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Discussion and Decision
1.

Introduction
New work item on E-UTRA small cell enhancements (SCE) was agreed in RAN#62 plenary [1]. Last RAN1 #76 meeting made the latest conclusions and working assumptions for SCE on small cell on/off . Though the discovery reference signal (DRS) design and ON/OFF mechanism are not finalized in RAN1/RAN2, different RAN WGs shall carry out the corresponding work in order to align the analysis. In this contribution we provide the preliminary consideration on SCE from RAN4 RRM perspective. 
2. Discussion
In RAN1 the DRS design is under discussion and the following agreements are achieved.

Agreements:
· A DRS comprises following signals
· Both PSS and SSS are transmitted

· Additional reference signal(s) include CRS and/or CSI-RS

· Further down select of following alternatives of DRS in RAN1 #77 meeting
· 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
From RAN4 RRM point of view, the following aspects need to be considered based on DRS design.
· Cell identification requirements
In last RAN1meeting the following agreements are achieved. 
Agreements:
· For enhanced discovery procedure:

· UE can be configured with at least one DRS measurement timing configuration per frequency

· Note: DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS
· Note: UE can detect multiple cells based on a DRS measurement timing configuration on the frequency
· UE can expect DRS in DRS measurement timing configuration
· DRS measurement timing configuration includes at least period and offset and potentially duration
· The reference timing for the offset is a serving cell timing

· FFS: Which serving cell
Cell identification delay for SCE is based on the DRS time and frequency resources and the possible timing assistance information. The assistance information is beneficial for improving the discovery performance and for reducing the UE detection complexity and power consumption. We think the principle of designing DRS should ensure simple and efficient discovery operation. Although it is agreed that DRS comprises PSS/SSS and additional reference signal and PSS is identical to the Rel-8 waveform [2], the occur occasion in time domain is possible not same as Rel-8. Thus whether evaluations on SCE cell identification delay shall carried out depends on RAN1 input.
Proposal 1: Designing DRS should ensure simple and efficient discovery operation. Whether evaluations on SCE cell identification delay shall carried out depends on RAN1 input.

· Measurements performance
A UE can assume that the DRS is available as long as the network configures the UE for DRS-based RRM measurement. Therefore, the UE can perform DRS-based RRM measurement if the associated measurement reporting is configured.

DRS based Measurement requirements and accuracy
In our understanding, DRS is always transmitted regardless the small cell is ON or OFF. The UE can assume that the cell is on and transmitting CRS if the cell is a Pcell (which is considered as always activated) or the cell is an activated Scell (based on activation signaling). When a Scell is deactivated for a UE, the UE may not be certain if the cell is on or off, so the UE should not make any assumption on the CRS transmission. Thus UE would perform DRS based measurements when configured. 
As we know the DRS is a combination of PSS/SSS and other reference signals and it is possible sparse in time and frequency domain than legacy CRS, thus it would need to evaluate the reporting delay and accuracy of DRS based measurements. For DRS based RRM measurements, it is straightforward that the requirement for the accuracy is comparable to that for the legacy RRM mechanism.
Proposal 2: It would need to evaluate the reporting delay and accuracy of DRS based measurements.

Measurement gap

If inter-frequency RRM measurements are required, measurement gaps are configured. In the last RAN1 meeting, the following working assumption is agreed.

Working assumptions:
•
UE can be configured with one measurement gap for DRS-based measurement when needed
•
Measurement gap can be used for making legacy measurement and DRS-based measurement based on configuration 
Currently two gap patterns with repetition period of 40/80 ms and measurement gap length are defined and as shown in Table 1 [3]. 
Table 1 Gap Pattern Configurations in legacy systems

	Gap pattern id
	Measurement gap length
	Measurement gap repetition period
	Minimum available time for inter-frequency measurements during 480ms period

	0
	6
	40
	60

	1
	6
	80
	30


Considering that the DRS could support longer periodicity, e.g., hundreds of ms, one solution is that DRS based measurement gap is defined and larger gap repetition periods than 80 ms need to be supported. If there is no specific need, it may be desirable that the gap repetition period should be compatible with the periodicity of the DRS. For example, the gap repetition period and the periodicity of the DRS support a multiple of 40/80 ms. 
In addition, the gap length currently is 6 ms which is defined based on the CRS based measurements in legacy systems. In current 6 ms gap length, CRS is transmitted in every subframe. However, the DRS burst may last a different number of subframes than 6 ms, probably less than 6 ms, e.g., 1 ms DRS length for one DRS burst. In this way, 6 ms gap length can be reused, since legacy CRS based measurements and DRS based measurements can be configured together. New gap length values are not precluded if large gain can be found.

Alternatively, legacy measurement gap is applied for DRS based measurement. For example as shown in Figure 1, the present gap pattern configuration 1 is configured and the network assisted information informs the DRS measurement timing configuration with the periodicity of 160 ms. In this way, the UE performs the DRS-based RRM measurements within a subset of the configured gap resource that is once per 160 ms. At the same time, the legacy CRS based measurement could be performed when a cell is on. This solution avoids the specification for new gap patterns. However, the potential issue is that the gap periods when no DRS is transmitted cannot be scheduled for the UE. This would need further consideration.
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Figure 1 Measurement gap configuration and DRS measurement timing configuration

As we know the measurement gap configuration impact the measurement occasion and then will impact on the reporting delay and measurement accuracy. Thus the measurement gap configuration shall be considered carefully.  
3. Conclusions 
In this contribution we provide the initial discussion on the SCE from the cell identification and measurement performance perspectives. We think it would be good to align the analysis from different RAN WGs before the SCE design is finalized.
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