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1   Introduction
“Small cell ON/OFF” or “Cell dormancy” was discussed as a potential enhancement for small cells in RAN1#72bis and RAN1#73. In RAN1#73, RAN1 noted the potential of cell dormancy for providing user throughput and energy consumption gains. 
Further evaluations on this topic can benefit from some clarifications on the characteristics of cell dormancy. In this document, we provide some considerations.
2   Discussion

When a Rel8/9/10/11 UE discovers a cell, it expects the cell to make at least the following periodic non-UE specific transmissions
· PSS and SSS in every radio frame;

· P-BCH carrying MIB in slot 1 of every radio frame

· PDSCH carrying SIBs and associated PDCCH 
· CRS 

If cell dormancy is supported in a network, some cells in the network will not continuously (i.e., with same patterns as defined in Rel8/9/10/11 specifications) transmit some or all of the above signals/channels. 
When a cell is in active state, if it transmits all the signals/channels that are expected by legacy UEs, it is possible for the cell to support legacy UEs that are in RRC connected state (i.e., legacy UEs can be handed over to active small cells). Given this, it is desirable to retain all the legacy transmissions during active state.

When the cell is in dormant state, as also noted in email discussion [73-04], the following options are possible

· Option 1: No transmissions are made by the cell

· Option 2: Only a ‘discovery signal’ is transmitted by the cell

· Option 3: In addition to the discovery signal, other physical signals/channels are transmitted, albeit with a different periodicity/structure than in Rel11.
With option 1, when a UE is in the vicinity of a dormant cell, before the cell is just turned on, the UE has no means to detect the cell. To make the cell accessible to the UE (assuming it is in RRC connected state), the network has to wait for the UE detect the cell (after the cell transitions to active state), and then handover the UE to that cell. With Option 2, the extra cell detection delay is not present for accessing the “just turned on cell” since the UE is expected to have already detected the cell using the discovery signal. This is illustrated in Figure 1. Given this, it is desirable for the cell to transmit at least a discovery signal when it is in dormant state.
Proposal 1: RAN1 evaluations can assume that a cell in dormant state at least transmits a discovery signal. 
Option 3 allows more functionality in the dormant state. For example, with option 3, idle mode UEs can be supported in dormant state. Support for idle mode UEs in dormant state is a trade-off between additional deployment flexibility for dormant state vs. additional idle mode procedures required by the UE. Without support for idle mode UEs, cell dormancy can only be deployed in scenarios where overlay coverage is available (i.e., small cell scenarios 1, 2a/2b). Even in those scenarios, UEs may have to frequently reselect or handover to the overlay coverage cell, whenever the small cell transitions from dormant to active state. Idle mode aspects are generally handled in other WGs. However, given the impact these idle mode aspects have on the physical channels/signals that can be assumed in dormant state, it is desirable for RAN1 to solicit feedback from RAN2 during early stages of cell dormancy evaluations.
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Figure 1- Options for accessing a “just turned on cell”.
3   Conclusions

In this document we discuss some considerations for evaluating small cell ON/OFF and propose that

· RAN1 evaluations can assume that a cell in dormant state at least transmits a discovery signal. 
We also suggest that RAN1 should solicit feedback from RAN2 on how idle mode UEs are handled in systems that support cell dormancy. More clarifications on this aspect will help RAN1 get a better understanding of the physical channels/signals that have to be supported by cells in dormant state.
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