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1. Introduction
During RAN4#44bis in Shanghai some discussions took place around the need for wider measurement bandwidths to be used during LTE Inter-frequency measurements [1]. Further discussions have taken place in the RAN4 reflector. In this contribution we analyse a number of different factors contributing to the overall inter-frequency cell identification budget in order to provide some focus to the ongoing discussions. Following this analysis a way forward to progress the requirement definition is proposed.
2. Discussion
LTE Inter-frequency cell identification needs to perform the same processing stages than in the intra-frequency case, apart from the fact that there is significantly less on-air time available to perform observations on other LTE carriers. LTE inter-frequency gap patterns have been agreed to use 6 ms gaps that repeat over multiples of 10 ms [2,3].

Each one of the processing stages has an associated processing delay. The relevant processing stages are summarised below:
1. Cell Search. A new cell will be successfully identified on another frequency if its P-SCH and S-SCH is successfully identified. As a result the cell id and the timing for the cell boundary will be known. A new cell search attempt can be performed on every LTE inter-frequency monitoring gap. It is worth noting that the performance for this processing stage depends only on the measurement gap density, but not on the carrier bandwidth since the P-SCH and S-SCH are wholly contained within the central PRBs. 
2. LTE Inter-frequency Measurements. LTE measurements can only be performed once the UE has synchronized to and identified the cell id. LTE measurements need to be performed over a measurement period and a measurement bandwidth. Both of these parameters are still to be defined, but there is a clear trade-off between the two in order to achieve a given level of measurement accuracy performance. 
3. Event-triggered measurement reporting. Once a new inter-frequency cell has been identified, if its signal strength meets the measurement reporting parameters that have been configured by the network, a measurement report will be generated by RRC and be sent by the UE. The duration of this step is fixed and likely to be very similar to to intra-frequency event-triggered measurement reporting delay. This delay is unlikely to be dependent on cell bandwidth.

Note that it is our current understanding that PBCH decoding is not required as part of inter-frequency cell identification.
3. Network Deployment Aspects

The possible LTE deployments range between 20 MHz and 1.4 MHz (i.e. 6 PRBs). As discussed in previous RAN4 meetings the UE needs at least to be able to measure the 1.4 MHz case. For carriers whose bandwidth exceeds 1.4 MHz it may be beneficial to perform measurements over a wider bandwidth, but these benefits will only be available for these wider carrier deployments. On the contrary, for carriers exceeding 1.4 MHz it is possible to perform measurements on a smaller portion that the total carrier bandwidth at the expense of some measurement performance degradation or some additional delay associated to some additional time-domain averaging. If the minimum measurement performance requirements are bandwidth-specific this will lead to different measurement performance as a function of the E-UTRA carrier bandwidth used on each deployment scenario. 

While improved measurement performance may seem beneficial, the actual benefits to network operation need to be quantified to ensure that the benefits outweigh the additional required effort. Lack of uniformity is likely not to be a desirable feature since it will involve more development effort to design network and UE equipment and to verify the correct operation of all possible configurations during initial deployment.   
4. Testing Aspects
As stated in the previous section a measurement over a subset of the total bandwidth is possible, but the opposite does not apply: a 1.4 MHz carrier cannot be measured over a larger bandwidth. As a result, if a measurement bandwidth other than 1.4 MHz is to be selected there may need to be BW-specific measurement requirements. This is likely to increase the specification definition workload, test definition workload, test procedure duration, etc. for a questionable benefit.  
5. Link-level vs Network Simulations

RAN4 uses two separate approaches in order to assess performance:
· Link-level simulations. These simulations provide an indication on achievable UE measurement performance, but do not assess its actual effect into network performance. These simulations are generally sufficient for those performance aspects that do not involve significant complexity or cost in the UE or the network.

· Network simulations. Network simulations are more complex and cumbersome, but provide a far better assessment on how critical the measurement accuracy really is on the overall network performance. These simulations are particularly useful to ensure that a tight requirement leading to significant complexity is not unduly imposed on the UE or the network by assessing the actual effect of more relaxed performance requirements. 
We believe that cell search and measurements can lead to significant UE complexity. Such a complexity is acceptable when a direct benefit on network performance can be obtained as shown by network simulations. 
6. Other UE Implementation Aspects

UE implementations are likely to have a finite amount of resources to perform measurements. Given that the opportunities for performing intra- and inter-frequency measurements do not overlap in time, it is desirable to use the same processing resources. 
As a result, unless there is a significant benefit to do otherwise it is desirable to maintain some degree of commonality between LTE intra-frequency, LTE inter-frequency and LTE monitoring from other RATs since this processing will most likely end up being performed by the same UE resources. This approach has already been adopted for UTRAN in TS 25.133, for which cell identification delays, measurement periods, the number of measurements that can be performed over time, etc. all scale proportionally to the amount of on-air time available to perform these measurements. 
7. Proposed Way Forward
There are indeed potential benefits in using wider measurement bandwidths for LTE RSRP measurements for LTE inter-frequency scenarios. There are also a number of drawbacks related to network operation permutation, UE complexity and test complexity and cost. RAN4 must ensure that the right balance is kept between all these trade-offs to avoid unnecessary complexity for no additional benefit in network performance.

We believe that network simulations need to be performed in order to demonstrate the actual benefits of wider bandwidth for inter-frequency RSRP measurements. The proponents of this option are therefore urged to prove the benefits by examining its impact on relevant network metrics such as handover statistics or dropped call statistics. This activity can take in parallel with the ongoing work related to the definition of LTE intra-frequency cell identification and measurement performance requirements. 
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