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1 Introduction
The Small cell physical layer enhancements Study Item was concluded after the decisions in 3GPP RAN WG1 meeting #75 and the RAN#62. One of the topics discussed intensively is the small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as interference during the times when the network load is low. 
RAN4 recently received an LS from RAN1 [2] on the current status of the Small Cell Physical Layer WID. In this contribution, we discuss the some of the possible implications to RAN4 work based on the LS. In this paper we will discuss a bit further on the possible UE impact related to cell detection and measurements on such a cell which is under network on/off control.
2 Discussion
The impact on UE RRM measurements from turning a cell on and off happens if the UE measurements are performed sometimes while the cell is on and at other times when the cell is off. 
RRM Measurements for ON/OFF-cells
Based on the above, we can immediately see some open issues for RAN4:

1. Can both ON- and OFF-cells be subject to the same measurements performance and accuracy?

2. Is UE aware that a cell it has detected is in OFF state or ON state?

3. Which, if any, information is available to the UE as assistance information for the discovery measurements in addition to timing related information?

4. Are there effects to measurement gaps, e.g. are different gap patterns than are currently defined required for measuring OFF-cells?
Following, we focus on measurement aspects. As a general note, the RAN1 LS contains several FFSs and the concept is still under discussion in RAN1. Therefore, it seems reasonable to concentrate only on high-level discussion until RAN1 progresses more with their work and informs RAN4 accordingly.

RRM Measurements

On/Off cells are defined so far to be used only for UE’s in connected mode. For connected mode we need to consider both intra-frequency and inter-frequency measurements, as well as the fact that Connected mode UE’s may consists UE’s that can perform inter-frequency measurements with and without gap-assistance.
For all cases the UE performing the measurements may or may not be applying connected mode DRX depending on the network configuration as well as on the immediate scheduling.
All of the listed cases has some impact on the UE measurement requirements. Currently the requirements are working well as the cells are continuously transmitting the reference signal used for measurements. Even in eICIC, where the UE measurement occasions are restricted, it is still assumed that UE has the choice of selecting when to measure during the indicated timing restrictions.
Observation 1: Current requirements are based on periodic repetition of primary/secondary synchronization signals (PSS/SSS) and continuous presence of cell-specific reference signals (CRS).
The CRS is transmitted continuously by the different cells. This has been used when defining the requirements and the current requirements does not say specifically when the UE shall perform the measurements. This is left for UE implementation as long as the UE can fulfil the requirements set. 
When introducing On/Off cells this approach is no longer valid as a basic assumption. The RAN1 details are still FFS, but the overall principle is that the reference signals for OFF-cells would be transmitted somewhat discontinuously. 
According to the RAN1 discussions there will either be new discovery or reference symbols defined to be used by UE for performing cell detection and/or measurements or the existing references symbols may be applied in On/Off mode – i.e. sometimes they are present and sometimes not. Either way the impact on RRM measurement requirements may be rather big.

Observation 2: On/Off cells may introduce rather big impact on UE RRM measurement requirements.

The assistance information UE is told concerning the discovery signals is still FFS in RAN1, but if we consider that the cell On/Off pattern is semi static this information may be distributed to the UE which may help the UE when performing measurements. On the other hand this information is then only useful if also the UE is informed about which cells can be in On/Off state. 
If we then instead think that the On/Off pattern is more flexible and on a TTI basis it may become more complicated to inform the UE or for the UE to know when a specific cell is in On state and when it is Off state.

Anyway – in either of the approaches it seems beneficial to inform UE’s about further details of the On/Off pattern:
Observation 3: it seems beneficial to inform UE’s about further details of the On/Off pattern.

WF on RRM Measurements
Based on the discussion it seems likely that when introducing On/Off cells this will have clear impact on the RRM measurement requirements. The basic fundamental basis of the current requirement – reference signals are transmitted continuously by the eNB – will likely no longer be valid.

It can also be acknowledged is that the impact will highly depend on the decisions made in RAN1 as well as in RAN2.

As also pointed out in [5] it seems that neither RAN1 nor RAN2 has yet progressed to a stage where the entire solution or the parts impacting e.g. RRM measurement requirements are available, it is not possible to start detailed work in RAN4.

Observation 4: RAN4 should wait for RAN1 and RAN2 to progress with their work.
3 Conclusions

This contribution discussed the small cell On/Off and its impacts on RRM measurements. Based on our observations, it seems that the RRM measurements will be impacted maybe even significantly, but this will depend on the exact RAN1 details and further decisions in RAN2. 
Following observations were made:

Observation 1: Current requirements are based on periodic repetition of primary/secondary synchronization signals (PSS/SSS) and continuous presence of cell-specific reference signals (CRS).

Observation 2: On/Off cells may introduce rather big impact on UE RRM measurement requirements.

Observation 3: it seems beneficial to inform UE’s about further details of the On/Off pattern.

Observation 4: RAN4 should wait for RAN1 and RAN2 to progress with their work.
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