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1   Introduction
In RAN#61, it was agreed that RAN1 should study the following aspects related to Small cell ON/OFF [1]
· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 
· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.
In this document, we discuss further details related to “semi-static” small cell ON/OFF.
2   Discussion

2.1     Dual connectivity and Small cell On/Off

Dual connectivity is being studied in RAN WG2 as part of the small cells – higher layer SI. However, given RAN2 discussions have not been finalized yet, and assuming that every deployment that supports small cell on/off need not also support dual connectivity, we focus the discussion in this document for the more general non-dual connectivity case.
2.2 UE operating modes in presence of small cell on/off

A cell needs to make at least the following transmissions for a Rel8/9/10/11 UE (legacy UE) to operate on it in Idle or Connected mode - PSS and SSS, CRS, P-BCH carrying MIB in slot 1 of every radio frame, PDSCH carrying SIBs and associated PDCCH. If a small cell supports on/off mechanisms, some or all of the above transmissions will not be made by the cell when it is in “off” state.  Given this, Figure 1 shows the possible options for legacy UEs to access a cell supporting on/off. Figure 2 shows the possible options for Rel12 UEs.
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Figure 1- Legacy UE access options for dual-state cells
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Figure 2 – Rel12 UE access options for dual-state cells

We prefer option L2 for legacy UEs. We think at least option N2 should be supported for Rel12 UEs. 

For legacy UEs

· “Semi-static” on/off is expected to allow cell state changes in the order of 100s/1000s of milliseconds [2]. Given this, option L1 is not desirable as it would lead to frequent cell reselections for legacy idle mode UEs. 
· With option L2, legacy UEs can be handed over into a cell supporting on/off when the cell is in “on” state, and they can handed back over (or made to reselect) to a “regular cell” (i.e., a cell not supporting on/off) when necessary. This increases some network implementation complexity (e.g. cells have to be turned on sufficiently early for legacy UEs to detect and measure) but can be implemented with minimal negative impact on legacy UE operation. We expect this procedure to be used mainly for load balancing of legacy UEs between macro and on/off capable small cell layers.
· Option L3 is not desirable as it does not provide any support for legacy UEs (not backwards compatible). 

For Rel12 UEs 

· Option N1 can enable small on/off for both overlay and non-overlay coverage deployment scenarios identified in the study item (e.g., scenarios 2a/2b and scenario 3). However, it is not clear if the required mechanisms/procedures can be specified within Rel12 timeframe. 
· With option N2, small cell on/off can be enabled for deployments providing overlay coverage (e.g., scenario 2a/2b). In this option, Rel12 idle mode UEs can camp on the macro layer (which has only regular cells). Rel12 connected mode UEs can be handed over to on/off capable small cells on the small cell layer. As long as the UEs are in connected mode, they can remain on the small cell layer irrespective of cell state. The UEs have to reselect to macro layer only when their RRC connection is released. Since the UEs can stay connected to the cell irrespective of cell state, this option allows the cells to take advantage of packet call arrival/completion events to transition between on/off states. 
· Option N3 has smaller UE implementation/specification impact than N2. However, with this option, Rel12 UEs should also be handed back over (or made to reselect) to a “regular cell” (i.e., a cell not supporting on/off) whenever a cell transitions from “on” to “off” state. Since semi-static on/off is envisioned to take benefit of both UE arrival/departure, and packet call arrival/completion scenarios [2], option N3 can lead to frequent handovers for Rel12 UEs.  The handovers can be controlled by keeping cells “on” for longer durations (e.g., only take advantage of UE arrival/departure events) but this can diminish the benefit of small cell on/off. 
2.3   Signals expected by UE in “on” and “off” states
As discussed in the previous section, it is desirable for cells in “on” state to support connected mode legacy UEs. To enable this, when an on/off capable cell is in “on” state, it should make all the transmissions expected by legacy UEs (i.e., CRS in every subframe, PSS/SSS in every radio frame, PBCH carrying the MIB, PDSCH and PDSCH associated with SIBs etc.)
When an on/off capable cell is in “off” state, the following alternatives are possible
· Alt 1: A Rel12 UE expects to receive no transmissions from a cell in “off” state
· Alt 2: A Rel12 UE expects to receive at least a ‘discovery signal’ from a cell in “off” state. 
We prefer Alt 2.

For Alt1 when a UE is in the vicinity of a cell in “off’ state, it has no means to detect the cell. To make the cell accessible to the UE, the network has to first turn on the cell, wait for the UE detect the cell, and then handover the UE to that cell. Further, since no transmissions are expected in ‘off’ state, a Rel12 UE cannot continue to maintain connection to the cell due to lack of a synchronization reference. Also, the UE will be unable to determine if it is still within the coverage of the cell. Given this, only option N3 (described in the previous section) can be supported with Alt 1.
With Alt 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. Also, the UE can maintain its connection to an ‘off’ state cell by using the discovery signal of that cell for maintaining synchronization and performing RRM/RLM measurements.

3   Conclusions

We propose the following
· When an on/off capable cell is in “on” state, it should be able to provide service to a connected mode legacy UE (Rel8/9/10/11) that is handed over to it.
· A Rel12 UE can expect to receive at least the following transmissions from an on/off capable cell
· ON State: All the transmissions that are expected by Rel8-11 UEs (i.e., CRS in every subframe, PSS/SSS in every radio frame, PBCH carrying the MIB, PDCCH and PDSCH associated with SIBs etc.)
· OFF State: A ‘discovery signal’
4   References

[1] RP-131373, “Status Report to TSG - Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects”, RAN#61, Porto, Portugal, September, 2013.

[2] 3GPP TR 36.872, v12.0.0, “Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects”, September 2013.
Page 3 of 3

