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1. Introduction
Small cell on/off and discovery topic was discussed for the first time in RAN2#85bis meeting. It is part of the RAN1 led work item on Small cell enhancement-Physical layer aspects [1]. Initial RAN1 agreements and conclusions were sent to RAN2 in LS [2], and RAN1 has made further agreements in RAN1#76bis meeting [4].

The WID [1] states the following description regarding small cell on/off and discovery:

Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

In this contribution we describe the potential impacts on RAN2, based on our current understanding from RAN1 progress.
2. Overview
In RAN2#85bis meeting, it was not clear how progress could be made given that important design decisions are still FFS in RAN1. Even if RAN2 work may still need to wait for such decisions from RAN1, it can be interesting to clarify the overall goal and envisaged solutions from RAN1 perspective.

From the study item report, small cell on/off appears mainly as a way to enhance overall system capacity by mitigating (mainly CRS) interference. Additionally, it enables energy saving on network side. The scenarios under consideration are especially dense small cells deployment scenarios, in which only a few or even no UEs may be connected to or may have traffic with the small cells. In such scenarios, it may be desirable to be able to shut down small cell transmissions for those small cells not serving any UEs, preventing the legacy reference and synchronization signals as well as control channels to interfere with neighboring small cells serving UEs. 
The small cell on/off schemes have been classified as follows, based on the time scale of the on/off scheme:
· Long term schemes, for energy saving – refers to schemes studied by RAN3 in Energy Saving WI/SI, not considered in the RAN1 WI
· Semi-static on/off schemes. 
· Ideal, dynamic on/off schemes: the small cells may be turned on/off on a subframe level
However, from a UE point of view, a further important classification is to know whether the UE is already associated to the on/off cell (i.e. served by that cell – hence no need to discover) or not (possibly need to discover it). In the context of this paper, we will consider the following procedure types:

· Semi-static on/off procedure: procedure involving new association to (or release from) the on/off small cell.
· Dynamic on/off procedure: procedure not involving such association or release (i.e., UE is already associated to the small cell). Not necessarily ideal as the time scale may not be at the subframe level, but still typically faster than semi-static on/off procedures.
In order to support these schemes, a new discovery procedure based on DRS (Discovery Reference Signal) is introduced. A small cell in OFF state can broadcast DRS to enable UE to perform discovery and RRM measurements before the cell is actually turned ON. Compared to legacy PSS/SSS/CRS, DRS would be transmitted with low periodicity, hence limiting interference while the cell is OFF. Network assistance information is envisaged to help the UE locate the DRS.
The DRS is expected to be used by the UE for discovery as well as for RRM measurements. On the other hand, the UE measurement reports based on DRS can also be used by EUTRAN to make relevant decisions regarding switching the cell ON.
3. DRS based RRM measurements

The following was agreed by RAN1 in the LS sent to RAN2 [2]
· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported

· For RRM measurements, support DRS-based RSRQ-like measurements

Moreover, the following was agreed at RAN1#76bis [4]
· 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
A working assumption was also agreed:
· 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
The RRC RRM measurement framework is based on a MeasConfig storing a list of configured measurements (MeasIds). Each configured measurement is described by the association of a MeasObject (what is the object to measure – e.g. carrier/cells) and a ReportConfig (which quantity is measured – when/how it is reported). A MeasGapConfig is used to configure a gap pattern, if needed by the UE. The gap pattern configuration is not associated to a particular measurement but is common to all measurements. It is up to the UE to share the gaps between several measurements if needed.
In our view, a natural way to configure the DRS based RRM measurements would be as follows:
· The ReportConfig could be enhanced if needed to indicate to measure/report a DRS based measurement quantity, and include new events if deemed needed.
· The MeasObject could be enhanced to store the DRS measurement timing configuration(s) for DRS based measurement. 
· The MeasGapConfig could be enhanced if needed to store new patterns.
In the following, we discuss further the impacts and open issues.
ReportConfig related parameters 

The first issue regarding DRS is that it has not been agreed yet whether the DRS would also be sent when the cell is on, and if DRS based measurements would also need to be performed in that case – in addition or replacing CRS based measurements. In our view, it would be preferable that DRS based measurement could be performed continuously (without the need for the UE to know the cell state) as it would bring several benefits:
· For served UEs, consistent measurements between cell off and cell on states avoiding ping/pong like issues.
· For other UEs monitoring the cell, consistent measurements between cell off and cell on states avoiding to switch to CRS based measurements.
· It seems also more consistent with the RRM measurement framework, in which a given unique quantity is supposed to be measured; in this case, DRS based RSRP or RSRQ.
Observation 1: It would be beneficial to have DRS sent independently of the on/off cell state.
As second issue would be whether the DRS based RSRP/RSRQ can be directly compared to CRS based RSRP/RSRQ. It is likely that UE would need to support deployments with both DRS-based cells and legacy cells (typically on different frequency layers but could be also on the same frequency layer), and have to compare their measurements for event triggering purpose. If those measurements are not “equivalent” from RRM point of view, new events may be needed to correctly handle DRS-based RSRP/RSRQ.

Observation 2: Comparable CRS-based and DRS-based measurements would reduce RRM impacts.
Among the several solutions discussed in RAN1, we can also note that if DRS is designed as a time subset of legacy PSS/SSS/CRS (by transmitting them only periodically based on a given pattern), then we would essentially have comparable RSRP/RSRQ measurements since in such a case, DRS based RSRP/RSRQ could basically match with CRS based RSRP/RSRQ. Obviously such a solution would limit the impacts on RAN2 measurement framework.
Finally, it can be discussed if it would be needed to explicitly request in ReportConfig (or MeasConfig) to measure/report a DRS based measurement quantity. If we want to be able to configure both CRS-based and DRS-based measurements on the same frequency (to support deployments with both on/off cells and legacy cells on the same layer), this would be required, given that there is only one MeasObject per frequency layer. However, depending of RAN1 decision on DRS, this may not be required at all. If for instance DRS are a subset of CRS with increased periodicity, there would not be any need to differentiate between CRS and DRS-based measurements. Legacy cells would be measured using “DRS",  as if they were small cells. Note that this solution would have significant advantage over configuring both CSR-based (for legacy cells) and DRS-based (for small cells) measurements on the same frequency layer. Indeed, having CRS-based measurements configured would result in small cells being detected/measured/reported also as legacy cells, intermittently, unless some signaling is added to identify them (such as an additional cell list). With such solution, the presence of DRS measurement timing configuration in MeasObject could implicitly indicate to perform measurements on this MeasObject using DRS.
MeasObject related parameters
As indicated, the RRM framework currently uses one MeasObject per frequency layer. Moreover some NW assistance information are already included (like NeighCellConfig, which help to determine which sub-frames for cells on the frequency layer are not MBSFN and can be used for CRS-based measurements). As such it seems to be the best place to store DRS measurement timing configuration(s) and cell lists. One important point to note though is that by default, MeasObjects are kept and could be used at reestablishment. So ideally they should not contain information relative to the serving cell, since that cell can change without NW control (existing NeighCellConfig parameter, which describes neighbor configuration with respect to the serving cell, is an example of such information). If the DRS timing offset is relative to the serving cell timing, behavior at reestablishment may need to be checked / corrected.
In our understanding, an envisaged deployment scenario could include small cells clusters (capacity layer) under the coverage of a macro cell. Small cells within the same cluster would be synchronized together (with DRS sent at the same time) and with the macro cell (fixed timing offset). Small cells from different clusters may be synchronized. In such case, if gaps are needed to perform the measurement, it is expected that UE will be configured with a pattern matching with the DRS measurement timing configuration.

If clusters with different DRS timing offsets need to be supported, the MeasObject may include several DRS measurement timing configurations / cell lists. However, if gaps are needed to perform the measurement, there will be further limitations in the choice of DRS timing offsets to have all DRS falling in the gap pattern.
Observation 3: RAN2 would need further input on the maximum number of DRS measurement timing configuration(s) / cell lists to be supported by frequency layer.
Proposal 1: The MeasObject could be enhanced to store the DRS measurement timing configuration(s) for DRS based measurement. 

MeasGapConfig related parameters
No change may be needed if DRS pattern is a subset of existing gap patterns. Though, new patterns may still be define to better match the sending of DRS and avoid useless gaps. 
Observation 4: Existing gap patterns may be used for DRS-based RRM, or new ones added, depending of RAN1 conclusions. 
4. Small cells on/off procedures
As discussed in section 2.1, we consider separately the semi-static procedures involving new association to (or release from) the on/off small cell, from dynamic procedures while the UE is already associated to the on/off small cell.
In our view these procedures are not exclusive but complementary, since they do not apply for the same use cases. 

Semi-static on/off procedures
In these procedures, a small cell is turned on when a UE is associated to it, and turned off when no UEs are associated to it.  

The principle is to link small cell on/off to the procedures performing cell association:

· Handover to/from the small cell

· SCell addition/removal in CA scenario

· SeNB addition/release in Dual Connectivity scenario

The procedure for handover to the small cell is illustrated below. Same principle can be used for SCell addition/removal in CA scenario and SeNB addition/release in Dual Connectivity scenario.

Apart from DRS based cell detection and measurements, no further impact on RAN2 is expected to support such scenarios. These procedures are further studied in RAN3.
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Proposal 2: Agree that semi-static small cell on/off can be supported, with no further impact in RAN2 in addition to DRS based RRM procedures.
Dynamic on/off procedures
In these procedures, the UE is already associated to the on/off small cell.
It can first be noted that when a legacy UE is associated (served) by a cell, it can assume frequent broadcasting of synchronization signals (PSS/SSS in subframes 0 and 5, CRS in non-MBSFN subframes). These signals may be used also when UE is not scheduled. Typically, the UE needs some subframes for synchronization purpose (AGC, FFE, FTE) before it can be scheduled in CDRX active time or after SCell activation. CRS based measurements may also be performed in CDRX off or SCell deactivated states to fulfill RRM measurements performance requirements or for other purpose (path loss measurements, …)
Hence, whenever connected to a serving cell, the UE needs to know if legacy signals may not be sent, and if yes when they are not sent.
Regarding the first information, one option is to consider that this is the same as knowing whether DRS is broadcasted. I.e., if the UE is configured for DRS based measurement, then it shall not assume the presence of legacy signals (even for non RRM purpose). However, it may happen that the cell only support semi-static on/off scheme, in which case even though DRS are sent, so are the legacy signals, and UE could use them for improved performance.
Observation 5: Depending of the on/off schemes supported, it may be beneficial to signal the possible absence of legacy signals separately from the signaling of DRS presence.
Note that the UE may want/need to use DRS for those other non RRM related purpose, hence it would need to know when DRS is broadcasted. This information could be retrieved from MeasConfig, or indicated separately. This would be useful if no measurements are configured, which is theoretically possible, however we do not think this would be a realistic use case.
Regarding the second information, no L3 signaling is expected. In our understanding, this would be derived either from predefined rules or using lower layer procedures. 
Main candidate solutions being looked at by RAN1 includes, among pure L1-based schemes, the following schemes, which are based on RAN2 procedures.
SCell Activation/Deactivation based
The small cell on/off can easily be linked to SCell Activation/Deactivation, i.e., a small cell could be turned off whenever deactivated (for all associated UEs), provided the UE is aware of this behavior and e.g. presence of synchronization and other needed reference signals (e.g. CRS) before activation is agreed.

In the context of dual connectivity, as it has been decided that PSCell cannot be deactivated, this scheme can be supported only on normal SCells, not on PSCell. 
CDRX active time based
It seems also quite natural to allow the small cell to be switched off while the UE is in DRX, assuming connected mode DRX is configured. In case several UEs are connected, best results would be achieved by configuring the same DRX patterns. However it is noted that small cell on/off schemes are mainly intended for and are most useful in cases with a small number of UEs connected to the small cells.
Such a scheme would enable PSCell on/off in case of dual connectivity scenario, as well as standalone small cell on/off scenario. In our understanding, due to non-ideal backhaul latency between MeNB and SeNB in dual connectivity scenario, schemes involving cross cell signaling (based on CA activation/deactivation like signaling, or new L1 procedure signaling) are not suitable. The CDRX based schemes seems a good candidate for PSCell. If this solution is down-selected by RAN1, it may be needed to discuss further details in RAN2. Indeed, predefined rules would be needed to relate in a robust way the UE DRX off time with the small cell off state. 
Observation 6: CDRX based scheme seems interesting especially for dual connectivity PSCell on/off, and may be further discussed in RAN2 if down selected by RAN1.
5. Conclusion 
In this contribution, we have analyzed possible impacts on RAN2 related to small cell on/off and discovery, and derived the following observations and proposals:
Observation 1: It would be beneficial to have DRS sent independently of the on/off cell state.
Observation 2: Comparable CRS-based and DRS-based measurements would reduce RRM impacts.
Observation 3: RAN2 would need further input on the maximum number of DRS measurement timing configuration(s) / cell lists to be supported by frequency layer.

Observation 4: Existing gap patterns may be used for DRS-based RRM, or new ones added, depending of RAN1 conclusions. 

Observation 5: Depending of the on/off schemes supported, it may be beneficial to signal the possible absence of legacy signals separately from the signaling of DRS presence. 

Observation 6: CDRX based scheme seems interesting especially for dual connectivity PSCell on/off, and may be further discussed in RAN2 if down selected by RAN1.

Proposal 1: The MeasObject could be enhanced to store the DRS measurement timing configuration(s) for DRS based measurement, associated with cell lists (PCIs). 

Proposal 2: Agree that semi-static small cell on/off can be supported, with no further impact in RAN2 in addition to DRS based RRM procedures.
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