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1
Introduction
In previous RAN4 meetings some problems with the current RRM measurement model that only uses the center 6 RBs were raised [1],[2] and several ways to mitigate these problems were proposed.   

In this contribution we analyse the proposed enhancements and make some proposals on a possible WF. 
2
Discussion
The issue of enhancing RSRQ measurements by mandating a larger measurement BW has been discussed in several meetings and a few proposals have been made. In this paper we briefly discuss these proposals and present our preferences. First of all we would like to reiterate that the identified solution should be applicable to both idle and connected modes and for both intra-frequency and inter-frequency measurements. This enables a fair comparison between different cells and allows the network to make proper HO decisions. 

The discussion so far has concentrated on two aspects: triggering the wideband measurements and the actual measurement bandwidth. We will discuss these two aspects separately in the following sections.

2.1 Triggering

So far it seems that there is some consensus on the need to implement some sort of triggering mechanism to inform the UE that it should perform measurements on a wider BW and not only on the center 6 RBs.
For the triggering mechanism, 2 options have been proposed so far:
1. Network based triggering, UE performs wideband measurements whenever so instructed by the network
2. UE based triggering(e.g. RSRQ based triggering), UE performs wideband measurements only when the triggering condition is satisfied

On this issue, our opinion is that option 1 is more appropriate and leads to better system performance. Option 2 could have a potential to simplify the measurement and save some power(this would depend on the actual measurement BW and method implemented), however, in complicated deployments such as urban deployments with many cells it might be very difficult to set the triggering conditions appropriately and the UE might react too late to the trigger in order for the network to take advantage of the enhanced measurements. Option 1 is simpler to implement and manage on the network side.

2.2 Measurement Bandwidth

The measurement bandwidth is the main issue that has been discussed so far. All the proposals introduce wider measurement bandwidth, however, there are some differences in the bandwidth used and the way the measurements are performed. The proposals are summarized below:
1. Mandate the measurement bandwidth that is contained in AllowedMeasBandwidth information element

2. Mandate the channel measurement bandwidth as the measurement bandwidth

3. Mandate a measurement bandwidth that is wider than 6RBs but narrower than the channel bandwidth(e.g. 15RBs)

4. Mandate wideband measurements (signal bandwidth) but allow the actual measurement bandwidth to be 6RBs and average over multiple samples taken at different frequencies

5. Flexible measurements that can be performed on different bandwidths by signaling the frequency offsets where the measurement samples are taken. This measurement method has been proposed in [3],[4], [5]
Options 1 and 2 are very similar and could be merged if the AllowedMeasBandwidth is set to reflect the channel bandwidth used on the frequency to be measured. For inter-frequency measurements the UE has to be informed in some way of the channel bandwidth it should measure, this can be done through some explicit signaling or by setting the AllowedMeasBandwidth equal to the channel bandwidth and mandating the UE to perform measurements over the entire signaled bandwidth. It should be noted, however, that mandating the UE to always use wide bandwidth for measurements would greatly increase the complexity of the searcher and the power consumption. A solution that would allow the UE to perform measurements over a narrow band(6RBs) would be preferred. 
Option 3 would probably solve the problem described in [1],[2] but would not be applicable to other cases and would increase the measurement bandwidth.
Option 4 could potentially solve the problems in [1],[2] and allow the UE to perform measurements on a wider bandwidth with minimum increase of complexity. This option could be combined with Options1 or 2 to obtain enhanced measurement performance with a minimum increase of complexity. This time multiplexed measurement method was introduced in [6].
Option 5 has some commonality with Option 4 but it offers more flexibility and can support different deployment scenarios. This was discussed in [5] where it was shown that this method can solve the problems in [1],[2] and is also very effective in other deployments such as TDD with asynchronous adjacent carriers described in [7],[8]. We also mention that Option 5 also allows for narrow band measurements so the increase in complexity is very small. A brief explanation of this measurement method is included in the annex.
As stated in our previous papers, we prefer Option 5 as it enables good performance and versatility to accommodate different deployments with a minimum increase of complexity.

If option 5 is adopted, signaling of the frequency offsets has to be defined. To simplify the signaling the channel bandwidth could be quantized into a set of RBs(e.g. 12 RBs per group) and a bit map with the frequency positions where the measurements are to be taken could be signaled to the UE. For the case of 100RBs this would mean 7 bits per measurement object. Whether the UE should average among multiple samples obtained at different offsets could be implicitly signaled by the number of offsets contained in the configuration message. If the bitmap contains only 0s the UE could perform measurements in a “default mode” according to Rel.8 procedures/definition. For example, in the case of 100RBs channel bandwidth with 12RBs granularity, if the signaled bitmap is 0101010 the UE has to perform measurements at offsets of 25, 50 and 75, and average them to obtain a wideband measurement. If the bitmap is 0000010 then the UE has to perform measurements only at 75RB offset. A 7 bit per measurement object increase in overhead is very small considering the benefits. This measurement mechanism overcomes problems caused by uneven interference present inside the channel bandwidth, offers network control over the measurements with little or no impact on power consumption.

Proposal 1: Signal the frequency offsets where the UE should perform measurements.
The signaling of frequency offsets and narrowband/wideband measurements would have to be provided by the network. If the proposal is found acceptable an LS has to be send to RAN2. The signaling details would have to be worked out by RAN2 based on the RAN4 input.
Depending on which measurement method is adopted there will most likely be a need to define new accuracy requirements. It should be further discussed what would be the best way to define these requirements. We would like to point out that a measurement method that minimizes the increase in complexity is highly desirable.
2.3 RSRQ Definition and Implementation issues

In this section we present some considerations on the RSRQ definition and implementation issues, and make some proposals that could potentially reduce the implementation complexity for the case of wideband measurements. 

First we would like to point out that RSRP, which is part of the RSRQ computation, is constant in frequency (if we do not account for frequency selective fading that can be averaged) and, hence, it could be measured in any subband of the channel bandwidth. RSSI, however, is strongly dependent on the subband where the measurements are taken, and this variation actually triggered the entire discussion on the measurement bandwidth.  We would also like to point that the current RSRQ definition requires that RSRP and RSSI are measured over the same set of RBs, even though, as state above this is not totally necessary if the accuracy requirements are met.
We further note that the discussion so far has been around RSRQ wideband measurements, however, this could be reduced to just having wideband RSSI measurements. 

Another aspect of the RSSI measurements is the OFDM symbol where the measurements are taken. In Rel.10 eICIC the RSSI measurement definition was changed from measurements on the OFDM symbols that contain CRS to measurements on the entire subframe. We believe this new definition is more suitable and reflects better the conditions on the carrier, hence, the RSRQ definition used for eICIC should be generalized to all cases at least for intra-frequency measurements. Rel. 10 UEs already implement this type of measurement for eICIC so there would be no added complexity if this definition is adopted.

Proposal 2: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
Proposal 3: Allow RSRP and RSSI to be measured over different set of RBs within the channel bandwidth. 
As long as the accuracy requirements are met this changes will not have any impact on mobility.
3 
Conclusions

In this paper we briefly summarized the proposals that have been made so far on the wideband RSRQ measurements issue and stated our preferred option.

Our proposal is to adopt the method in which frequency offsets where the UE should measure are signalled. This solution offers improved performance in various deployments (with uneven interference in the frequency domain), allows the network to control where the measurements are performed and adds little complexity. Furthermore, the signalling overhead is rather small.
Proposal 1: Signal the frequency offsets where the UE should perform measurements.
We also briefly analysed the current definition of RSRQ/RSSI and to simplify the implementation we present the following proposals.

Proposal 2: Change the RSSI definition to be the total power measured over all OFDM symbols in a subframe for all cases (not only when eICIC is used).
Proposal 3: Allow RSRP and RSSI to be measured over different set of RBs within the channel bandwidth. 
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Fig. A.1 Wideband measurements with multiple narrow band samples
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Fig.A.2 Time domain sampling

The UE would be signaled whether to perform wideband or narrow band measurements, the center frequency (fc) of the carrier to be measured and the frequency offset of the subband to be measured. If wideband measurements are configured then multiple offsets could be signaled. For the case depicted in Fig. A.1, if wideband measurements are configured then the UE would average the values for Samle#1,#2 and #3. If a narrow band measurement is configured then the UE would report the value of either Sample#1, #2 or #3. Also, the measurements would be spread in time such that the UE would not have to take 2 measurements at different frequency offsets at the same time as shown in Fig.A.2. Any measurement sample would still be narrow band such that the impact on UE implementation complexity would be minimal.
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