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1 Introduction 
In RAN1#74bis, the following was agreed. 

· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:
· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring

· Continue to investigate RAN1 related procedure of small cell on/off transition time reduction until RAN1 #75 meeting

This contribution further discusses design considerations and feasible solutions to achieve fast-time scale cell on/off including clarification on the definition of OFF and ON states, support on RRC_IDLE mode UEs and support on legacy UEs. 

2 Discussions
2.1 Support on RRC_IDLE UEs
When fast time-scale cell on/off is employed, how to support RRC_IDLE mode UEs should be discussed. To support RRC_IDLE mode UEs, cell selection and reselection including initial access need to be supported. To support RRC_IDLE mode UEs, cells performing on/off would be aware of presence of UEs in the proximity or transmit synchronization and measurement signals continuously. Unless the behaviour of RRC_IDLE mode UEs changes, this will decrease the benefit of cell on/off with increased signalling overhead. If different behaviour is defined, Rel-12 UE may have to perform cell selection/reselection in two different manners for always-on cells and on/off cells respectively. Further, a mechanism to prevent legacy UEs from accessing/searching the cell on/off cell may be necessary as well to minimize the performance impact. 
It is therefore proposed that a cell supports only RRC_CONNECTED mode UEs at least in Rel-12 specification when the cell performs cell on/off. 

Proposal 1: In cell on/off design, it is assumed that an on/off cell supports only RRC_CONNECTED mode UEs.
2.2 Necessity of CA or dual connectivity capability

Assuming on/off cells support only RRC_CONNECTED mode UEs, it should be further discussed whether on/off cells can support UEs without CA or dual connectivity capability. One mechanism to support UEs without CA or dual connectivity capability by on/off cells is to utilize hand-over mechanism. To support those UEs, on/off cells should support PCell or MeNB functionality which also includes DRX and paging functions. This implies that on/off cells may have to transmit signals (e.g., CRS) continuously in addition to discovery signals regardless of its state (ON or OFF), unless DRX cycles and paging cycles are aligned. In our view, if a cell transmits PDCCH in a subframe, the subframe should be considered as ON-state. Based on this assumption, if paging and DRX are supported, a cell may perform two levels of cell on/off where first level on/off transition occurs based on UE association or active user traffic, and second level on/off transition occurs based on UE paging cycle, DRX configurations, and/or SIB transmission. The benefit of cell on/off can be decreased with the increased number of second level on/off transition. Given trade-offs between complexity and performance, it is FFS whether to support UEs without CA or dual connectivity capability by on/off cells.
Observation 1: Further investigation is necessary to determine minimum UE capability supported by on/off cells. 
2.3 Support on legacy UEs

It is obvious that legacy UEs are not supported by cells in OFF-state. In terms of supporting legacy UEs in ON-state of cells, there could be two approaches. First approach is to allow legacy UEs to be serviced with cells in ON-state. In this case, it could be assumed that a legacy UE can be configured with on/off cell as a SCell. Since legacy UEs are not supporting measurement based on discovery signals, to activate the SCell, measurement latency for legacy UEs is expected (i.e., off-on transition latency can be large). For OFF-ON transition latency, high latency is expected to allow RRC reconfiguration to disassociate SCell before turning off the cell as legacy UEs will perform measurement for the configured SCell. Thus, as shown in our previous contribution [1], the gain of cell on/off will be reduced with high population of legacy UEs. 
Second approach is to prevent legacy UE accessing on/off cells (e.g., using barring mechanism). If this approach is used, the performance degradation on legacy UEs is expected due to less offloading opportunities as shown in our previous contribution [1]. 
Both approaches show potential performance gain decreases with the increased legacy UE population. Thus, it would be desirable to increase the portion of always-on cells with more legacy UEs in the system. Given this flexibility, it is our view it can be up to the network decision how the legacy UEs will be supported by on/off cells. From small cell on/off design perspective, it is however preferred that legacy UEs are supported by always-on cells (or long-term scale cell on/off performing cells) only for the simplicity. 
Observation 2: It can be network choice to support legacy UEs by on/off cells. Due to potential complexity, it is desirable to prevent legacy UEs from accessing on/off cells. 
2.4 Signals transmitted in OFF-state
If cell on/off is specified, to enjoy the benefit, as shown in [1], discovery signal transmission at OFF state of the cell would be essential. Otherwise, due to measurement delay, the cell on/off gain becomes small and sometimes the gain becomes negative. Thus, an advanced UE supporting small cell on/off should be able to perform RRM based on discovery signals transmitted in OFF state of the cell.
Proposal 2: Discovery/measurement signal should be transmitted in OFF-state of the cell. 
Discovery signals transmitted at OFF-state of the cell would be less frequent than 5msec (frequency of synchronization signals). The frequency of discovery signal transmission and the density of RS used for measurement would be determined based on the required accuracy of neighbour cell measurement based on discovery signal. When discovery signals are transmitted infrequently (e.g., every 200msec), whether measurement based on discovery signals would be sufficient for cell selection is FFS. If measurement based on discovery signal is not sufficient, small cell transition latency to perform additional measurement may be still necessary. 

If discovery signal is transmitted in ON-state of the cell as well, collision between discovery signal and other legacy signals such as PSS/SSS/CRS, CSI-RS, PMCH, PRS, etc needs to be considered. 

In our view, a discovery signal can be based on PSS/SSS/CRS unless there is a strong requirement to detect more than 3-4 cells by a UE at one time.  Whether infrequent PSS/SSS/CRS transmission would be sufficient for neighbour cell measurements should be further studied. 

Proposal 3: Measurement performance by relaxed PSS/SSS/CRS based discovery signal should be further studied. 
For additional signals/channels, we discuss whether it is needed to be transmitted in OFF-state and any specification supported is needed not to transmit each signal/channel. 

(1) UE-specific PDSCH: it is decided by scheduling. Thus, it can be omitted in OFF-state and no specification impact is expected. Thus, DM-RS can be omitted as well.

(2) Cell-specific PDSCH: paging, and SIB transmissions are not expected in OFF-state. RAR is assumed to be not present in OFF-state assuming a cell wakes up once it receives PRACH/SR. Specification impact is expected to handle cell-specific PDSCHs. 

(3) PBCH: without supporting RRC_IDLE UEs, PBCH is not needed in OFF-state. Specification work is not expected.

(4) PDCCH: as no PDSCH transmission is assumed in OFF-state, PDCCH transmission may not be necessary in OFF-state as well. If DRX or paging is not supported, it is expected that PDCCH is not essential in OFF-state. If an on/off cell supports MBMS, PDCCH with M-RNTI may be still needed. Specification work to handle DRX/paging in a different manner may be necessary. 

(5) PHICH/PCFICH: Assuming a cell does not turn off when there is uplink data transmission, PHICH/PCFICH may not be needed in OFF-state. Specification work is not expected.

(6) PMCH: In terms of transmitting PMCH in OFF-state, we do not see any strong reason not to support. However, as mentioned in PDCCH, to support MBMS by on/off cells, additional signals such as PDCCH with M-RNTI or SIB13 in OFF-state would be needed. Thus, supporting MBMS by on/off cells may require specification work. With PMCH, MBSFN-RS can be also transmitted if needed. 
(7) CRS: without PDCCH in OFF-state, CRS transmission can be also omitted except for discovery/measurement signals. Whether periodic CRS transmission is necessary for time/frequency tracking is FFS. This will impact on UE measurement and tracking procedures and performance. 

(8) PRS: if configured, PRS can be transmitted regardless of cell state. 

(9) CSI-RS: it is desirable to turn off CSI-RS transmission as it is not needed. 

Observation 3: In OFF-state, some support on PRS and MBMS may still be needed.
2.5 UE awareness on OFF-state

Whether a UE should be aware of OFF-state of the cell or not may depend on a few issues. In terms of UE awareness on the serving cell state, in our view, a UE needs to know ON-state to monitor downlink data and scheduling grant successfully as well as frequency/time tracking based on CRS. Indication of ON-state can be implicit such as SCell activation. Whether a UE needs to know OFF-state, it may depend on expected UE behaviour changes in OFF-state of the cell.  For example, if DRX behavior changes in OFF-state, a UE may need to know OFF-state as well. 

In terms of UE awareness on a neighbour cell’s state, it would depend on the measurement accuracy based on discovery signal. If discovery signals are not transmitted in ON-state of the cell or discovery signal based measurement may not be sufficient for intra-frequency or inter-frequency measurements to support mobility, an indication of cell state or measurement enhancement is needed. 

Proposal 4: Implicit or explicit indication of serving cell ON/OFF would be necessary.  Whether a UE should be aware of ON/OFF state of neighbour cell is FFS.
2.6 CRS Reduction in ON-state

Whether further reduction or enhancement in ON-state is feasible or not may depend on the accessibility of legacy UEs. If legacy UEs are not serviced by on/off cells, which the network can be configured to do so, further optimization in ON-state can be considered.  

In terms of channels/signals transmitted in ON-state, a few approaches can be considered. 

(1) Transmit all channels/signals in ON-state: including PBCH/SIB, it can be assumed that all channels/signals are transmitted in ON-state. This approach however may not be so effective given that on/off cells may behave as SCell or assisting eNB and support only a few UEs at a given time. At least, reduction of MIB/SIB/paging can be considered for on/off cells.

(2) Transmit CRS in every subframe with reduction of data channels: another option is to transmit CRS in every subframe when the cell is ON-state with potentially reduction of cell-specific data channels. Given that legacy UE does not access the carrier, this option can be further optimized.

(3) Reduction of CRS with reduction of data channels: one simple approach is to reduce CRS transmission in subframes where EPDCCH monitoring is configured. 
Since the network can decide the optimal number of always-on cells to support legacy UEs and thus on/off cells may not have to support legacy UEs, we prefer to further optimize ON-state when cell on/off is performed. 

Proposal 5: Reduction of common data channels and signals can be further considered in ON-state. 
2.7 Support SCE Scenario #3

Based on discussions so far, it is clear that on/off cell may not support legacy UEs, UEs without CA or dual connectivity capability, and RRC_IDLE mode UEs. This implies that a network performing cell on/off should provide network coverage by either different layer (e.g., macro coverage) or frequency or other means. In terms of supporting small cell scenario #3, we think that if dual connectivity can be supported in scenario #3, cell on/off can be supported as well. If supported, on/off cells and always-on cells can coexist in the same frequency. 
Observation 4: If scenario #3 is supported in cell on/off, on/off cells and always-on cells may coexist in the same frequency. 
3 Conclusion
This contribution discusses issues on small cell on/off including RRC conditions of supported UE, ON/OFF transition, and legacy UE support.  Some observations and proposals are the followings.  
Proposal 1: In cell on/off design, it is assumed that an on/off cell supports only RRC_CONNECTED mode UEs.
Observation 1: Further investigation is necessary to determine minimum UE capability supported by on/off cells. 

Observation 2: It can be network choice to support legacy UEs by on/off cells. Due to potential complexity, it is desirable to prevent legacy UEs from accessing on/off cells. 

Proposal 2: Discovery/measurement signal should be transmitted in OFF-state of the cell. 

Proposal 3: Measurement performance by relaxed PSS/SSS/CRS based discovery signal should be further studied. 
Observation 3: In OFF-state, some support on PRS and MBMS may still be needed.

Proposal 4: Implicit or explicit indication of serving cell ON/OFF would be necessary.  Whether a UE should be aware of ON/OFF state of neighbour cell is FFS.
Proposal 5: Reduction of common data channels and signals can be further considered in ON-state. 
Observation 4: If scenario #3 is supported in cell on/off, on/off cells and always-on cells may coexist in the same frequency. 
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