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1
Introduction

The Study Item on physical layer aspects of small cell enhancements identifies the study of mechanisms for efficient discovery of small cells and their configuration [1]. At RAN1#72bis discussions took place on possible issues related to discovery in a small cell deployment and improvements that may potentially be introduced. In addition, agreements were made on assumptions and methodology that may be used for assessing the need for improvements. Further agreements were made in an email discussion held after RAN1#73 [2].
One type of improvement that has been suggested by many companies to address a number of issues is the introduction of a new signal for the purpose of detecting and identifying a cell, i.e. a discovery signal. In this contribution we review the different issues potentially motivating the introduction of a discovery signal, and identify the ones that should be prioritized for driving requirements for such signal.

2
Issues related to discovery
The issues that have been raised as potential justifications for introducing a Discovery Signal [3]-[9] are the following:
· Detection of a cell that has interrupted normal transmission of signals (“Off” state or “dormant” cell).
· Detection from a co-channel serving cell to support UE speed at 30 km/h, or to support enhanced cell association
· Detection from non co-channel serving cell for offload, minimizing UE battery consumption impact

· Increase of PCI collisions and/or PCI confusion
2.1
Detection of a dormant cell
Small cell On/Off on a short time scale
The possibility of turning off regular transmissions from a small cell during periods of inactivity is attractive from the perspective of both interference reduction and network energy savings. In a companion contribution [8] we discuss different candidate mechanisms mainly targeting interference reduction from unused small cells. One mechanism under consideration allows a small cell to switch On and Off its normal transmissions on a relatively fast time scale of tens or hundreds of ms, based on user activity. As discussed in [8], one attractive possibility involves detection and measurement on a new reference signal for the purpose of identifying the best small cell to operate on upon resumption of traffic. Since this mechanism would operate as a function of user activity, it is important that the new reference signal can support the estimation of measurement types similar to RSRP or RSRQ to avoid the large extra latency of several hundreds of ms that would occur if such measurements could start only after switching On the small cell.
Small cell On/Off on a long time scale

Independently of the mechanism (NCT or Small cell On/Off) ultimately adopted for reducing interference from unused cells, one could also envision that a small cell implements a dormant mechanism operating on a longer term basis (e.g. several minutes) to allow for a higher degree of energy savings during long periods of inactivity. To ensure that a small cell in such dormant state can be detected by a UE entering its coverage area, the cell may transmit a discovery signal with a period of a few hundreds of ms. The UE upon detecting the signal could determine that eventually, or at a specific time, the dormant cell will (temporarily) wake up and be available for a connection request. It should be noted that to support such “slow” dormant operation it is not required that the discovery signal supports measurements such RSRP or RSRQ. Indeed, it may not even be necessary that the physical layer identity of the dormant cell be carried by the discovery signal. In absence of these requirements the design of the discovery signal could be simplified considerably.
Given the above, our view is that the design of a discovery signal should consider the following:
Proposal:

· Consider at least supporting the detection of dormant cells on a long time scale (slow Small Cell On/Off) for the design of a discovery signal, as a high-priority requirement;

· If interference reduction based on fast Small Cell On/Off is adopted, the design of the discovery signal needs to support measurements such as RSRP or RSRQ; otherwise, consider simpler design (e.g. similar to PSS)

2.2
Detection of co-channel neighbor cells
One of the requirements for small cell enhancements is that “mobility across densely deployed small cell nodes, and between macro and small cell on the same frequency layer, should be targeted with good performance for mobile speeds up to 30 km/h” [13]. RAN2 has been studying mobility performance in a co-channel heterogeneous scenario in terms of metrics such as the probability of RLF, handover failure and ping-pongs, as part of the hetnet mobility SI and WI [14]. The scenario under consideration in these studies is quite different from the small cell scenarios, but anyway did not account for any potential additional latencies stemming from the time required to detect the target cell. Results for a scenario similar to scenario 2 were recently made available [15], and showed that the handover failure rate increases with the number of small cells. In these results the percentage of handovers that were between two small cells is 55%.
One take-away from the results in [14] which is also of relevance for the small cell scenario, is that mobility performance at 30 km/h (and higher speeds) is highly sensitive to the latency of the measurement report resulting from the configured L3 filtering constant, time-to-trigger and offset. For instance, the handover failure rate at 30 km/h goes from 3.5% to 9% if the offset and time-to-trigger are changed from (1 dB, 80 ms) to (2 dB, 160 ms) – while the ping-pong rate follows an inverse path (see Appendix). RAN2 is currently studying enhancements that would result in optimal triggering time for the measurement report. However, it is clear that any enhancement can easily be negated by even a few tens of ms of additional latency that would result from late detection of a target cell. Thus, potential enhancements that may be introduced as part of the RAN2 work should not be viewed as substitutes to the requirement for timely detection of small cells in the co-channel case.
To illustrate the increased challenge of timely detecting co-channel neighbor cells in a small cell environment, the following evaluations were made based on agreed assumptions for scenario 2a, 10 cells per cluster and 1 cluster per macro cell.
The first evaluation aims at determining the “time budget” available for a moving UE to detect the strongest cell at a given destination point. Figure 1 shows the probability that the strongest cell at a given UE position was under the detection threshold of -6 dB at a previous UE position, as a function of the distance between these positions (and thus time for a given UE speed). The calculation of SINR takes into account the average correlation between PSS/SSS sequences as in [11]. Shadowing distance correlation is not included in these results, but the range of distances are anyway above that of the correlation distance (about 10 m for Umi).
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Figure 1. Probability that the strongest cell at a first UE position is under the detection threshold at a second UE position, as a function of the distance between UE positions.
The above results show that the strongest cell in the small cell environment was under the detection threshold more than 30% of the time in a previous UE position at distances as short as 10 m (corresponding to 1200 ms at 30 km/h). Simulations including distance correlation would need to be performed to assess the probability at shorter distances but it appears likely that there would be a significant probability that reporting of a strongest cell suffers additional delays due to the latency of PSS/SSS detection as found in [9]. The results also show that the probability would be significantly reduced if synchronization signals could be split in 3 groups not mutually interfering, which suggests a possible design approach for a discovery signal.
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Figure 2. Probability that a cell is under the detection threshold as a function of UE-to-cell distance (Scenario 2a, 10 cells per cluster, 1 cluster).

The second evaluation shows the likelihood that a neighbor cell at a given distance from the UE is above the detection threshold (these results are similar to those already presented in [10] but now account for the average correlation between PSS/SSS sequences). The probability of not detecting a cell as close as 20 m is quite significant. This cell could quickly become the strongest cell and result in a dropped connection if not reported in time.
Aside from mobility robustness considerations, lower speed UE’s can also benefit from a more robust detection mechanism if they would be better served by a non-best cell (from RSRP perspective) according to an enhanced cell association mechanism [12].

The introduction of a discovery signal to assist PSS/SSS detection (i.e., as an auxiliary synchronization signal) is a clear candidate to address the co-channel neighbor cell detection problem. Such signal could be transmitted e.g. once in every frame and designed to be orthogonal with other signals transmitted from neighbor cells. Another approach would be to increase the performance requirements of cell detection, relying on an advanced receiver to detect neighbor cells at lower SINR. However, it is unclear if such approach is realistic in a scenario with multiple PSS/SSS interferers, and it could significantly increase UE complexity.
Proposal: Timely detection of co-channel neighbor cells is considered as a high-priority requirement for the design of a discovery signal.

2.3
Detection of non-co-channel neighbor cells
Another requirement from [13] is that “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.”  The concern, also under discussion as part of the hetnet mobility WI, is that inter-frequency measurements required for the detection of the small cell may result in excessive battery consumption. To minimize this, it has been suggested that the time required to detect cells during measurement gaps could be reduced by having the cells send discovery signals simultaneously or within the period of a measurement gap.
A key difference between this issue and the previous one is that it is much less critical to rapidly detect a cell on a non-serving frequency than on a serving frequency. This is because the UE typically remains under coverage of the macro cell at the same time as it is under coverage of the target small cell. Thus, a late handover would normally not result in dropping the connection. In fact, RAN2 is currently considering solutions for reduced battery consumption based on relaxation of detection performance for inter-frequency. Furthermore, the negative battery consumption impact comes essentially from unnecessary measurements while the UE is outside the offload area and not so much from the time required to find the cell once the UE is within its coverage area. 

For these reasons, our view is that improving inter-frequency detection should not be considered as a high priority requirement for the design of a discovery signal.

Proposal: Detection of non-co-channel neighbor cells is not considered as a high-priority requirement for the design of a discovery signal.
2.4
Increase of PCI collisions or confusions
The higher cell density of small cell deployments under consideration may increase the likelihood of PCI collision whereby two cells assigned with the same PCI are received with similar signal strength at the UE. To mitigate this it has been proposed that the number of physical cell identities be increased from 504 to a higher number, and that the discovery signal could be designed to identify the new identity within the increased space. Other reference signals would also need to be differentiated based on the new identity, resulting in significant impact to the specifications.
To assess whether such enhancement is necessary one can estimate the probability of observing a collision under a challenging scenario, such as scenario 2a with 1, 2 or 4 clusters and 10 cells per cluster using the agreed assumptions and random PCI assignment. A cell is victim of a collision if its received signal level is lower than 10 dB above the level of another cell using the same PCI. The results are shown in Table 1.
Table 1. Probability of collision, Scenario 2a (small cell layer), 10 cells per clusters
	Number of clusters
	Probability of collision for best cell only
	Probability of collision for all cells within 10 dB of the best cell

(including best cell)

	1
	0.3%
	1.2%

	2
	0.4%
	2.0%

	4
	0.6%
	3.9%


The results show that the probability of collisions remains low even in the most challenging scenario. It should also be noted that these probabilities would likely decrease further if reuse of a PCI within a cluster can be avoided through strategies such as self configuration. Based on this we conclude that PCI collisions do not warrant designing a discovery signal in such a way that the number of cell identities can be increased.
The problem of PCI confusion has also been mentioned as a motivation for introducing a discovery signal supporting a larger number of cell identities. PCI confusion occurs in the context of CSG inbound mobility whenever there is a possibility that two CSG cells under the coverage of a macro cell use the same PCI. The solution to this problem has been introduced in Release 9. The UE can be instructed to acquire the CGI of a potential target cell using autonomous gaps. There is no particular reason why this solution would no longer be suitable in the context of small cells.
For these reasons, our view is that increasing the number of physical cell identities should not be considered as a requirement for the design of a discovery signal.
Proposal: Increasing the number of physical layer identities to reduce the number of PCI collisions (or the amount of PCI confusion) is not considered as a requirement for the design of a discovery signal.

2.5
Summary

The following Table summarizes our conclusions on the aspects that should be prioritized as requirements for the design of a discovery signal.
Table 2. Issues to be prioritized for determining the requirements of a discovery signal.
	Issue
	Requirements for DS or assumptions
	Alternative solutions
	Priority

	Detection of Dormant cell (On/Off)
	Support idle UEs

Should be transmitted without requiring full wake-up of dormant eNB (for slow On/Off)
Should support measurements such as RSRP/RSRQ (for fast On/Off)
	NCT, MBSFN subframes 

(do not allow maximization of energy savings)
UL-based solution

(requires macro coverage)
	High

	Detection of co-channel neighbor cells

	Ensure timely detection of potential target cell at speed up to 30 km/h
Support enhanced cell association

Low (zero) interference between DS transmitted from different cells
	Improved PSS/SSS performance requirements assuming enhanced receiver

(increased UE complexity)
	High

	Detection of non-co-channel neighbor cells
	Coordination/assistance with macro cell

Network synchronization
Possibility to transmit DS from multiple cells in same time frame
	Relaxed measurement requirements (cf. Hetnet mobility WI)
	Low

	PCI collision
	Discovery signal can take more than 504 values

Significant other impacts to the specification

	Nothing required 

(not a significant issue)
	Should not be considered

	PCI confusion
	
	Nothing required 

CSG inbound mobility solution from R9 available
(read SI of target cell using autonomous gaps)
	


3
Conclusions
This contribution provided an analysis and evaluation of different issues that have been brought up as justification for the introduction of a new discovery signal. Based on this analysis and evaluation results we propose the following:
Proposal:
For the study of performance of candidate designs for a discovery signal, RAN1 considers the following requirements with high priority:

· Detection of dormant cell, at least for the support of slow On/Off mechanisms
· Detection of co-channel neighbor cells
RAN1 does not consider the following requirement:

· Reduction of the number of PCI collisions or PCI confusion 
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Appendix: Results from Hetnet Mobility SI
The following tables are copied from the TR capturing findings from the Hetnet Mobility SI [14]:
Table 5.3.2.1: Configuration parameter sets for simulation calibration (from [14])
	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0


Table 5.5.1.2.1: Average handover failure rate simulation data in state 2, state 3 and average overall handover failure rate simulation data (from [14]).
	
	State 
	Speed
	Set1
	Set2
	Set3
	Set4
	Set5

	Average of all the companies' results
	2
	3
	7.448
	3.705
	2.322
	0.853
	0.192

	
	
	30
	36.357
	19.146
	8.393
	2.935
	0.870

	
	
	60
	52.261
	34.502
	14.959
	6.227
	2.040

	
	
	120
	57.158
	48.127
	29.121
	13.749
	4.863

	
	3
	3
	0.058
	0.113
	0.217
	0.310
	0.455

	
	
	30
	0.868
	0.188
	0.466
	0.519
	0.851

	
	
	60
	2.555
	0.445
	0.727
	1.046
	1.680

	
	
	120
	7.200
	1.115
	1.610
	2.764
	3.370

	
	OVERALL
	3
	7.506
	3.818
	2.539
	1.163
	0.647

	
	
	30
	37.225
	19.334
	8.859
	3.453
	1.720

	
	
	60
	54.809
	34.945
	15.683
	7.273
	3.718

	
	
	120
	64.260
	49.196
	30.708
	16.498
	8.219


Table 5.5.1.3.1: Average ping-pong rate data from calibration (from [14])
	 
	 Speed
	Set1
	Set2
	Set3
	Set4
	Set5

	Average over all companies' results
	3
	0.115
	1.841
	14.386
	31.661
	79.960

	
	30
	0.960
	3.370
	10.345
	20.517
	64.489

	
	60
	1.383
	4.671
	11.222
	19.733
	53.256

	
	120
	3.369
	9.911
	16.802
	24.724
	45.651








