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1. Introduction
In HetNet WI, one topic is small cell discovery in the scenario with one Macro layer and one small cell layer. The major concern on small cell discovery was power consumption for UE to perform inter-frequency measurement on neighbour cells. To reduce the power consumption, RAN2 managed to make an agreement on a solution named as relaxed performance requirement for offloading purpose from Macro layer to small cell layer. In LS R2-132239 [1] from RAN2 #82 meeting, three alternatives were identified to achieve the relaxed performance requirements.
In RAN4#68 meeting, there were extensive discussions [2-7] on of feasibility and impact of relaxing RRM performance requirements but no consensus was achieved. A way forward [8] was agreed to further discuss the feasibility of relaxing RRM requirement and feasibility of type of gap pattern. Following are the details.
· Issues for investigation:

1. Feasibility of relaxing RRM performance requirements

· Investigate feasibility of relaxing requirements in offloading scenario from macro serving cell to inter-frequency carrier with small cells 

· Relax performance requirements refer to extending measurement time

2. Feasibility of type of gap pattern for small cell discovery  

· Investigate following options whether:

· Option 1: Existing measurement gap patterns (#0 or # 1) are feasible;

· Option 2: New measurement gap pattern with longer periodicity is feasible;

· Option 3: UE autonomous gaps are feasible;

· Option 4: The above options (Options 1-3) are not feasible; 

· Investigate the above options by considering impact on system performance (e.g. throughput) and UE implementation aspects

· Indicate RAN2 the above options feasible or not based on RAN4’s findings

3. Type of requirement(s) to relax

· Analyze if requirements are relaxed as considered by RAN2, then whether only cell detection time or both cell detection time and RSRP/RSRQ measurement period are to be extended

· Investigate the above issue by considering the way RAN4 requirements are defined and UE implementation aspects 

In this paper we give our views on the feasibility of relaxing RRM requirement and feasibility of type of gap pattern. 

2. Discussion
2.1 Feasibility of relaxing RRM requirements
Existing inter-frequency RRM measurement requirements are for inter-frequency mobility purpose. Unless UE is in the edge of coverage of macro layer, the handover to inter-frequency macro layer or small cell layer is not very critical. While UE is in the good coverage of macro layer, handover to a small cell is for offloading purpose in which case the discovery delay of small cell could be relaxed taking the UE power consumption into consideration. So if it is feasible to relax RRM measurement requirements depends on whether or not it will impact the mobility performance as well as it will save UE power consumption.
Some concerns were brought up during last meeting that the new relaxed measurement requirement for inter-frequency would impact the HO performance when moving between two cells deployed for coverage on different frequency layers. Actually this issue could be addressed by configuring normal measurement when serving cell’s RSRP is lower than a threshold at cell edge. How to define the threshold is implementation related. In addition to this, some implementation method like location information could also be utilized to determine when to utilize the relaxed measurement. Hence mobility performance could be guaranteed from implementation point of view.
In details as shown in Fig.1, for LPN 4 and LPN 5, which are for coverage purpose, UE keeps doing normal inter-frequency RRM measurement when the serving cell’s signal quality is below a threshold to achieve good mobility performance. While for the LPNs deployed in the dark green area (LPN1~LPN3) in Fig.1, which is for offloading purpose, due to the good enough quality of the serving cell (i.e. macro cell>a threshold), the aforementioned existing inter-frequency RRM measurement for mobility could not detect the small cells efficiently with minimized impact on UE’s battery consumption. Thus some kind of small cell discovery mechanism for offloading purpose should be introduced to improve small cell discovery. To sum up, the enhancement on inter-frequency small cell discovery is only for offloading purpose. For other cases, e.g., mobility purpose, normal RRM measurement should be always applied.
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.
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Fig. 1 Deployment example of HetNet
So based on the analysis aforementioned, we have following observation.
Observation 1: relaxing RRM measurement requirements for offloading purpose is feasible.

2.2 Feasibility of type of gap pattern for small cell discovery
Below four options of type of gap pattern for small cell discovery were listed in the WF [8] for evaluation.

· Option 1: Existing measurement gap patterns (#0 or # 1) are feasible;

· Option 2: New measurement gap pattern with longer periodicity is feasible;

· Option 3: UE autonomous gaps are feasible;

· Option 4: The above options (Options 1-3) are not feasible; 

From UE implementation point of view, option 1, option 2 and option 3 are all feasible. 
· For option 1, when UE is configured with existing measurement gap and is indicated to measurement with relaxed requirement, UE just use part of the configured gap to measurement inter-frequency small cells in the condition that relaxed measurement requirement is fulfilled. 
· For option 2, when UE is configured with new measurement gap and/or is indicated to measurement with relaxed requirement, UE use the configured new measurement gap to measurement inter-frequency small cells in the condition that relaxed measurement requirement is fulfilled. 
· For option 3, When DRX is configured and UE is indicated to measurement with relaxed requirement, UE use the non-active duration with autonomous gap to measurement inter-frequency small cells and also relaxed requirement should be meet.
From NW point of view, there are some differences among the three options. 
· For option 1 and option 3, NW should indicate UE to use relaxed requirement so that UE could do the appropriate measurement. 
· For option 2, it seems that NW doesn’t need to indicate as UE can measurement according the configured measurement gap pattern. 
· For option 3, however, maybe NW should configure appropriate DRX to make sure that UE have enough time to measurement taking traffic as well as UE power consumption into account.
From RAN4 RRM requirements point of view, it seems that option 1 and option 2 is straightforward. 
· For option 1, relaxed RRM requirement could be determined by assuming what percentage of configured gaps is used in the measurement. 
· For option 2, the methodology to determine relaxed RRM requirements could reuse what is used for the existing measurement gap and it’s quite reasonable and reliable. 
· For option 3, however, it is somewhat hard to define the relaxed RRM requirements for those UE autonomous created gaps. Maybe the relaxed RRM requirements could be related to the DRX cycle.
From system throughput or UE power consumption point of view, as it seems that it’s not possible to achieve them both at the same time, option 2 and option 3 are more favorable.
· For option 1, it is clear that it will lead to unnecessary throughput loss because the already configured subframes for measurement gap stays unavailable for scheduling. But anyway, as UE will do nothing in the unused gap, UE power is saved. 
· For Option 2, because the measurement gap period is extend, there will be less measurement at a certain period of time compared to existing measurement gap, UE power consumption will be low. If the opportunities due to the less configured gap by using new measurement gap pattern are used for scheduling, then system throughput will be rise. 
· For option 3, UE could save power at its best try because UE create the gap autonomously as long as relaxed RRM requirement is fulfilled. Furthermore NW can configure the DRX by considering traffic, so there may be some balance between system throughput and UE power consumption.
By considering all the factors above, we have below observation.
Observation 2: Option 2 is more feasible by considering UE implementation, NW signaling, specifying relaxed RRM requirement and UE power consumption/system throughput.

2.3 Type of requirements to relax
When it turns out to be that it is feasible to relax RRM measurement requirement, whether only cell detection time or both cell detection time and RSRP/RSRQ measurement period are to be extended are need more analysis.

First of all, if relaxed RRM measurement requirement is to be specified, cell detection time is to be extended. So from now on it is assumed the cell detection time is extended for relaxed RRM measurement requirement. The only issue is whether RSRP/RSRQ measurement period is to be extended or not. 
When specifying RSRP/RSRQ measurement accuracy requirement, RSRP/RSRQ measurement period plays an important role. Indeed, there is trade-off between the two. If RSRP/RSRQ measurement period is extended, there could be more samples in the period assuming we have same sampling interval and the measurement accuracy would be improved. 

For option 1, if UE uses part of the configured measurement gaps when doing cell detection whereas uses all the gaps when measuring RSRP/RSRQ, then RSRP/RSRQ measurement time can remain unchanged. Otherwise, it should be extended to meet the current RSRP/RSRQ measurement accuracy. 
For option 2, as measurement gap period is extended and current RSRP/RSRQ measurement accuracy is only applied to the existing measurement gap period, RSRP/RSRQ measurement time may be need to be extended to ensure current measurement accuracy requirement can be fulfilled.
For option 3, RSRP/RSRQ measurement time can remain unchanged as long as UE create enough gaps to do RSRP/RSRQ measurement. Of course, RSRP/RSRQ measurement time can be extended to let UE save more power which means UE can create fewer gaps to meet the requirement.

Base on the above analysis, we can summarize as blow.
Observation 3: It is up to which solution is used whether only cell detection time or both cell detection time and RSRP/RSRQ measurement period are to be extended. Also there will some tradeoffs between extending RSRP/RSRQ measurement period and UE power consumption.
3. Summary
In this paper we give our views on the feasibility of relaxing RRM requirement and feasibility of type of gap pattern.
Observation 1: relaxing RRM measurement requirements for offloading purpose is feasible.

Observation 2: Option 2 is more feasible by considering UE implementation, NW signaling, specifying relaxed RRM requirement and UE power consumption/system throughput.

Observation 3: It is up to which solution is used whether only cell detection time or both cell detection time and RSRP/RSRQ measurement period are to be extended. Also there will some tradeoffs between extending RSRP/RSRQ measurement period and UE power consumption.
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