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1 Introduction
During TSG RAN#61 the scope of a possible work item on SCE PHY was discussed. The discussions showed that different companies seem to have quite different expectations and views on the scope of the SCE. It was agreed that RAN1 should continue studying the following topics following the discussions in RAN#61 [1]:
· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission

· 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.
· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
Regarding the support of small cell on-off operation, it was agreed that further clarifications were needed. This contribution summarizes our preferences/views on several aspects of the small cell on-off design, including questions raised by several companies during off-line discussions.

2 Basic operation of SC on/off 
The main questions regarding the basic operation of SC on/off are listed below:

2.1 What/How is “off” and “on” state defined for small cell on/off?
In our view, the “off” state is the period of time during which the eNB transmits a reduced set of physical signals/channels. This may include the cases when an “off” eNB transmits only a discovery signal to help UEs identify the “off” eNB, or when the eNB transmits nothing at all to maximize power saving. Additionally, the “off” eNB may also have reduced listening capability. In contrast, the “on” state denotes regular operation of the eNB.
· Whether or not an SC-eNB transmits any signal in the “off” state, and if yes – what that signal is.

The decision on whether to transmit any signal during the SC “off” state is design specific. For example, the “off” SC-eNB can transmit a discovery signal in order to provide faster detection of the “off” SC-eNB by UEs, or it can be completely silent in order to maximize the opportunities for power saving. 

Observation 1: The decision on whether to transmit any signal during the SC “off” state is design specific
In the rest of the contribution, we denote the two discussed options as No Discovery Signal (NDS) and Discovery Signal (DS), respectively. Both options need further study as part of the overall SC on/off design. Typically in RAN 1 discussions the “DS” option is referred to as the DL-based on/off operation. As the opposite term, UL-based on/off operation is also used in RAN 1 discussions, meaning that special UL signalling is used to trigger an “off” state eNB to switch to “on” state.

It should be noted that we do not see the UL and DL based on/off operation as opposite terms. Instead we recognize that there may be a mixed design. For example, an “off” eNB may transmit a discovery signal to support UE synchronization, while the UE may use UL signalling to wake up the “off” eNB.

Observation 2: The SC-on/off operation may be based on both the DL and UL signalling. In some implementations the DL and UL signalling may be used together to support the SC-on/off operation.
· Whether the UE is aware of the timing of the SC "off" state?
· For the NDS option, our preference is that UEs are able to operate without knowledge of the timing of the SC-eNB “off” states. 
· For the DS option, UE may or may not be aware of the SC “off” states timing depending on the design of the discovery signal and the discovery mechanism.
· Whether the UE is able to measure the signal level (using for instance the RSRP) during the SC "off" state.
· For the NDS option, the UE is not aware of the “off” eNB signal level. Signal level measurements are available for the UE only after the eNB transition to the “on” state. 
· For the DS option, the UE may make signal level measurements on the discovery signal.

Observation 3: Depending on whether the discovery signal is transmitted as well as the discovery signal design and the corresponding discovery mechanism, the UE may have different behaviours, such as 
· The UE may or may not be aware of the “off” states timing of the eNBs
· The UE may or may not be able to measure the signal level metric (using for instance the RSRP) during the SC "off" state.
· Whether a cell is allowed to enter the "off" state when it has connected to it a UE of a particular type (e.g., Rel-12 UE; Idle mode UE; Legacy UE).

· Our view is that whether an SC-eNB is allowed to enter “off” state when it has UEs connect to it is design-specific.
· For the NDS option, all legacy UEs should be handed over to other eNBs prior to entering the “off” state; the same is also true for the DS option since it is assumed that the discovery signal alone should not support legacy UE connectivity.

Observation 4: Whether a SC-eNB is allowed to enter “off” state when it has UEs connect to it is design-specific.
· Depending on the UE design, SC on/off may or may not support Idle mode Rel-12 UEs.

· Prior to entering the “off” state, all legacy UEs of the SC-eNB should be handed over to other eNBs.

· How it can be ensured that UE types not supported by an eNB avoid connecting to that eNB.
· In our view, a mechanism to prevent such connections should apply only to legacy UEs since for Rel-12 UEs the on/off operation may be defined in a way to support both connected and idle mode UEs. 

· For the NDS option, legacy UEs cannot detect the “off” SC-eNB since it does not transmit anything; therefore, legacy UEs would not attempt to connect to the “off” state eNB. 

· For the DS option, it is assumed that the discovery signal alone should not support legacy UE connectivity due to the lack of transmission of other control channels (e.g. PBCH and SIBs). 

Observation 5: Assuming the discovery signal does not support legacy UE connectivity, legacy UEs would not attempt to connect to the “off” state eNB due to the lack of transmission of other control channels (e.g. PBCH and SIBs).
2.2 Transition/triggering between the on/off states

· What the trigger signalling is to transition from the SC "off" to "on" state. Whether or not a UE will request an “off” eNB to wake up.

The “wake-up” mechanism can be implemented via a UL physical signal which may be either eNB-specific (targeting to wake up a particular eNB) or non-eNB-specific (targeting to wake up any eNB that can hear the signal). The UE capability to initiate or assist waking up an “off” eNB (transition to the “on” state) for both the NDS and DS options is useful to enable more flexible SC on/off support. Alternatively, an “off” eNB can be woken up via backhaul signalling from other eNBs, a network controller, etc.
Observation 6: The trigger signalling to transition from the SC "off" to "on" state can be “wake-up” UL signalling from a UE or backhaul signalling from other eNBs, a network controllers, etc.
· What is the subsequent procedure triggered by the trigger signalling to transition from the SC “off” to “on” state?
· The wake-up procedure may depend on whether the wake-up request signal sent by a UE targets a particular eNB (eNB-specific) or all eNBs (non- eNB-specific) that can hear the wake-up request signal.
· For the non-eNB-specific option, all “off” cells that can receive the wake-up request signal by the UE transition to the “on” state and start normal operation. After that, cell selection and other procedures may be performed in a standard way as defined for regular eNBs.
· For the eNB-specific option, the target “off” eNB transitions to the “on” state and starts normal operation.
· Alternatively, neighbouring “on” eNBs can wake-up the target “off” eNB via backhaul signalling, which may also be considered within the framework of load balancing.
Observation 7: The procedure triggered by the wake-up signalling may depend on whether the wake-up signal is eNB-specific or non-eNB-specific:
· For the non-eNB-specific option, all “off” cells that can receive the wake-up request signal by the UE transition to the “on” state and start normal operation. After that, cell selection and other procedures may be performed in a standard way as defined for regular eNBs.
· For the eNB-specific option, the target “off” eNB transitions to the “on” state and starts normal operation.
· What is the expected transition time between “off” and “on” states in above procedure?
· The expected transition time between the “off” and “on” states is the sum of the following components:
1) The time required by the “off” eNB to detect the wake-up request signal by the UE.

2) The time required by the eNB to transition to the “on” state, which is typically implementation dependent.

3) The time required by the UE to detect the reference signals transmitted from the eNB.

· Detailed values of the transition timing can be found or further captured in [2].

Observation 8: The expected transition time between the “off” and “on” states is the sum of the time for the “off” eNB to detect the wake-up request signal by the UE, the implementation-dependent time required by the eNB to transition to the “on” state, and the time required by the UE to detect the reference signals transmitted from the eNB. Detailed values of the transition timing can be found or further captured in [2].
· What is the expected performance gain after accounting the described transition timing?
· RAN1 should further study the performance gain for various scenarios. It  is envisioned that for relatively static deployments (low UE mobility, low loading), such as during the night-time, considerable power savings can be achieved, while the transition time between the “off” and “on” states will hardy affect the SC on/off performance benefits.

2.3 Clarification of the Scenarios/assumptions in the proposal
· Network synchronization: Is an "on/off" capable cell time-synchronized to some other cell?

· The "on/off" capable cell may not be timing-synchronized, although synchronized network may potentially achieve higher SC on/off gain with reasonable system complexity, e.g. eNB selection, hand over, interference measurements, etc.
Observation 9: The "on/off" capable cell may not be time-synchronized.

· Backhaul condition: Does an "on/off" capable cell require ideal backhaul to some other cell?
· Ideal backhaul is not required to support SC on/off operation.

Observation 10: Ideal backhaul is not required to support SC on/off operation.
· Scenario2 is the focus of the SC on/off operation, i.e., overlaid Macro layer over the Small Cell layer. If other scenarios are assumed, there should be explicitly mentioned.

· The discussion on the SC on/off operation does not assume any dependency between the Macro and Small Cell layers.

Observation 11: No dependency between the Small Cell and Macro layers is assumed regarding the SC on/off operation.
Summary

In this document we presented our views on several aspects of Small Cell on/off operation. RAN1 should discuss the relevant issue in order to provide clarification and clear scope for future SCE WI. 
Observation 1: The decision on whether to transmit any signal during the SC “off” state is design specific
Observation 2: The SC-on/off operation may be based on both the DL and UL signalling. In some implementations the DL and UL signalling may be used together to support the SC-on/off operation.
Observation 3: Depending on whether the discovery signal is transmitted as well as the discovery signal design and the corresponding discovery mechanism, the UE may have different behaviours, such as 
· The UE may or may not be aware of the “off” states timing of the eNBs
· The UE may or may not be able to measure the signal level metric (using for instance the RSRP) during the SC "off" state.
Observation 4: Whether a SC-eNB is allowed to enter “off” state when it has UEs connect to it is design-specific.
· Depending on the UE design, SC on/off may or may not support Idle mode Rel-12 UEs.

· Prior to entering the “off” state, all legacy UEs of the SC-eNB should be handed over to other eNBs.

Observation 5: Assuming the discovery signal does not support legacy UE connectivity, legacy UEs would not attempt to connect to the “off” state eNB due to the lack of transmission of other control channels (e.g. PBCH and SIBs).
Observation 6: The trigger signalling to transition from the SC "off" to "on" state can be “wake-up” UL signalling from a UE or backhaul signalling from other eNBs, a network controllers, etc.
Observation 7: The procedure triggered by the wake-up signalling may depend on whether the wake-up signal is eNB-specific or non-eNB-specific:

· For the non-eNB-specific option, all “off” cells that can receive the wake-up request signal by the UE transition to the “on” state and start normal operation. After that, cell selection and other procedures may be performed in a standard way as defined for regular eNBs.
· For the eNB-specific option, the target “off” eNB transitions to the “on” state and starts normal operation.
Observation 8: The expected transition time between the “off” and “on” states is the sum of the time for the “off” eNB to detect the wake-up request signal by the UE, the implementation-dependent time required by the eNB to transition to the “on” state, and the time required by the UE to detect the reference signals transmitted from the eNB. Detailed values of the transition timing can be found or further captured in [2].
Observation 9: The "on/off" capable cell may not be time-synchronized.

Observation 10: Ideal backhaul is not required to support SC on/off operation.
Observation 11: No dependency between the Small Cell and Macro layers is assumed regarding the SC on/off operation.
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