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1 Introduction

One of the main objectives of the “HetNet mobility improvements for LTE” study item is [1]:


 - Identify and evaluate strategies for improved small cell discovery/identification.
In this contribution, we discuss some of the issues related to small cell discover/identification and propose a possible way forward.
2 Discussion

In LTE, the most important measurement metrics used are the RSRP and RSRQ. RSRP is a cell specific measure of signal strength mainly used for ranking different cells for handover and cell reselection purposes, and it is calculated as the linear average of the power of the Resource Elements (REs) which carry cell-specific Reference Symbols (RSs). The RSRQ, on the other hand, takes also the interference into consideration by taking the total received wideband power into account.

One of the measurement configuration parameters that a UE receives from their serving eNBs is the S-measure, which tells the UE when to start measuring neighbouring cells [2]. If the measured RSRP of the serving cell falls below the S-measure, indicating the signal of the serving cell is not that strong anymore, the UE starts measuring the signal strength of RSs from the neighbouring cells. The S-measure is an optional parameter and different S-measure values can be specified for initiating intra-frequency, inter-frequency and inter-RAT measurements. An example illustrating the usage of the S-measure in a homogeneous network is illustrated in Fig 1. 

As can be seen in the figure, by using appropriate S-measure values, unnecessary neighbour cell measurements by the UEs can be avoided. For the scenario depicted in Fig 1, UEs will not measure any neighbours when they are close to the cell centre and experience very good RSRP. As a UE moves farther and farther away from the cell centre, the RSRP falls below the S-measure set for intra-frequency, inter-frequency and inter-RAT measurements and the UE starts measuring intra-frequency, inter-frequency and inter-RAT neighbours, respectively. That way, UEs will be performing measurements only when the need arises.
The same settings might not work in a HetNet because small cells could be deployed even very close to the macro eNB (for capacity boosting in hotspots, for example), and the serving cell’s RSRP would still be good enough and relevant neighbor cell measurement might not be triggered on time. This is illustrated in Fig 2. Assuming the same S-measure settings as in Fig 1, small cell P1 will not be discovered, whether it is intra-freq, inter-freq, or inter-RAT; P2 will be discovered only if it is Intra-freq and P3 will not be discovered if it is Inter-RAT.
Another drawback of using the S-measure is that once it is configured, the eNB has no way of knowing if the UE is actually performing the measurements or not (unless measurement reports are sent). For example, if the UE is configured to perform inter-frequency measurements, it might also be configured with a measurement gap. If the UE is also configured to use the S-measure for these inter-frequency measurements, then the UE will not perform any inter-frequency measurements during the measurement gaps when it is experiencing a good RSRP value. However, the eNB must still respect the measurement gap configuration, and not schedule the UE during the gaps. Though the UE can save some battery power by not performing inter-frequency measurement when the RSRP of the serving cell is higher than the S-measure, it can still end up losing up to 15% in throughput (assuming pattern 0 that uses a 6ms gap every 40ms is employed [2]).  
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Fig.1
Using S-measure for measurement configuration.  
Observation 1: Cell discovery based only on the S-measure is not optimal in a HetNet setting.

In [3], the use of S-measure that is associated with the RSRQ instead of the RSRP was proposed to solve the issue of small cell discovery in HetNets. However, there are two main drawbacks of this:

-
It is not backward compatible (i.e. legacy UEs that use S-measure based on RSRP will not benefit)

-
It will not help in the case of inter-frequency and inter-RAT picos (for example, in Figure 2, it will only solve the issue regarding the discovery of P1, and only if that small cell is using the same frequency as the macro). And inter-frequency and inter-RAT measurements are the ones that most demanding for the UE, both from power consumption and (as discussed above) performance aspects.
Observation 2: Enhancing s-measure to consider RSRQ will not help in the discovery of inter-frequency and inter-RAT small cells. 
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Fig.2
Issues with using S-measure for measurement configuration in HetNets.  
If the small cells are deployed in a planned fashion and the information regarding their density and/or location is available to the macro eNBs, the macro eNBs can use it to set the S-measure appropriately. For example, a macro eNB that has several small cells in its coverage area can set the S-measure of its UEs to a higher value than another one with few or no small cells. 

Small cell density dependant S-measure scaling can be beneficial to some extent, but it does not address offloading issues. For example, in an unloaded macro cell, regardless of the number of available small cells, we might not want to enable a UE to measure inter-frequency and inter-RAT neighbors as the macro cell will be sufficient to provide enough capacity regardless of the location of the UE within the macro. However, for highly loaded scenarios, it will be beneficial to enable the UEs to perform inter-frequency and inter-RAT measurements, as the likelihood of getting good performance becomes low, even for those UEs that have good RSRP.  
For UEs that are not generating that much data, this might not be a big issue, and to begin with they are not the ones overloading the macro cell. Instead, it will be more beneficial to offload those UEs that are generating the most traffic to the inter-frequency or inter-RAT cells, which can be facilitated if the macro eNB enables those UEs to discover small cells as soon as possible by readjusting their S-measures and configuring them with measurement gaps, if they require it. At first, it might seem that those are the UEs that need the best throughput and by making them use measurement gaps for inter-freq and inter-RAT measurements, we might end up harming them (as discussed above, penalizing them by up to 15% in terms of throughput). However, unless the UE is using more than 85% of all the resources in a cell, which is highly unlikely if there are several UEs in the cell, a smart scheduler can compensate for the measurement gaps.
The possible drawbacks of S-measure on performance can be overcome by using other configuration parameters instead, such as Event A2 (Serving becomes worse than threshold) [2]. Instead of enabling inter-frequency/inter-RAT measurements and setting an optimal S-measure value, the eNB can configure proper Event A2 threshold and enable them only when it receives a measurement report triggered due to this. This can be used in conjunction with the aforementioned solutions. For example, when the eNB notices that it is becoming overloaded, it can adjust the Event A2 threshold for the UEs that are generating the most traffic, enabling them to discover small cells faster.
Observation 3: The discovery of small cells in HetNets can be facilitated by adapting measurement and measurement report triggering threshold values according to static factors like small cell deployment density and dynamic factors such as total load in the cells and UE traffic volume. 

The macro eNB is already aware of its load, as well as the load contribution (current and expected) from each UE that it is serving (for example, from UE scheduling history, UE buffer status report, etc.). And as such, the above discussed methods of improving small cell discovery by adapting the measurement and measurement reporting thresholds of UEs can be realized with already existing mechanisms, and no standardization change is required. 

Proposal 1 Sufficient performance of small cell discovery in a HetNet scenario can be achieved with existing mechanisms. 
3 Conclusion

In this contribution, we have discussed the issue of small cell discovery in HetNets and we propose:
Proposal 1
Sufficient performance of small cell discovery in a HetNet scenario can be achieved with existing mechanisms. 
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