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1 Introduction

One of the objectives of the small cell enhancements WI recently approved in the RAN plenary [1] is to introduce discovery procedure/signals for efficient operation with reduced transition time of small cell on/off:

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 addition, in RAN2#75 a LS from RAN1 [2] listed open issues for small cell on/off and discovery:

· Followings are open issues of small cell on/off and discovery to reduce the transition time

· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS
In this contribution, we discuss discovery procedure/signals for different scenarios. 
2 Discussion

In this section, we provide an overview of possible small cell on/off procedures utilizing DRS. 

2.1 Use cases for DRS measurements and supported cell states
One of the key facilitators for more efficient on/off operation is the ability for the network to obtain measurements of the cells which are currently off in order to determine whether nearby UEs may benefit from associating with the cells if they are turned on. In addition, apart from supporting efficient small cell on/off observations from simulation results by companies generally show the need to consider enhancement to small cell discovery in densely deployed small cell scenarios (which are all turned on). 
Observation 1: DRS detection and RRM measurement procedure can be configured to the UE for a cell that is in an on or dormant state.
Further, there is benefit as DRS based RSRP/RSRQ reports can be used by the network to enable efficient ICIC and CoMP operations, which cannot be done with the coverage limited PSS/SSS. It should be noted that RAN1 has agreed that TP identification for shared cell ID deployments such as CoMP scenario 4 is supported by the DRS, specifically through the inclusion of CSI-RS as part of the DRS. In our view, the primary motivation for supporting TP identification is to enable CoMP CRM (CoMP Resource Management).
Observation 2: CoMP CRM can be supported by DRS measurement procedures.
Considering the use cases discussed in the previous section, it is useful to define the possible states of a cell corresponding to different combinations of downlink signal transmissions. In our view the following four states can be considered: 
A. ON: Cell is on; transmitting legacy signals and channels (e.g. PSS/SSS, CRS, PBCH, etc.)

B. ON+DRS: Cell is on; transmitting legacy signals and channels and also transmitting the DRS

C. OFF: Cell is off completely with no transmissions (i.e. pre-Rel-12 on/off mechanism)

D. Dormant: Cell is only transmitting DRS periodically. No other signal is transmitted.
States A) and C) can be regarded as the existing legacy on/off states. States B) and D) are new states introduced in Rel-12 utilizing the DRS to be defined in RAN1. For the sake of convenience both the legacy ON state and the newly introduced ON+DRS state will be referred to as a cell being “on” unless a specific need for differentiating between the two is given.

Awareness of the cell state at the UE should be further discussed since it may be needed if the legacy performance requirements cannot be met by DRS measurements when a cell is in an “ON” state pending RAN4 evaluations. RAN2 should consider that this topic is still under discussion in RAN1 which may impact the DRS measurement configuration and reporting procedures.

2.2 On/Off, DRS, and, CA activation/deactivation procedure
In our view, the use of DRS-based measurements and transitions between the different states can be considered as part of cell discovery, handover, Scell activation/deactivation, and dual connectivity procedures. Other solutions are also possible based on MAC or L1 procedure with some modifications which can be discussed depending on the progress in RAN1 concerning the support of any new L1-based procedures for operating small cell on/off.
However, one of the key scenarios for Rel-12 small cell on/off identified in RAN1 is based on Scell activation/deactivation with a PCell which is always on. A CA-capable UE may have multiple SCells configured for the UE and the serving cell can activate or deactivate SCells if required. Network implementation can implicitly link cell on/off transition with SCell activation/deactivation. If a SCell is deactivated for a UE and it does not serve any other UEs, then this SCell can be dormant. If a dormant SCell is activated for a UE, then it should enter an on state. 
Small cell on/off using SCell activation/deactivation procedure is illustrated in Figure 2. 
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Figure 2: Small cell on/off with SCell activation and deactivation procedure

Observation 3: DRS-based RRM measurement is beneficial to support Scell activation and deactivation triggering for CA-based small cell on/off operation.
Additionally, in RAN2#86 as LS from RAN1 [4] was received which listed the following agreements:
Agreements:
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS.

· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration.
Further agreement was reached in the RAN1 email discussion that followed RAN1#77 meeting:

· If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until the subframe wherein the activation command is received at the UE.

· FFS MBMS on this SCell.

· FFS further reduction of CRS in an activated SCell.

As a result of the above agreements, there is a need to change the measurement behavior for the CA-based on/off scenario since the existing Scell measurement behavior allows for the configuration of measurements for a Scell, even when it is deactivated for a particular UE. 

One approach is for the network to configure DRS-measurements and never configure a Scell measurement cycle for any of the cells on a carrier frequency which is operating on/off. During the deactivated period the UE performs measurements according to the configured DMTC.  
However, in our understanding DRS measurements and the existing Scell measurement framework can coexist during ON and ON+DRS states of an activated Scell as a network implementation choice. In this case new behavior can be considered to support CA-based on/off operation:
If configured for legacy CRS and DRS measurement on the carrier frequency of a configured Scell(s), a UE autonomously suspends non-DRS measurements at Scell deactivation. During the deactivated period the UE only performs DRS measurements, while taking the configured MeasCycleScell into account. Upon Scell activation, a UE resumes any non-DRS measurements for the respective cells.
Observation 4: New UE measurement behaviour is need for a deployment where a network may switch deactivated Scells to dormant state.
3 Conclusions

Based on the observations made in the contribution the following proposals are made:
Proposal 1: DRS measurements are applicable for mobility, CA, CoMP CRM, and DC scenarios and in generally improving cell detection performance. For DRS-related procedures RAN2 shall consider a cell to be in one of the following 4 situations (“states”):

ON: Cell is on; transmitting legacy signals and channels (e.g. PSS/SSS, CRS, PBCH, etc.)

ON+DRS: Cell is on; transmitting legacy signals and channels and also transmitting the DRS

OFF: Cell is off completely with no transmissions (i.e. pre-Rel-12 on/off mechanism)

Dormant: Cell is only transmitting DRS periodically. No other signal is transmitted.
Proposal 2: For CA activation/deactivation procedure, an SCell can be configured if the cell is either in ON, ON+DRS, or Dormant state. An Scell can only be activated for a UE when the cell is in ON or ON+DRS state.
Proposal 3: New measurement behavior is introduced to support CA-based on/off operation:

If configured for legacy CRS and DRS measurement on the carrier frequency of a configured Scell(s), a UE autonomously suspends non-DRS measurements at Scell deactivation. During the deactivated period the UE only performs DRS measurements, while taking the configured MeasCycleScell into account. Upon Scell activation, a UE resumes any non-DRS measurements for the respective cells.
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