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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. Following the study item outcome, the work item Small Cell Enhancements –Physical Layer Aspects [1] was agreed in RAN#62. 

In RAN2#85, RAN2 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 implications to RAN2 work based on the LS.
2
 RRM Measurements for OFF-cells
To summarize the RAN1 LS [2], we find that it essentially states the following things:

1. Small cell discovery procedures are only for UEs in RRC_CONNECTED

2. A cell in OFF-state may transmit discovery signals that a UE can detect

3. Intra-/Inter-frequency measurements of OFF-cells should be supported, and both RSRP and RSRQ be supported) with comparable accuracy as with current RSRP/RSRQ measurements
4. UE may receive some assistance information concerning when to do the measurements of the OFF-cells (FFS for exact contents of the assistance information and its impact to UE measurement procedure).

5. Whether UE may have OFF-cell as serving cell (e.g. in carrier aggregation or dual connectivity) is FFS
Based on the above, we can immediately see some open issues for RAN2:

1. Can both ON- and OFF-cells be subject to the same measurement events? (I.e. A3, A5, A6)

2. Is UE aware that a cell it has detected is OFF-cell?

3. Which, if any, information is required to be signalled 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 required?

In this contribution, we focus on measurement aspects. As a general note, the RAN1 LS contains several FFSs and the concept is still under heavy discussion in RAN1. Therefore, it seems reasonable to concentrate only on high-level discussion until RAN1 progresses more with their work and informs RAN2 accordingly.
2.1 DRS-based RRM Measurements
Based on the RAN1 LS, some form of “discovery signals” (DS) are to be used, with the measurements being based on “discovery reference signals” (DRS). The details of the DS/DRSs are still FFS in RAN1, but from RAN2 viewpoint the LS [2] indicates that they would be treated much the same as current UE RSRP/RSRQ measurements. In line with the present agreements in RAN1, the main purposes of the discovery signals can therefore be summarized as follows:

· Cell identity (i.e. PCI) acquisition: This is obviously the direct outcome from any cell discovery procedure. PCI identifies the cell locally, and is a part of the UE measurement report for triggered events.
· Decisions on dormant/active cells: The RRM measurement reports (containing RSRP/RSRQ of the detected cells) can assist the network in deciding which of the dormant cells to turn on and when to facilitate network energy efficiency and interference reduction.
From RAN2 viewpoint, both intra- and inter-frequency measurement cases can be considered. In that sense, this is similar to the Hetnet mobility WI [3] work on relaxed measurements, except that it is not clear whether some new type of measurement procedure based on DRS should be supported.

The scenario in which the UE needs to perform RRM measurements based on discovery signals (DS) may comprise three types of cells even on the same frequency layer (See Figure 1 below):

1. Cells not applying ON/OFF and not transmitting any discovery signals (apart from PSS/SSS/CRS; E.g. legacy cells)
2. Rel-12 cells transmitting discovery signals and that are turned OFF 

3. Rel-12 cells transmitting discovery signals and that are turned ON 
[image: image1.emf]Radio fame # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Legacy cell

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

Radio fame # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Rel-12 cell OFF DS DS DS DS DS DS DS DS

Radio fame # 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Rel-12 cell ON

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS

DS + 

PSS / 

SSS / 

CRS

PSS / 

SSS / 

CRS


Figure 1. Three types of cells exist from UE discovery / RRM measurement point of view.

As per normal RRM reporting framework, the UE should report the detected cells triggering the configured events to the eNB along with the corresponding measurement quantities (i.e. RSRP, RSRQ) that are configured for reporting. As the eNB uses the measurement reports for making the decision on e.g. handovers and SCell assignments, it is apparent the RRM measurements based on DS should be comparable with the RRM based on legacy PSS/SSS/CRS in terms of accuracy and e.g. the interference they reflect. Furthermore, introduction of DS should impact the complexity of cell search and RRM measurements / reporting as little as possible.

Observation 1: The discovery signals should ensure simple and efficient discovery operation also in the presence of legacy cells not transmitting any DS.  

Given that the measurement reports could be used as input to whether a cell should be turned on, a UE detecting an OFF neighbor cell might have to compare the cell against the serving cell, resulting in a comparison between ON-cell (i.e. serving cell) and OFF-cell (neighbor cell). 
Observation 2: If current RRM framework is used for measurements of OFF-cells, comparisons between ON and OFF-cells may happen.
It is not yet decided how and based on which reference symbols the measurements would be done, but it seems possible that the measurements of ON- and OFF-cells could be done at different intervals – similar to current measurements of deactivated SCells are done based on different DRX cycle than measurements of activated SCells. 
Observation 3: Measurements of ON- and OFF-cells may be done at different intervals.

As shown in Figure 1, a UE searching for DS signals may not be able to find the cells without assistance information. Hence, it is expected that the UE would be either assigned with instructions on when to perform the measurements (this could be e.g. similar to eICIC measurement restriction patterns), and the eNB would, based on e.g. X2 signalling, have the knowledge to ensure that the configuration of UE measurement occasions coincide with the (periodic) time instances when discovery signals are transmitted from the neighbouring cells. Due to this, we also assume that the network would be synchronized at least to a certain degree, i.e. at least subframe timing would be aligned among neighbouring cells. However, it should be assumed that the UE knows when the discovery signals are present; otherwise due to the relatively large periodicity of discovery signals the UE power consumption as well as the measurement complexity would be unnecessarily increased.

Observation 4: UE should receive assistance information on when to do measurements of OFF-cells.
It also seems reasonable to assume that since the measurements are only meant for RRC_CONNECTED UEs, the same RRM measurement framework as currently should be possible to reuse. This would enable reuse of the whole RRM measurement framework, enabling the ON/OFF-switching to work together with other features. 
Proposal 1: Measurements of OFF-cells are supported with the same RRM measurement configuration as currently. 
However, it may be desirable to trigger measurement reports for ON- and OFF-cells slightly differently. One possible way is to utilize the cell-individual offsets, or the cell-specific TTT values recently added in Hetnet Mobility WI. However, neither of these is state-dependent, i.e. the same offset/TTT value is used regardless of whether the cell is ON or OFF. Hence, since it may be desirable to consider whether additional mechanisms are needed for differentiating measurement event triggering of OFF-cells.
Further, it is not yet clear whether eNB indicates to UE which cells are expected to be OFF-cells in a frequency, or whether the UE detects the OFF-cells e.g. based on the used DRS. If the eNB has knowledge of the OFF-cells, it may be able to determine based on the reported PCI if a given cell triggering a measurement report was OFF. However, if the detection of the state of the cell is left up to UE, it seems natural that the UE should also be indicate the state of the triggering cell in a measurement report, so that an eNB receives the information and can decide e.g. whether to request to turn a cell ON or not, especially since the eNB may not always be aware of the states of the neighbouring cells. Therefore, it may be desirable to have UE event configuration such that reports of ON and OFF cells can be differentiated at eNB.
Proposal 2: UE event-configuration may need to differentiate reporting of ON and OFF-cells.

However, we would point out that since RAN1 work has not yet progressed to a stage where the entire solution is available, it is not possible to start detailed work in RAN2.

Observation 5: RAN2 has to wait for RAN1 to progress with their work before progressing to the Stage 3 work on the measurements.

3
Conclusion
This contribution discussed the DRS-based RRM measurements and its impacts to the RAN2 measurement framework. Based on our observations, it seems that the RRM measurements of DRS can be supported with the current RRM framework, but depending on the exact RAN1 details, some additions may be required.

Following observations were made:

Observation 1: The discovery signals should ensure simple and efficient discovery operation also in the presence of legacy cells not transmitting any DS.  

Observation 2: If current RRM framework is used for measurements of OFF-cells, comparisons between ON and OFF-cells may happen.
Observation 3: Measurements of ON- and OFF-cells may be done at different intervals.

Observation 4: UE should receive assistance information on when to do measurements of OFF-cells.
Observation 5: RAN2 has to wait for RAN1 to progress with their work before progressing to the Stage 3 work on the measurements.

We propose the following:

Proposal 1: Measurements of OFF-cells are supported with the same RRM measurement configuration as currently. 
Proposal 2: UE event-configuration may need to differentiate reporting of ON and OFF-cells.
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