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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN plenary #62 meeting, the WI of small cell enhancements (SCE) was approved, which initiated the introduction of small cell features in 3GPP[1]. SCE work has been on-going since RAN1#76 and the discussions were mainly focused on the following three aspects:
· Higher order modulation using 256QAM
· Small cell on/off and discovery
· Procedures for small cell on/off transition time reduction
· Discovery signal(s) and measurements
· Radio-interface based synchronization (RIBS)
Up to RAN1#76bis meeting, significant progress has been achieved based on extensive and in-depth discussions. The conclusions indicated that there are potential standardization impacts on RAN4 specifications.
Considering the newly introduced SCE features/procedures above, 256QAM is mainly related to RF requirements and demodulation performance parts. Thus this will impact the RAN4 RF core specifications. Small cell on/off and discovery as well as RIBS leads to changes in UE measurement and accuracy requirements. Thus this will influence the RAN4 RRM part.
In this contribution, based on the agreements achieved up to RAN1#76bis, several SCE potential impacts on RAN4 RRM requirements were analyzed to facilitate and progress the SCE work in RAN4.

2 Progresses on Small Cell Enhancements in RAN1
After detailed discussions, RAN1 has already agreed on several new features of SCE. Regarding the RRM related parts, some of them are summarized in this section..
2.1 Small cell on/off and discovery
· Procedures for small cell on/off transition time reduction
· New L1 procedure for activated SCell
· Discovery signal(s) and measurements 
· UE can be configured with at least one DRS measurement timing configuration per frequency
· DRS candidates
· Alt. 1: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CRS with configurable
· Alt. 3a: DRS is PSS/SSS/CRS
· Alt. 3b: DRS is PSS/SSS/CSI-RS
· Alt. 5: DRS is PSS/SSS/CSI-RS/CRS or PSS/SSS/CSI-RS with configurable
· Rel. 12 discovery signal should identify transmission point
· Rel. 12 discovery signal should facilitate small cell on/off

2.2 Radio-interface based synchronization
· Specify listening RS including RS pattern, subframe periodicity and offset for both FDD and TDD
· Network listening between the cells of different operators operating in the same TDD band needs to be possible
· PRS and/or CRS is used as the listening RS for RIBS
· Subframe-level muting is supported for RIBS

3 Analysis of potential impacts on RAN4 RRM requirements
[bookmark: _GoBack]Based on the agreements listed above, several potential impacts on RAN4 RRM requirements will be discussed and analyzed in this section, which are separated and explicated in four sub-clauses.

3.1 Potential impacts on cell detection
The purpose of cell detection is to find the appropriate cells to access to. In small cell enhancements scenario, the deployment of stations is much denser, which brings more severe inter-cell interference. This will make the detection based on CRS unable to meet current cell detection requirements. At the same time, CRS based cell detection if not sufficient for small cell scenario, which requires UE to be able to detect more cells for scheduling optimization. Therefore, the Rel-12 cell detection is more likely to utilize DRS and it is necessary to evaluate the corresponding performance for small cell. In addition, the number of small cells with detection probability higher than 90% is also needed to be specified.

3.2 Potential impacts on RSRP/RSRQ measurement accuracy
Since RAN1 introduced DRS as a new reference signal and determine to only transmit DRS for small cell in OFF state, RSRP/RSRQ measurement is probably performed based on DRS and it is needed to further evaluate the measurement accuracy with DRS pattern defined in RAN1. Considering the small cell on/off states, definition of RSSI may be changed, which will influence the accuracy for RSRQ measurement and corresponding test cases are expected to be added.

If current RSRP/RSRQ measurement accuracy is suggested to be remained after evaluation, the measurement gap and period based on DRS may need to be changed since it has different pattern compared to CRS. Moreover, considering different timing configurations and cell states between neighbor small cells, UE may take different period to perform RSRP/RSRQ measurement. Thus, it requires further discussion to consider whether it is necessary to define different accuracies for small cells ON/OFF state.

3.3 Potential impacts on Radio link Monitoring
In small cell WI, DRS is defined to perform cell discovery and small cell on/off is an essential feature for flexible deployment and interference avoidance. Based on RAN1 conclusion, small cell in OFF state would only transmit DRS. Thus, it is reasonable to monitor the downlink quality based on DRS instead of CRS for RLM in small cell scenarios. Accordingly, RAN4 may need to define new DRS based test cases to further verify the RLM performance.

3.4 Potential impact on cell phase synchronization
In small cell WI, RIBS is recognized as a promising and flexible synchronization scheme. According to RAN1 conclusions, it has been determined to specify listening RS to support RIBS, which makes the radio-interface synchronization is no longer a BS implementation issue in RAN4. Therefore, it is not sufficient to only specify the requirement, but also necessary to indicate basic RIBS principle and define detailed test cases for synchronization.
Radio-interface based synchronization was studied as a complementary approach for Rel-9 HeNB. However, it still needs further study on support of multiple-hop synchronization. In small cell WI, the deployment could be denser and the on/off procedure could be more flexible, which makes it more frequent to change donor eNB and stratum level when performing radio-interface based synchronization. As a result, it is necessary to further evaluate the applicability of current synchronization requirement and find whether it is reasonable to define a relaxed requirement under multi-hop scenario.
In addition, RAN1 has agreed on the possibility of network listening between cells of different operators in the same TDD band. Accordingly, RAN4 needs to define corresponding test cases and verify the synchronization requirement. However, it still needs further study on how to realize proper configurations between TDD operators and whether it is necessary to specify a separate synchronization requirement for this scenario.
Since RAN1 had determined to capture RIBS in specification as an essential approach for small cell synchronization, it is predicted that RAN4 has to make obvious changes on defining synchronization requirement, with many detailed configurations added. Hence, it is still a challenging issue to get balance between a unified specification and the flexible implementation.

4 Conclusion
In this contribution, several SCE potential impacts on RAN4 RRM requirements are analyzed based on current progresses in RAN1. It is suggested to take the analysis into consideration in future discussions.
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