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1 Introduction
It was concluded that to further work on the scheme of “longer background measurement/relaxed measurement” in R2-131249 [1] for inter-frequency small discovery and an email discussion [#81bis#17] was arranged. According to the feedbacks from the email discussion, we see the use cases requiring relaxed measurement are not so clear now. This paper makes clarifications on the usage scope in Section 2.
Then, regarding the three alternatives on relaxed measurement gap proposed in email discussion [#81bis#17], here we illustrate our understanding how this scheme works.

At last, we also present the challenges and issues need to resolve of other feasible solutions on the table. 
2 Clarifications on what to enhance
To minimize UE power consumption, reduce service interruption, and ensure good service continuity, in the existing homogeneous network, the inter-frequency RRM measurement for mobility is normally performed only if the signaling quality of the serving cell drops to some extent. That means no additional small cell discovery mechanism needs to be adopted if the serving cell’s signal quality is below a threshold, e.g., LPN 4/5 in Fig1. While for the LPNs deployed in the dark green area (LPN1~LPN3) in Fig1, 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. In another word, the enhancement on inter-frequency small cell discovery is only for offloading scenarios, but not for cases of coverage extension.
Observation1. New small cell discovery mechanism should be only adopted for offloading scenarios, but not for cases of coverage extension.
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Fig. 1 Deployment example of HetNet
Besides, the purpose 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 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. New small cell discovery mechanism should only be adopted when UE is served by macro cell.
According to observation1&2, we propose that:
Proposal1: It is proposed to clarify in RAN2 that the new proposed small cell discovery mechanism should be only adopted for UEs served in Macro cell performing cell detection on small cells that are deployed for offloading purpose. 
3 Challenges and way forwards
In this section, we illustrate more analysis on the three alternatives on measurement gap given by the rapporteur from email discussion [#81bis#17]. 
2.a.i) No new gap pattern
2.a.ii) new gap pattern – one gap pattern per UE

2.b) new gap pattern – multiple gap patterns per UE

For relaxed measurement on Pico layer，from our point of view, 2.a.ii) is an efficient way. As analyzed in Section 2, the relaxed measurement is ought to be only applicable for offloading purpose, in another word, when serving Macro cell’s signal quality is better than a threshold. Since network is aware the channel condition at UE, it’s straightforward to let network take the responsibility to configure different measurement gap patterns for UE according to its timely signal quality level. For UE, only one measurement gap pattern is maintained at one time.
Another issue mentioned is whether to configure different measurement gap for different frequency layer (Macro layer and Pico layer). We think when a normal measurement gap for mobility purpose is demanded, UE can use this gap to perform the measurement on both layers. It gains no benefits by configuring two different gaps since UE is requested to perform measurement anyway on the normal measurement gap. By having an additional relaxed gap, no saving on power consumption and no improvement on scheduling flexibility is achieved.
Proposal 2: At one time point, only one single measurement gap is needed, no matter for one frequency layer or multiple frequency layers. If UE requires to perform measurement for mobility purpose on any layer, NW configures normal measurement gap to UE.
In addition, for relaxed measurement, we don’t think a new gap pattern is mandatory. To us, UE can always use the idle time, e.g., OFF duration in DRX pattern to perform cell detection. In case idle time is not available, autonomous gap could be an alternative. The key factor matters this scheme would be how frequently UE has to tune away from serving frequency. Hence, we suggest asking RAN4 to decide on the requirement on relaxed measurement gap for cell detection and based on the requirement, RAN4 can decide which way to go, a new relaxed gap pattern or autonomous gap.
The benefit by using autonomous gap is to save one signaling to configure relaxed measurement gap, with the risk that the data transmitted in autonomous gap are not received by UE. However, if the autonomous gap is not very frequent, it would be not a big issue since network can always arrange the retransmission.

Proposal 3: Regarding the LS to RAN4, it is suggested to mention that RAN4 is asked to decide on the requirement on relaxed measurement gap pattern for cell detection and based on which, RAN4 can decide which way to go, a new relaxed gap pattern or autonomous gap.

In addition, we propose the signaling procedures using autonomous gap for reference. To minimize the impact to RAN2 specification, proximity indication report could be re-used to indicate the small cell is detected. Moreover, network is able to control when the UE starts to perform relaxed measurement using proximity indication reporting enable like scheme. 
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Fig. 2 Signaling flow for relaxed measurement using autonomous measurement gap
4 Analysis on potential solutions

In last meeting, R2-130956 [2] analyzed all solutions on the table from the perspective whether it could work independently, and fiver potential solutions as follows were recommended as feasible ones to make progress on solution down selection.
Solution 1- Longer measurement period
Solution 2- Small cell discovery signal in macro layer
Solution5- Proximity detection based on macro listening
Solution6- UE based proximity detection
Solution7- Proximity detection based on Pico listening
Except for Solution 1, the other four solutions are furtherly analyzed in details from the aspects of 4 agreed criteria in TR 36.839 [3] and also on the impacts on discovery efficiency, impacts on other RAN groups, and equipment cost, etc.
4.1 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.
4.2 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.
4.3 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.
4.4 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.
Proposal 4: Except for Solution 1(longer background measurement/relaxed measurement), we suggest to narrow down the candidate solutions to Solution 2/5/6/7 in the first stage.

Proposal 5: If Solution 2 is preferred, RAN4 should be informed and involved. If Solution 7 is preferred, RAN3 should be informed and involved. 
5 Conclusion
Proposal1: It is proposed to clarify in RAN2 that the new proposed small cell discovery mechanism should be only adopted for UEs served in Macro cell performing cell detection on small cells that are deployed for offloading purpose. 

Proposal 2: At one time point, only one single measurement gap is needed, no matter for one frequency layer or multiple frequency layers. If UE requires to perform measurement for mobility purpose on any layer, NW configures normal measurement gap to UE. 
Proposal 3: Regarding the LS to RAN4, it is suggested to mention that RAN4 is asked to decide on the requirement on relaxed measurement gap pattern for cell detection and based on which, RAN4 can decide which way to go, a new relaxed gap pattern or autonomous gap.
Proposal 4: Except for Solution 1(longer background measurement/relaxed measurement), we suggest to narrow down the candidate solutions to Solution 2/5/6/7 in the first stage.

Proposal 5: If Solution 2 is preferred, RAN4 should be informed and involved. If Solution 7 is preferred, RAN3 should be informed and involved.
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