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1. Introduction

At the RAN1 #76 meeting in Prague, Czech Republic, the following conclusions on open issues for small cell on/off and discovery signal design were reached:
· 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 present our views on some of the aforementioned open issues to support small cell on/off transition time reductions in Release 12.

2. Review of procedures that may support small cell on/off transition time reduction
Necessary procedures for small cell on/off transition time reduction fall into three classes: handover, carrier aggregation or dual connectivity, and—possibly, if adopted—new L1 procedures, where the distinction between carrier aggregation and dual connectivity lies in the assumption of the backhaul (ideal and non-ideal, respectively) between the eNodeB providing the PCell/MeNB and the one providing the SCell/SeNB. 

Furthermore, they can equally be distinguished by the protocol layer which configures to UE higher layer to ‘activate’ and ‘deactivate’ a given cell. In the case of a handover, such signaling is carried out by the RRC layer through a RRC connection reconfiguration incurring the largest delays among the discussed procedures. Moreover, handovers are particularly costly due to the associated signaling in the EUTRAN and core network. 
Carrier aggregation, conversely, relies on MAC layer signaling for SCell activation and deactivation resulting in much reduced transition times in the order of ~30ms for activation and ~10ms for deactivation of an SCell, respectively. The exact signaling details for dual connectivity are still under discussion in RAN2 and additional latencies incurred from the inter-eNodeB coordination via a non-ideal backhaul impact the overall on/off transition time of a SeNB. 
Lastly, as the name suggests, L1 procedures would rely on physical layer signaling to transition a cell from on to off or vice versa and correspondingly, these have the shortest transition times among all the discussed procedures. Each of the aforementioned open issues can only be discussed in the context of the respective procedure or protocol layer governing the on/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction. For instance, the shorter the minimum-on-time (say one subframe) the more it becomes important that the eNodeB has accurate and timely channel state information available and that the UE can remain synchronized to a small cell during off state due to fine timing synchronization as otherwise the eNodeB would have to schedule the UE conservatively until reliable CSI feedback has become available and the UE would have to initiate a RACH procedure to become synchronized. These aspects are discussed in the next section.
3. Specification and other impacts of small cell on/off
Since current RRC measurement configurations rely on CRS based RSRP/RSRQ rather than DRS based ones, RRC signaling to configure and report DRS based RRM measurements needs to be defined for any small cell on/off transition time reduction procedure. Since RAN1 agreed during RAN1 #76 that no new idle mode UE behavior will be introduced in the scope of the Rel. 12 small cell enhancements work item and since RRC_CONNECTED UEs are fully controlled by the network, we can conclude that from a procedural viewpoint, no new procedures need to be defined, rather DRS based measurements need to be incorporated into existing ones and this applies equally to handovers, carrier aggregation, and dual connectivity. L1 procedures here fall under CA since they are discussed for further transition time reduction in the scope of activated SCells. 
Since small cell on/off lets UEs report RRM measurements for cells in off state, for the case where the SCell/SeNB is deactivated/released or not configured at all, the measurement report from the UE has to be transmitted to a cell in on state, e.g., the PCell/MeNB, which can evaluate the report and decide whether to request a neighboring cell to turn on. Such cell activation requests could be based on existing RAN3 energy savings procedures or, alternatively, could be left to eNodeB MAC layer implementation as in the case of carrier aggregation with ideal backhaul. For dual connectivity, the exact procedures and associated backhaul signaling are currently still being discussed in RAN2. Since current RAN3 energy savings procedures leave cell deactivation to implementation, i.e., there is no X2AP procedure in place for one eNodeB to signal to another a cell deactivation request, some of the aforementioned procedures such as handover based small cell on/off may also entail RAN3 work. At any rate, none of the above procedures are under RAN1 control. 
Observation 1: No new procedures are required for handover, carrier aggregation or dual connectivity based small cell on/off transition time reductions. RAN2 merely needs to incorporate DRS based measurements into existing procedures. For small cell on/off based on SCell activation/deactivation it may be beneficial, though, to specify UE assumptions for deactivated SCells. 
Observation 2: Small cell on/off lets UEs report RRM measurements for cells in off state. Current RAN3 energy savings procedures and associated backhaul signaling can be reused to activate neighboring dormant cells. Cell deactivation and how the network uses DRS based RRM measurements to decide which cells to turn on could be left to implementation. 
Turning now to any L1 procedures to support small cell on/off on activated SCells, we make the following observations. When the transitions from on-to-off and off-to-on state are signaled in L1, the minimum-on-time and minimum-off-time can potentially be very short. In the extreme case, where a cell may be in on state for as short as one subframe, e.g., when there is data in the eNodeB MAC buffer for transmission to a UE, it may be beneficial to support radio link monitoring (RLM) on the associated SCell. In addition to allowing fine time synchronization and frequency offset compensation, it may further be beneficial to have at any given time accurate and timely channel state information available at the eNodeB MAC scheduler. Otherwise, additional delays or even losses may be incurred, for instance from RACH procedures or conservative MCS adaptation until reliable CSI is available. Such requirements would not only impact the DRS design—DRS would have to support RLM, CSI feedback and fine time synchronization—moreover, it would also impact how frequent such a DRS would have to be transmitted by the eNodeB reducing both potential energy savings as well as interference reductions. For NCT, for example, reduced CRS was present on subframes #0 and #5 of all radio frames and for CSI feedback a granularity of 10ms may be appropriate. Similar considerations apply to the acquisition of the Evolved Cell Global Identifier (ECGI) which is broadcasted in subframe #5 of each radio frame and may be reported by a UE to resolve potential PCI confusions in dense deployments of small cells. These and others may only serve as examples to demonstrate the significant expected specification impact that would put a strain on RAN1 and it is thus recommended that RAN1 finalize the DRS design, related measurements and their usage in associated procedures, namely, handovers, carrier aggregation, and dual connectivity and that specification of any new L1 procedures in support of small cell on/off with further reduced transition time reductions first undergo scrutiny regarding the encompassing specification impact.

Proposal 1: It is recommended that RAN1 finalize the DRS design, related measurements and their usage in associated procedures, namely, handovers, carrier aggregation, and dual connectivity.

Proposal 2: Any new L1 procedures in support of small cell on/off with further reduced transition time reductions should undergo scrutiny regarding the encompassing specification impact and UE complexity before deciding on any detailed proposals.

With respect to the other open issues, we feel that most of them are deeply intertwined with the design of DRS. For instance, if the minimum-on-time is very short, e.g., one subframe, it may make sense for a UE to monitor the (E)PDCCH in every subframe whereas for larger minimum-on-times DRX and explicit signaling if a cell is in on or off state may be more appropriate. We thus feel that it would be beneficial to the progress of this work item to reach an agreement on the specification of any new L1 procedures in support of further reduced transition times as soon as possible to smoothly progress the work on DRS towards finalization of Rel. 12. 
Proposal 3: It would be beneficial to the progress of this work item to reach an agreement on the specification of any new L1 procedures in support of further reduced transition times as soon as possible to smoothly progress the work on DRS towards finalization of Rel. 12.
4. Conclusion

In this contribution we discuss our views on some of the open issues that have been identified during RAN1 #76 to support small cell on/off transition time reductions in Release 12. The following observations and proposals are made:
Observation 1: No new procedures are required for handover, carrier aggregation or dual connectivity based small cell on/off transition time reductions. RAN2 merely needs to incorporate DRS based measurements into existing procedures. For small cell on/off based on SCell activation/deactivation it may be beneficial, though, to specify UE assumptions for deactivated SCells. 

Observation 2: Small cell on/off lets UEs report RRM measurements for cells in off state. Current RAN3 energy savings procedures and associated backhaul signaling can be reused to activate neighboring dormant cells. Cell deactivation and how the network uses DRS based RRM measurements to decide which cells to turn on could be left to implementation. 
Proposal 1: It is recommended that RAN1 finalize the DRS design, related measurements and their usage in associated procedures, namely, handovers, carrier aggregation, and dual connectivity.

Proposal 2: Any new L1 procedures in support of small cell on/off with further reduced transition time reductions should undergo scrutiny regarding the encompassing specification impact and UE complexity before deciding on any detailed proposals.

Proposal 3: It would be beneficial to the progress of this work item to reach an agreement on the specification of any new L1 procedures in support of further reduced transition times as soon as possible to smoothly progress the work on DRS towards finalization of Rel. 12.
