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1 Introduction
In RAN1#76, the followings are agreed for cell on/off operations. 

· No new idle mode UE behavior in Rel-12 small cell enh. WI

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported
Also, open issues for on/off and discovery are concluded as below. 

· Followings are open issues of small cell on/off and discovery to reduce the transition time

· 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
This contribution discusses some of open issues related to on/off operations. More specifically, the invention discusses necessary support on on/off operation for hand-over and dual connectivity operations. Moreover, it also discusses potential L1 procedures to reduce transition time. 
2 Support on hand-over and dual connectivity
As agreed as a working assumption in RAN1#76 meeting, dual connectivity should support an asynchronous case where a UE cannot assume any maximum timing difference between MeNB and SeNB. In other words, two eNBs may not be aware of timing information of each other.  To reduce the transition time of cell on/off operation, it is agreed that discovery signal based measurement will be utilized for on/off operation. When discovery signal is transmitted, it is further agreed that network assistance at least regarding timing information can be assumed. In a case when both eNBs in dual connectivity or in hand-over scenario (source cell and target cell) may not be aware of timing information of each other, network assistance information regarding discovery signal becomes challenging. For example, to align discovery signal transmission with the UE measurement gap period, two eNBs may need to exchange the timing information such that serving cell or MeNB can configure appropriate measurement gap period and offset value for the UE. Without timing information, a UE may have to search the large window (e.g., the whole duration of discovery signal interval) which is a big burden and may not be desirable from the UE power consumption perspective as well as throughput perspective due to big service interruption time. 
Thus, to support dual connectivity and hand-over with cell on/off operation, it should be assumed that eNBs know the timing information of each other and can give appropriate network assistance information based on it for discovery procedure. 

Proposal 1. To support efficient on/off operation via hand-over and dual connectivity, it should be assumed that the source and target cell (or MeNB and SeNB) know timing information of each other.
Another aspect to consider is whether to allow different discovery procedure per cell and thus a UE may have to perform two different discovery procedures for the same frequency. If a cell performing cell on/off only transmits the discovery signals, it is feasible that in a frequency, there are cells transmitting discovery signals and there are other cells not transmitting advanced discovery signals. Thus, a UE may have to perform both measurement/detection procedures (advanced discovery and legacy procedures). In this case, a UE should be informed whether to perform both or one per measurement/detection episode and the necessary information. To support this, eNBs may have to exchange the information on the applicability of DRS transmission and associated configuration information. From a UE cost and complexity perspective, it is desirable to perform only one type measurement/detection per frequency. 

Proposal 2. To support UE-power efficient discovery procedure, the serving and target cell (or MeNB and SeNB) should exchange the information on the applicability of DRS and the associated configuration information if any. 
In terms of hand-over and dual connectivity operation in asynchronous network scenarios, once a UE receives handover request from a serving cell, it needs to acquire frame boundary and SFN of the target cell. When a cell performs on/off, during off-state, the cell may not transmit PSS/SSS nor PBCH. Thus, a UE needs to wait until the cell becomes on-state to read PSS/SSS and PBCH to acquire frame boundary and SFN of the target cell. To reduce the latency of hand-over preparation/procedure, it is thus desirable to consider the following considerations. (1) DRS signal may carry the information about frame boundary. For example, DRS signal is transmitted in a fixed subframe, by detecting DRS, a UE can acquire frame boundary of the target cell. (2) If source cell and target cells are aligned in terms of SFN and timing, it can be indicated to the UE to avoid latency of PSS/SSS/PBCH reading latency. (3) DRS may carry the information about SFN. 

Alternatively, it is also considerable to apply on/off operation and use enhanced discovery procedure only if the network is synchronized or at least timing information between source and target cells are known. 

Proposal 3. Further consideration on reducing the latency on frame-boundary and SFN acquisition is needed. 
3 New L1 procedure for fast time-scale on/off
According to evaluation results captured in TR 36.872[1], the performance gain of cell on/off operation increases with reduced transition time. Particularly, the on/off operation offers the greatest benefit when the on/off operation can be occurred according to traffic arrival without any transition time (i.e., transition time = 0). 
Zero transition time implies that there is no delay to transmit data to UE upon eNB receives the data at its MAC buffer. To allow this, it is necessary to assume the followings.
· a UE maintains the RRC_CONNECTED mode with the eNB and thus RRM measurement is available at the eNB (if on/off performing cell is configured as SCell, it is activated to avoid activation latency)

· CSI feedback from the UE is available at the eNB

· To receive successful HARQ-ACK and feedback, TA should be configured to the UE

· UE is in On-state or active state if DRX is configured

In terms of DRX configuration, if a UE is in DRX off-state, the transition time would be incurred until the UE becomes On-state. However, this latency comes from DRX operation, not from on/off operation. Thus, it is assumed that UE is in On-state for fast time scale on/off operation. 
To support RRC_CONNECTED operation and CSI feedback availability at the eNB to support fast time-scale on/off operation, the cell should be in ON-state aligned with UE CSI feedback and RLM (if configured as PCell). Assuming CSI feedback is configured every 5msec interval, the cell should have ON-state at least once per 5msec interval. 
When a UE is configured with a cell (in deactivated state) in off-state as a SCell, transition time from off to on state would be activation latency if measurement based on discovery signal has been performed during off-state. Considering RAN4 feedbacks on cell activation, the activation latency can be more than 20msec. In a case where a UE has intermittent data arrivals or burst data arrival where the period between two burst data arrival would be small such as less than hundreds of milli-seconds, instead of performing frequent activation/deactivation procedure, it would be more desirable to keep the SCell state as activated and performing cell on/off operation with new L1 procedure. In this case, keeping CSI measurement process while turning off other subframes not needed for CSI measurement can be considered where an example is shown in Figure 1.
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Figure 1. Fast transition on/off operation example

To support this, first, SCell would not be deactivated even with the absence of active data transmission by configuring deactivation timer properly. Then, the cell needs to transmit necessary signals for CSI measurement in the related subframes, which can be configured by measurement subframe set. When there is data available to a UE, a UE may need to monitor all subframes continuously to receive the data whereas the UE can monitor only CSI-related subframes when there is no active data. We call two duration as ‘continuous ON-state’ and ‘intermittent ON-state’ and propose to switch the mode between two durations. In terms of switching mechanism, a few approaches can be considered. First approach is to consider “DRX-like” configuration to align with CSI-related measurement subframe in intermittent ON-state and can continue receiving data in continuous ON-state. Another approach is to use MAC CE or dynamic signaling to explicitly change the mode. It is however notable that a cell may not turn off any subframe if there is a legacy UE associated with it. Thus, whether to turn off/on subframes not monitored by advanced UEs is up to the network. 

Another potential enhancement at SCell configuration is to utilize cross-carrier scheduling where a SCell can turn off the subframes not used for either measurement or data scheduling. 
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Figure 2. Example of cross-carrier scheduling based on/off operation

In this case, a subframe where cross-carrier scheduling DCI is available in PCell can be considered as ‘ON-state’ of SCell whereas other subframes without CSI measurement nor cross-carrier scheduling DCI can be considered as ‘OFF-state’. In this way, dynamic cell on/off at a subframe level can be feasible at SCell. In this case, a UE should not assume to receive CRS in subframes not configured as measurement subframe set for CSI feedback (or discovery signal subframe if CRS is used for discovery signal). 
Another potential application of fast transition time cell on/off is to utilize eIMTA framework if TDD mode is used.  Assuming a UE is capable of performing eIMTA, to utilize dynamic cell on/off can be done via configuring dynamic TDD DL/UL configurations utilizing eIMTA framework. For example, a UE is configured with TDD DL/UL configuration #0 via SIB and is configured with TDD DL/UL configuration #5 as a DL-HARQ timing reference configuration. Then, only uplink #2 is a fixed uplink carrying PUCCH and other uplink subframes can be used either for flexible downlink or uplink subframe. To change the mode between two states (continuous ON-state vs. intermittent ON-state), a network can dynamically change DL/UL configuration from such as DL/UL configuration #5 to DL/UL configuration #0 where uplink subframes indicated by dynamic DL/UL configuration may be used for cell off operation where uplink transmission can be still feasible depending on the scheduling. This may not require additional specification work and can be used for fast time-scale cell on/off operation. 

Overall, multiple approaches for fast time scale on/off mechanisms can be considered. However, the applicability and benefits of those techniques is subject to the existence of serving legacy UEs by a serving cell. In terms of introducing dynamic signaling to change on/off state per radio-frame, we do not see a strong motivation as a small cell may not have so many active UEs at a time and thus packet arrival or traffic load per radio-frame may not change so dramatically over the radio-frame. To consider intermittent data arrival at a UE, we consider it is sufficient to switch between “continuous ON-state” which indicates active data transmission and “intermittent ON-state” which is used for CSI and other measurements via MAC CE. 
Proposal 4. MAC CE based on/off operation on activated SCell can be further considered. 

4 Conclusions

This contribution discusses remaining issues for on/off operation for hand-over and dual connectivity and also discusses a few potential techniques for fast on/off operations. 

Proposal 1. To support efficient on/off operation via hand-over and dual connectivity, it should be assumed that the source and target cell (or MeNB and SeNB) know timing information of each other.

Proposal 2. To support UE-power efficient discovery procedure, the serving and target cell (or MeNB and SeNB) should exchange the information on the applicability of DRS and the associated configuration information if any. 

Proposal 3. Further consideration on reducing the latency on frame-boundary and SFN acquisition is needed. 

Proposal 4. MAC CE based on/off operation on activated SCell can be further considered. 
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