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1 Introduction
During SI, the improvement of small cell discovery has been extensively discussed and finally 10 potential enhancement solutions are captured in the TR 36.839[1], with the evaluation results of each solution by the agreed 4 criteria [1]. Based on the aforementioned achievements of the SI, the improvement of small cell discovery should be further studied during the WI.
In this document, we take some further consideration on small cell discovery. In section 2, some clarifications on the usage scope are discussed. In section 3, the challenges or issues needed to be resolved of each the 10 candidate solutions are analyzed and observations are made. And according to the observations, we try to narrow down options for more efficient and focused study.
2 Clarifications
Efficient small cell discovery is taken as an important objective of the Hetnet mobility enhancement SI/WI to ensure efficient offload of UEs from Macro to small cells. Before diving into the detailed small cell discovery solutions, there are two questions to be clarified. The first is what is the difference/relationship between small cell discovery and RRM measurement? The second is when should the UE take the small cell discovery procedure?
To minimize UE power consumption, reduce service interruption, and ensure good service continuity, normally, in the existing homogeneous network, the inter-frequency RRM measurement for mobility is performed only if the signaling quality of the serving cell drops to some extent. For example in the illustrated deployment (a) in Figure 1, normally the inter-frequency RRM measurement for mobility will not be performed in the dark green area. Then if we deploy some inter-frequency small cells in the deployment (a) thus turns it to the Heterogeneous deployment (b), it is inherently that the LPN4 and LPN5 deployed for coverage extension (i.e. macro cell<threshold) could be efficiently detected with the existing inter-frequency RRM measurement for mobility. That means no additional small cell discovery mechanism needs to be adopted if the serving cell’s signal quality has dropped below a threshold. While for the LPNs deployed in the dark green area (LPN1~LPN3), due to the good enough quality of the serving cell (i.e. macro cell>threshold), the aforementioned existing inter-frequency RRM measurement for mobility could not detect the small cells efficiently thus some kind of small cell discovery mechanism for offloading purpose should be introduced to improve small cell discovery with minimized impact on UE’s battery consumption. 
Observation1. Small cell discovery should be adopted only if the existing inter-frequency RRM measurement for mobility could not efficiently detect small cells. That is only if the serving cell is good enough, i.e. better than a threshold.
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Figure 1 
Besides, the consideration of introducing small cell discovery is to ensure efficient offload of UEs from Macro to small cells. Thus if the UE is served by small cell itself, no such offload requirement as in macro cell’s center (macro>threshold) needs to be considered. So, if the serving cell is small cell, there’s no need to introduce small cell discovery beyond the existing inter-frequency RRM measurement for mobility.
Observation2. Small cell discovery should only be adopted when UE is served by macro cell.
According to observation1&2, we propose that:
Proposal1: It is better to clarify in RAN2 that small cell discovery should be adopted only if the existing inter-frequency RRM measurement for mobility could not efficiently detect small cells in the serving macro cell. That is only if the serving macro cell is good enough, i.e. better than a threshold/in the macro cell center. And we should keep this clarification in our mind when studying the potential solutions to avoid unnecessary enhancement.
3 Challenges and way forwards
In this chapter we analyze the challenges or issues needed to be resolved of each the 10 candidate solutions, considering the 4 agreed criteria[1] and some other aspects, such as impact on discovery efficiency (offload opportunity), impact on other RAN groups (e.g. RAN4), equipment cost etc. Based on the analysis, we get some observations and try to narrow down options for better and more focused study, which are summarized in Table 1 to give a clear picture of each solution and the way forward narrowed down.
Table 1 Challenges and way forward
	
	Challenges/Issues to do
	Observations and Way forwards
((:Solutions to study in the first stage)

	solution1-Longer measurement period
	Impact on RAN4.
	(

	solution2- Small cell discovery signal in macro layer
	1). PCI planning/management to avoid PCI collision.

2). RAN4/RAN1 to be involved for interference study.

3). Analysis of the always-on intra-frequency neighbouring measurement impact on UE power consumption.

4). Pico cost increases.
	(

	solution3- Relaxed side condition
	1). Impact on RAN4.

2). Side condition is a minimum requirement for UE thus it seems make no sense to specify one more relaxed side condition.

3). Whether the UE power consumption can be minimized needs further discussion, especially if not used with other solutions.

4). If not used with other solutions(e.g. solution1), the solution does not help to minimise interruption on the serving cell at all
	Solution3 is better to be used along with other solutions, e.g. solution1.

	solution4- Measurements without gap assistance
	Essentially a variant of solution1 and impact on RAN4.
	Solution4 is essentially a variant of solution1.

	solution5- Proximity detection based on macro listening
	1). eNB cost: complexity in eNB to maintain and track each UE’s fingerprint.

2). Dependent on the individual scheme, impact on UE power consumption may need further consideration or the detection efficiency should be further discussed.
	(

	solution6- UE based proximity detection
	1). UE cost: higher demanding on UE’s processing and memory capacity.

2). May reduce the offload opportunity.
	(

	solution7- Proximity detection based on Pico listening
	1). Impact on RAN3: must support X2 interface between macro eNB and Pico.

2). Pico cost: support extra RF capacity

3). Introduce method to detect the MUEs in the Pico vicinity.
	(

	solution8- Proximity detection with broadcast assistance
	1). It is a combination of solution 5&6.

2). The standardization of presence indication or the fingerprint/alert zone information may not be that easy.

3). May reduce the offload opportunity.
	Solution 8 is essentially a combination of solution 5&6, or said it is an optimization of solution5/6.

	solution9- UE MSE based measurements
	A further enhancement of solution1 and dependent on the final decision on MSE enhancement.
	Solution 9 is a further enhancement of solution1.

	solution10- Small cell signal based control of measurements
	Solution 10 needs to be used with other solutions, e.g. solution 1.
	Solution10 needs to be used along with other solutions, e.g. solution1.


According to the summarization in Table 1, solution 3/10 needs better to be used along with solution1 and solution 9/4 is an enhancement or is essentially a variant of solution1, while solution 8 is essentially a combination or an optimization of solution 5 and/or solution 6. Thus we propose:

Proposal2. It is better to narrow down the candidate options to solution1, 2, 5, 6 and 7 in the first stage to gain efficiently focused study.
And based on the summarized impact on other groups in Table 1, RAN4 should be involved in solution 1, 4, 9 and 10 to evaluate and define a longer measurement period and to determine the relaxed side condition for solution 3. RAN4 and RAN1 should be involved in solution 2 for interference avoidance. RAN3 should be involved in solution 7 for MUEs’ uplink signal exchange. So we propose:
Proposal3. After discussing the prioritized 5 solutions (solution1, 2, 5, 6 and 7), if solution1/2 is for preference, RAN4 should be informed and involved. If solutiion3 is for preference, RAN3 should be informed and involved.
Detailed challenges of each solution summarized in Table 1 are analyzed in the following sections with the same order as captured in TR36.839.
3.1 Solution 1: Longer measurement period
In this solution, unlike the existing inter-frequency RRM measurement for mobility, some kind of longer new measurement gap may be introduced to perform less frequent background small cell search. The longer new measurement gap should be used when UE is in the macro center (macro>threshold), otherwise the existing measurement gap is used (according to Proposal1). Solution1 could well meet the 4 criteria [1] and when and which kind of measurement gap to be taken can be well controlled by eNB and be informed to UE using existing procedure with quite little impact on RAN2 specification. Thus the main challenge or issue of solution1 is RAN4 may need to be involved to evaluate and define the new measurement gap. 
Challenges/Issues to do:
· Impact on RAN4.
3.2 Solution 3: Relaxed side condition
In this solution, side conditions for measurements, such as SCH_RP, SCH Ês/Iot, RSRP and RSRQ Ês/Iot is relaxed for small cell detection. 
First, as is known, the side condition specified in 36.133 is a specified as minimum requirement. UE of course can use tighter side conditions which is up to UE vendor. To specify one more relaxed side condition (higher values) in addition to the existing specified side condition seems to make no sense. 
Second, the UE power consumption is assumed be reduced because the UE is not required to be able to measure cells at the lower SIR. The problem here is anyway UE needs to perform small cell searching even though the side condition is relaxed. If not used with other solutions, e.g. used with background small cell search, the UE may still need to perform small cell search during the existing measurement gap. So the question is comparing to the power consumed for small cell search (detection), we doubt whether the power saved due to skipping further measurement after cell searching makes any sense.
Third, if not used with other solutions, e.g. used with background small cell search, UE may still use the existing measurement gap to perform small cell search. Thus, the solution does not help to minimise interruption on the serving cell at all.
Challenges/Issues to do:

· Impact on RAN4.
· Side condition is a minimum requirement for UE thus it seems make no sense to specify one more relaxed side condition.
· Whether the UE power consumption can be minimized needs further discussion, especially if not used with other solutions.
· If not used with other solutions(e.g. solution1), the solution does not help to minimise interruption on the serving cell at all.
Observation3. To meet the 4 criteria, solution3 is better to be used along with other solutions, e.g. solution1.
3.3 Solution 9: UE MSE based measurements
The detailed solution is described in [2]. The main intention is to further enhance small cell discovery based on solution1, taking the UE speed into consideration. Enhancement of solution1 based on UE speed sounds sensible. For example, it might be reasonable to suspend small cell discovery for offload purpose for fast-moving UEs, i.e. suspending small cell discovery if a fast-moving UE is in the macro serving cell center (macro>threshold). Considering that solution 9 is a further enhancement of solution 1 and there’s no conclusion whether the MSE enhancement is needed or not and even if needed there’s quite a lot candidate options in the basket, the detail of solution 9 should be further studied later.
Challenges/Issues to do:

· A further enhancement of solution1 and dependent on the final decision on MSE enhancement.
Observation4. Solution9 is a further enhancement of solution1 thus it could be further studied if solution1 is agreed and after a final decision on MSE enhancement is achieved.
3.4 Solution 10: Small cell signal based control of measurements
In this solution, the UE can suspend inter-frequency cell search of other small cells once UE detects a sufficiently strong small cell (stronger than a signal quality threshold configured by the network). The intension may be to minimize the UE power consumption. However, the UE anyway needs to perform small cell searching before such a sufficiently strong small cell is detected. If not used along with other solutions, e.g. solution 1, the existing measurement gap will still be configured for searching this sufficiently strong small cell which will result in higher power consumption. 
Challenges/Issues to do:

· Solution 10 needs to be used with other solutions, e.g. solution 1.
Observation5. Solution10 needs to be used along with other solutions, e.g. solution 1.

3.5 Solution 4: Measurements without gap assistance
Solution4 tries to make use of a similar measurement for deactivated SCell. It is essentially a variant of solution 1, that is a longer measurement period (similar as SCell measurement cycle) is configured for small cell discovery. Whether the existing SCell measurement like cycle is enough for small cell discovery needs RAN4’s efforts.
Challenges/Issues to do:

· Essentially a variant of solution1 and impact on RAN4.
Observation6. Solution4 is essentially a variant of solution1.

3.6 Solution 2: Small cell discovery signal in macro layer
In this solution, Pico needs to support the macro cell’s carrier and transmits some discovery signal formed by legacy control channels (PSS, SSS, System information) on the macro cell’s carrier. In this way, intra-frequency measurement could be performed for small cell discovery. The challenges are, first, for efficient small cell discovery and to avoid introducing serious interference, PCI planning/management should be carefully designed or negotiated to avoid PCI collision, especially in case when the number of Pico will be greatly increased in the future . Second, RAN4 and RAN1 need to be involved to study the interference issue. Third, now intra-frequency neighbouring measurement is also controlled by S-measure. To discover small cells efficiently, intra-frequency neighbouring measurement should be always on, thus the impact on the UE power consumption should be studied. Finally, the supporting of macro’s frequency on Pico will increase Pico cost.
Challenges/Issues to do:

· PCI planning/management to avoid PCI collision.

· RAN4/RAN1 to be involved for interference study.
· Analysis of the always-on intra-frequency neighbouring measurement impact on UE power consumption.
· Pico cost increases.
3.7 Solution 6: UE based proximity detection
The autonomous cell search and proximity indication has already been applied in the CSG inbound mobility. The difference is that unlike CSG cells, there will be too many small cells for UE to store and maintain their fingerprints, which will have a higher demanding on UE’s processing and memory capacity. The small cell discovery may be delayed due to the fact that autonomous cell search can only be performed in the idle period, e.g. DRX off-duration to avoid service interruption, which may reduce the offload opportunity. And the actual power consumption consumed by autonomous cell search depends on the individual search scheme.
Challenges/Issues to do:

· UE cost: higher demanding on UE’s processing and memory capacity.

· May reduce the offload opportunity.
· Whether the power consumption can be minimized or not depends on the individual search scheme.
3.8 Solution 5: Proximity detection based on macro listening
In this solution, the proximity detection is left to macro eNB implementation. The detailed detection scheme is not clear. The detection may base on UE’s location information or fingerprint of neighbouring cells’ signal. With either scheme, the macro eNB has to maintain and track each UE’s fingerprint which will result in network complexity. Regarding the UE’s location information based detection, it may rely on UE’s GPS service which may cause extra power consumption in UE. And regarding the neighbouring cells’ signal information based detection, whether the eNB could efficiently detect the UE is in the vicinity of small cell needs to be further discussed.
Challenges/Issues to do:

· eNB cost: complexity in eNB to maintain and track each UE’s fingerprint.

· Dependent on the individual scheme, impact on UE power consumption may need further consideration or the detection efficiency should be further discussed.
3.9 Solution 7: Proximity detection based on Pico listening

Similar approach has been discussed in the CA-based eICIC for addressing the UL interference issue. The difference is the involved macro and Pico are intra-frequency intra-eNB in CA-based eICIC, while in Hetnet, the macro and Pico are inter-frequency inter-eNB. To make the solution work, first, the X2 interface must be supported between the macro and Pico which is not always realistic especially if the macro and Pico are from different vendors. Second, the Pico needs to have extra RF capacity to support the macro’s frequency and monitor MUE’s uplink signal. Third, to reduce the signalling load on X2 and minimize the Pico’s monitoring activity, method should be taken to detect the MUEs in the Pico vicinity.
Challenges/Issues to do:

· Impact on RAN3: must support X2 interface between macro eNB and Pico.

· Pico cost: support extra RF capacity
· Introduce method to detect the MUEs in the Pico vicinity.
3.10 Solution 8: Proximity detection with broadcast assistance
In this solution, the macro eNB indicate the presence/fingerprint of Pico to UE and then it is left to UE’s implementation to detect small cells. Solution8 is a UE based NW assisted solution which essentially is a combination of solution 5&6. The presence indication or the fingerprint/alert zone information should be standardized in this solution which may not be that easy, especially for the fingerprint/alert zone information. And as indicated in solution5, the small cell discovery may be delayed due to the fact that UE’s autonomous cell search can only be performed in the idle period, e.g. DRX off-duration to avoid service interruption, which may reduce the offload opportunity.
Challenges/Issues to do:

· It is a combination of solution 5&6.
· The standardization of presence indication or the fingerprint/alert zone information may not be that easy.
· May reduce the offload opportunity.
Observation7. Solution 8 is essentially a combination of solution 5&6, or said it is an optimization of solution5/6, thus it could be discussed after solution5&6 are discussed carefully.
4 Conclusion
Observation1. Small cell discovery should be adopted only if the existing inter-frequency RRM measurement for mobility could not efficiently detect small cells. That is only if the serving cell is good enough, i.e. better than a threshold.
Observation2. Small cell discovery should only be adopted when UE is served by macro cell.
According to observation1&2, we propose that:

Proposal1: It is better to clarify in RAN2 that small cell discovery should be adopted only if the existing inter-frequency RRM measurement for mobility could not efficiently detect small cells in the serving macro cell. That is only if the serving macro cell is good enough, i.e. better than a threshold/in the macro cell center. And we should keep this clarification in our mind when studying the potential solutions to avoid unnecessary enhancement.

Observation3. To meet the 4 criteria, solution3 is better to be used along with other solutions, e.g. solution1.
Observation4. Solution9 is a further enhancement of solution1 thus it could be further studied if solution1 is agreed and after a final decision on MSE enhancement is achieved.

Observation5. Solution10 needs to be used along with other solutions, e.g. solution 1.

Observation6. Solution4 is essentially a variant of solution1.

Observation7. Solution 8 is essentially a combination of solution 5&6, or said it is an optimization of solution5/6, thus it could be discussed after solution5&6 are discussed carefully.

Solution3/10 needs better to be used along with solution1 and solution 9/4 is an enhancement or is essentially a variant of solution1 according to observation 3~6. While according to observation7, solution8 is essentially a combination or an optimization of solution5 and/or solution6. Based on observation 3~7 we propose:
Proposal2. It is better to narrow down the candidate options to solution1, 2, 5, 6 and 7 in the first stage to gain efficiently focused study.
And considering the impact on other groups, we propose:
Proposal3. After discussing the prioritized 5 solutions (solution1, 2, 5, 6 and 7), if solution1/2 is for preference, RAN4 should be informed and involved. If solutiion3 is for preference, RAN3 should be informed and involved.
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