (Measurement alt 1) where for this network deployment scenario the interference from the neighbour cells B and C is low due to the guard band. If instead carrying out measurements off the centre frequency of cell A, such as according to measurement alternatives 2a and 2b, the true interference of the neighbour cells will be reflected by the RSRQ measurement.   

 


[bookmark: _Ref324450720]Figure 1: Example of 10 MHz LTE cell overlapped by 5+5 MHz WCDMA cells.

Loading of the neighbor cells – in this case the two WCDMA cells – may differ and to address this it is suggested to alternate between measurement alternatives 2a and 2b, respectively. If a legacy UE is carrying out RSRQ measurements with snapshots say every 40-60 ms according to measurement alternative 1, a UE that addresses this network deployment scenario would for instance take one snapshot according to measurement alternative 2a, then 40-60 ms later a snapshot according to measurement alternative 2b, and so on.  A benefit with this approach is that the FFT size used for measurements can be kept smaller than if extending the measured bandwidth. Given that in general several neighbor cells are measured periodically the FFT size has a non-negligible impact on the UE complexity (power and/or chip size and/or complexity in scheduling).    

Proposal 1: Regarding mitigations of handover problems in the network deployment scenario the UE shall be required to report an RSRQ that is taking into account the signal quality also the outside the central 72 subcarriers. As long as the UE fulfils the existing RSRQ measurement accuracy requirements the use of larger measurement bandwidth beyond 6 resource blocks shall not be standardized.

From requirement perspective it is also necessary to define how the nominal RSRQ is to be calculated in this network deployment scenario. Particularly it will differ depending on whether one considers e.g. measurement over half the system bandwidth or over the whole – the impact of the central 72 subcarriers will be different. Additionally an RSRQ that is measured off the centre frequency will be more conservative than an RSRQ measured over the half or the full bandwidth.

Proposal 2: It needs to be defined how the nominal RSRQ for the current kind of network deployment scenario is to be defined.

It is reasonable to assume that operators are aware of borders between e.g. 10 MHz and 5+5 MHz zones, hence the need for more elaborated RSRQ measurements than in Rel 8/9/10, such as those over an extended bandwidth or the off-centre sampling approach described in current contribution, would best be signaled by the network. Moreover if such need for more elaborate RSRQ measurements is signaled, it is also reasonable to request that the network provides information on which measurement bandwidth the UE is allowed (not mandated) to use for the intra-frequency neighbor cells. UE autonomous decision regarding when to measure outside the minimum allowed bandwidth is of course possible but requires a lot of UE effort and hence has impact on the UE complexity (power consumption and/or die size), particularly when taking into account that such blind detection would have to be done within existing time budgets for event detection and cell identification in [3]. Another possibility is that when measured bandwidth for RSRQ (see proposal 4) is signaled to the UE then the UE is required to measure RSRQ that takes into account the signal quality also the outside the central 72 subcarriers. 

Proposal 3: The need for RSRQ measurements outside the minimum allowed bandwidth (6 RBs) around the centre frequency shall be preferably signaled by the network or the need is determined when existing parameter with larger bandwidth is signaled to the UE.

Proposal 4: The measurement bandwidth that the UE is allowed (not mandated) to use when measuring neighboring cells shall be indicated by the network. This is based on the existing IE defined in [5] (i.e. AllowedMeasBandwidth).
  
Although the increase in UE complexity can be kept relatively low with this proposal (compared to mandating measurement over full bandwidth), it still has a non-negligible impact on the UE implementation. Not to interfere with current development we propose this to be applicable earliest to Release 11. 

Proposal 5: The new requirements on RSRQ measurements that takes signal quality also outside the central 72 subcarriers into account is proposed to be introduced in Release 11 or later.

The link simulation performance result for the outlined approach is presented in a related contribution [4].
Summary of Proposals
The following is proposed:
Proposal 1: Regarding mitigations of handover problems in the network deployment scenario the UE shall be mandated to report an RSRQ that is taking into account the signal quality also the outside the central 72 subcarriers. As long as the UE fulfils the RSRQ measurement accuracy requirements the bandwidth used shall not be standardized.

Proposal 2: It needs to be defined how the nominal RSRQ for the current kind of network deployment scenario is to be defined.

Proposal 3: The need for RSRQ measurements outside the minimum allowed bandwidth (6 RBs) around the centre frequency shall be preferably signaled by the network or the need is determined when existing parameter with larger bandwidth is signaled to the UE.

Proposal 4: The measurement bandwidth that the UE is allowed (not mandated) to use when measureing neighboring cells shall be indicated by the network. This is based on the existing IE defined in [5] (i.e. AllowedMeasBandwidth).

Proposal 5: The new requirements on RSRQ measurements that takes signal quality also outside the central 72 subcarriers into account is proposed to be introduced in Release 11 or later.
Conclusions
In this contribution we have outlined an alternative to increased measurement bandwidth to solve connected mode mobility issues for the particular network deployment scenario where one cell with large bandwidth is overlapped by two or more other cells with narrow bandwidth in a fashion that the guard band between the overlapping cells is positioned around the centre frequency. Instead of increasing the bandwidth, the UE can sample RSRQ off the centre frequency. We have also provided five proposals related to our approach and to open items in the WF document [2].
The link simulation performance result for the outlined approach is presented in a related contribution [4].
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