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1. Introduction

In RAN4 meeting 60 and 60bis, RSRQ measurement under the co-channel deployment scenarios for HetNet/Carrier Aggregation was discussed [1], [2], [3], [4]. It was identified that RSRQ measurement may have issues if a narrow measurement bandwidth in the middle of the cell’s bandwidth is used. This contribution provides further consideration regarding this topic.  
2. Discussion

A special deployment scenario has been studied by [1] where macro, pico or femto cells could be partial co-channel deployed and have different channel bandwidths. It was indicated that under this deployment scenario, due to the relationship between the channel bandwidth and transmission bandwidth, there is a gap introduced in the middle of the serving cell whereas the size of the gap depending one which RAT is deployed in neighbour cells. This deployment scenario is illustrated in figure 1 for convenience.   
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The concern indicated by [1], [2] is that if using the central 6RB to perform the RSRQ measurement for a particular cell of E-UTRAN 1, an optimistic RSRQ result could be obtained since some part of central 6RB can never be used by any neighbour E-UTRAN cells, such as E-UTRAN 2/3 in figure 1, which will lead to a small RSSI compared with the RSSI measured over all available bandwidth of this cell. The problem of an optimistic RSRQ is that UE may misunderstand the interference status then either delay corresponding actions triggered by RSRQ measurement or deduce inaccurate RSRQ based cell reselection/handover decision. So far some typical solutions for this problem are: 


(1). The UE shall measure the RSRQ level of the serving cell with the system bandwidth in both RRC_IDLE and RRC_CONNECTED [2].
(2). The measurement bandwidth could be signalled by the network for intra-frequency or inter-frequency E‑UTRA neighboring cells[3].
The rationale of the problem is straightforward however some further understanding of the problem is necessary before deciding the final solution. In the following discussion we clarified two scenarios:
2.1 The serving cell is impacted by this co-channel deployment scenario

Under this scenario, we have the following observations: 
Observation 1: For RSRQ measurement of the serving cell, 6RB measurement bandwidth at any location within the available bandwidth could be used.
Since UE already knows the bandwidth of its serving cell, it could perform RSRQ measurement with 6RB bandwidth at any location within the serving cell’s bandwidth. Remembering that RSSI intends to reveal the long term interference/loading condition of the corresponding carrier and short term effect such as fast fading should be filtered out, the RSRQ result using 6RB measurement bandwidth should be similar to that using the whole bandwidth of the serving cell with a long term average at the time domain, especially when L3 filter is used. Actually the tradeoff between the measurement bandwidth and time has been investigated during rel-8 discussion. Under this scenario, solution 1 - mandating RSRQ measurement bandwidth to use total bandwidth of the serving cell does not provide extra benefit.


Observation  2: For a very light loaded system, RSRQ based on the central 6RB could still be used 
Based on the deployment scenario the drawback of using the central 6RB for RSRQ measurement is that the contribution from the co-channel deployed pico/femto cells (in figure 1 they are cells belong to E-UTRAN 2/3)  to RSSI of the serving cell could not be taken account. However if the loading of these co-channel deployed cells are quite light, their contribution to RSSI will not be significant hence even RSRQ measurement is based on the central 6RB, a noticeable difference compared with RSRQ measured by using the whole bandwidth is not expected. 
Therefore the concern regarding RSRQ measurement accuracy is not a stand alone problem however it depends on the status of the system. The tradeoff should be carefully considered when designing the solution, for example, the tradeoff between the ignaling complexity/ UE implementation complexity and the amount of improvement on RSRQ measurement accuracy.

Observation 3:  The corresponding threshold for measurement triggering/ cell reselection/ handover could be modified in order to solve this problem. 
For any particular co-channel deployment scenario (three cases are identified by [1] E-UTRAN + E-UTRAN, UTRAN + E-UTRAN and UTRAN + UTRAN), the size of gap could be figured out based on the transmission bandwidth configuration defined in 36.101. Therefore the system has the ability to calculate the difference of RSRQ, or at least the upper bound of the difference based on assumptions for worst cases. The difference could be used as an offset to modify RSRQ related threshold for measurement triggering/cell reselection/handover. For example, the value of SnonIntraSearchQ to trigger the inter frequency/inter RAT measurement could be updated based on the offset value.
2.2 The neighbor being measured by a UE is impacted by the aforementioned co-channel deployment scenario

If a UE served by a neighbor cell tries to measure the RSRQ of a cell impacted by this problem, for example, a UE tries to measure the RSRQ of a cell belongs to E-UTRAN 1, either through measurement gap or other ways, since in general this UE does not know the bandwidth of the neighbour cell, aforementioned observation 1 is not a feasible way any more. However observation 3 is still a feasible forward.  For example when a UE perform cell reselection to a cell on a lower priority E-UTRAN frequency or inter-RAT frequency than the serving frequency, the value of ThreshX, LowQ could be modified based on the offset value.  
3. Conclusion

In this contribution we further analyze the RSRQ accuracy issue under the co-channel deployment scenario. Three observations are provided and based on these observations we suggest that aforementioned aspects of this issue should be carefully investigated before determining the final solution.   
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Figure � SEQ Figure \* ARABIC �1� Co-channel deployment scenario E-UTRAN 1 10 MHz, Neighbours: E-UTRAN 2/3 5 MHz






































