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1
Introduction

One of the objectives in the study item on small cell enhancements – physical layer aspects is listed as follows:

· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes 

· Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· 
Mechanisms for efficient discovery of small cells and their configuration.

In this contribution we discuss the latter bullet point, i.e. mechanisms for efficient discovery of small cells and their configuration.
2
Mechanisms for efficient discovery of small cells
The TR 36.932 states the following about discovery of small cells on a different frequency layer [1]: 
“For UEs being served on a macro layer and for the targeted mobile speeds up to 30 km/h, small cell nodes need to be discovered, and potential mobility to small cell node performed, in a timely manner and with low UE power consumption in a situation when the UE moves into the coverage area of the small cell layer.”
Essentially, offloading potential of small cells should be maximized such that the UEs can be handed over to the small cells in a timely manner when the UE moves into the coverage area of any small cell. The problem is that currently for the UE to detect the small cells, the UE may have to perform continuous inter-frequency measurements even when there are no small cells nearby on the small cell frequency layer due to the discontinuous coverage of the small cell layer. Hence the UE may be performing inter-frequency measurements even when there is no need, thus draining UE battery. Measurement gap -based inter-frequency measurements also introduce scheduling restrictions on the macro layer. 

The issue has been already studied by RAN2 in the study item on mobility enhancements in HetNet, in which the following conclusion was drawn on small cell discovery [2]:

“It was concluded that continuously performing measurements according to existing performance requirements results in very high battery consumption without showing significant impact on offloading potential.”
Thus one target of the study on mechanisms for efficient discovery of small cells is to minimize UE battery consumption while maximizing the offloading potential. It should be noted that at the same time also RAN2 is discussing efficient discovery of small cells based on the outcome of the study item on HetNet mobility. The solutions discussed in the HetNet mobility work item include for example relaxations to performance requirements, for instance to enable the UE to search inter-frequency cells with longer measurement periodicity. The main solution in the scope of RAN1 is the introduction of a new signal for cell discovery purposes. Some coordination of the work between the two working groups might be needed to avoid double solutions.

Observations:

-
RAN2 is already discussing mechanisms for efficient discovery of small cells as part of the HetNet mobility work item.

-
The solution that falls within the RAN1 scope is introduction of a new discovery signal.

2.1
Motivations of a new discovery signal

As discussed above, battery consumption in case of inter-frequency cell discovery should be minimized while maximizing the offloading potential of small cells. Currently, battery consumption is mainly caused by frequent inter-frequency measurements for discovering small cells that may or may not be present on the measured frequency layer. A very low duty cycle discovery signal would minimize the time that the UE needs to spend performing cell discovery, assuming that this can be done synchronously, i.e. such that the UE knows roughly when to expect a discovery signal to be transmitted and such that most cells on a frequency layer are transmitting the discovery signal simultaneously. As a side effect, also frequent measurement gaps could be avoided, and therefore scheduling restrictions due to gap-based inter-frequency measurements would be minimized. 
Another motivation for introducing a new discovery signal has been mentioned to be network energy saving. In particular, introduction of a dormant eNB state with minimum transmission activity would require specification of a new signal that has a low duty cycle and that allows the UE to discover also the cells that are sleeping. However, it would have to be noted that there are existing methods for network energy saving such as MBSFN subframes, and also the new carrier type (NCT) is being specified (partly) for this purpose. Additionally, RAN3 has already specified mechanisms for switching cells on/off in a more semi-static manner. Hence, in order to conclude on the need of a new discovery signal for supporting eNB dormancy, evaluations would have to be carried out first on the need of the dormant eNB state. On the other hand it should be noted that there exist also other mechanisms for supporting the dormant state not requiring use of a discovery signal. One such approach was considered in [3] where use of PRACH for waking up the cells from dormant state was proposed. However, this approach might consume too much UE battery considering that the UE might need to be transmitting PRACH (e.g. periodically) even when there are no small cells nearby.
Also the number of physical cell IDs (PCIs) has been mentioned to be limited in case of dense small cell networks. If a discovery signal is introduced, in principle an increase in the number of PCIs is easily accomplished. However, in order for this to be useful in terms of reducing cell planning efforts, this would mean also modifying all other (existing) signals having a dependency on the physical or virtual cell ID. In downlink for instance, CSI-RS, UE-specific RS, (reduced) CRS etc. all have a dependency on either physical or virtual cell ID. Furthermore CSI-IM resources would need to be extended as well since their reuse factor is currently smaller than the number of PCIs. Hence this means quite a big specification impact and therefore an increase in the number of PCIs should be clearly justified by evaluations. For instance, it does not seem very likely that even with a totally random allocation of PCIs to cells there would typically be two cells with colliding PCIs within the UE receiver dynamic range. This has also been proven in some earlier studies on PCI collisions for CSG cells, see e.g. [4] where it was shown that even with smaller number of PCIs than 504 there is a very low probability of bad PCI collisions in small cell deployments.
Finally, it has been mentioned that the number of detected cells in dense small cell networks should be increased. The motivation for this seems yet unclear as for offloading purposes the UE would mainly need to detect the strongest cell and perhaps a few neighboring cells in cell edge situations. For these purposes PSS/SSS –based cell detection is known to perform sufficiently well, especially if PSS/SSS interference cancellation capabilities of the UEs are also considered. Whether eNB dormancy, load balancing or some other small cell features would require detection of a higher number of cells clearly requires further studies on those particular features.
As a summary, we can list the possible motivations of introducing a discovery signal as follows:

Observation: Possible motivations for introducing a discovery signal are
· Reduced UE power consumption 

· Enabling eNB dormancy
· Increased number of physical cell IDs

· Potentially improved cell detection in presence of high number of small cells
Proposal:
-
RAN1 should further investigate whether the above motivations warrant introduction of a new discovery signal.
3
Aspects of discovery signal design
Even though the introduction of a discovery signal is still open and depending on studies on eNB dormancy, load balancing and other aspects, some early considerations can already be made on the assumptions regarding the signal design itself.
First of all, as discussed in the previous section, the main motivation of introducing a new discovery signal is reducing UE power consumption in inter-frequency cell discovery. To fulfil this motivation, the UE would clearly need to be assisted, for instance by the macro nodes on the originating frequency layer: if a signal is transmitted with a very low duty cycle, the UE needs to know roughly when to expect the signal to be transmitted – otherwise the UE will have to do a long blind search (up to the discovery signal periodicity), introducing possibly even an increase in the UE battery consumption. Additionally, the UE should be able to detect as many cells as possible within one measurement instance; hence the small cells should also be transmitting the discovery signals roughly synchronously.
Observation:

· In order to truly reduce UE power consumption in inter-frequency cell discovery by means of a low duty cycle discovery signal, the UE needs to have a rough timing of the discovery signal.

· Thus assistance from e.g. macro nodes is required. 
· Additionally, as many small cells as possible should be transmitting the discovery signal simultaneously.

This would also require that the macro layer and the small cell layer are roughly synchronized, as well as the cells within the small cell layer. How accurately the cells can be synchronized is for further study, but it should be noted that the synchronicity assumption could have an impact on the signal design. For instance, larger reuse factors are more easily accomplished if synchronization is tight. As an example, with very tight synchronization the cyclic shifts of Zadoff Chu sequences would become available for increasing the reuse factor (without introducing additional timing ambiguities). Therefore the assumption on the level of network synchronicity should be clarified.
Regarding the signal design, both existing signals such as PSS/SSS and their modifications as well as completely new signals could be considered. For instance, PSS/SSS with increased periodicity might already provide support for eNB dormancy as well as improve UE battery consumption if transmitted synchronously from different cells. On the other hand if a new signal is introduced instead of reusing the existing signals, the PDSCH region or MBSFN subframes can be utilized in order to avoid impacts on the legacy UEs. This way also legacy carriers can be supported.
Finally, it is noted that RAN1 is currently also working on D2D where discovery is one essential functionality to be studied. Also the D2D discovery function will require initial detection of the D2D discovery transmissions. From the perspective of detection at the UE side, there is not much difference whether the transmitting entity is a small cell or a UE. Considering this, from overall UE complexity perspective it would be highly desirable if similar or same kind of discovery signals could be utilized both for small cell detection and D2D detection. Hence in our view the UE implementation synergies in small cell and D2D detection should be taken into account.
Based on the above discussion, we have the following proposal:

Proposal:
· If a new discovery signal is deemed needed, consider the following for the discovery signal design:
· Assume synchronized network and UE awareness of the timing of the discovery signal(s).
· RAN1 should discuss further the exact synchronization and timing accuracy.

· Consider both existing signals as well as new signals for the discovery signal design.

· Maximize UE implementation synergies between small cell discovery and D2D discovery.
· Minimize UE complexity in detecting different types of discovery/synchronization signals.
4
Conclusions
In this contribution we have discussed mechanisms for efficient discovery of small cells, in particular introduction of a discovery signal for this purpose. Based on the discussion we have the following proposals for further investigations on the need of a discovery signal:

Observation: Possible motivations for introducing a discovery signal are

· Reduced UE power consumption 

· Enabling eNB dormancy
· Increased number of physical cell IDs

· Potentially improved cell detection in presence of high number of small cells
Proposal:

-
RAN1 should further investigate whether the above motivations warrant introduction of a new discovery signal.

Regarding the actual design of the discovery signals, we propose the following points to be considered:
Proposal:

· If a new discovery signal is deemed needed, consider the following for the discovery signal design:

· Assume synchronized network and UE awareness of the timing of the discovery signal(s).

· RAN1 should discuss further the exact synchronization and timing accuracy.

· Consider both existing signals as well as new signals for the discovery signal design.

· Maximize UE implementation synergies between small cell discovery and D2D discovery.
· Minimize UE complexity in detecting different types of discovery/synchronization signals.
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