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1
Introduction
Small cell physical layer enhancements Study Item was concluded after the decisions in 3GPP RAN WG1 meeting #75 and the RAN#62. One of the topics discussed intensively is the small cell on/off operation: the basic idea is to facilitate on/off switching of the small cells to e.g. reduce network energy consumption as well as interference during the times when the network load is low. Following the study item outcome, the work item Small Cell Enhancements –Physical Layer Aspects [1] was agreed in RAN#62. As one part of the work, following aspects related to small cell on/off should be specified:

· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells

· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.

One specific aspect related to small cell on/off is the need for a new L1 procedure to facilitate transition times below of what can be achieved with the existing handover, CA activation/deactivation, and dual connectivity procedures. After extensive discussion, following was agreed in the email thread [77-08]:

 Outcome of email discussion [77-08] Small cell ON/OFF transition time reduction

1)      A document summarizing all the proposals for transition time reduction which can then act as a guidance for the next RAN1 meeting.

2)      An agreement on UE expectations on what signals are transmitted when an SCell is deactivated and DRS are configured:

· If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until the subframe wherein the activation command is received at the UE.

· FFS MBMS on this SCell.

· FFS further reduction of CRS in an activated SCell.
3)      Observations on further reduction of transition time for small cell on/off:
· The number of subframes of CRS needed before decoding the first (E)PDCCH/PDSCH needs further study.

· For fine time and frequency tracking, a periodicity of CRS in one subframe in a 5 ms interval was considered sufficient. Further reductions in periodicity may be possible for small cells. Specific values are FFS.

In this contribution we discuss the need and the use cases for small cell on/off schemes supporting more dynamic transitions between on and off than what has been agreed already to be supported (i.e. point 2 in the above agreement).
2
Small cell on/off transition time scales

The existing network energy saving solutions – Rel-9 RAN3 SON based schemes [2] – show benefits in real deployments, especially for very low load cases. In these schemes, cells in OFF state (or dormant mode) do not transmit any signals. This basically means that UEs are not able to detect such cells. To return an OFF cell back to service, inter-eNB X2 signalling was standardized to allow one eNB to request a neighbouring eNB to switch on a cell. Thus, if we e.g. have two neighbouring eNBs A and B, where eNB A is on and eNodeB B is off, then eNB A can request to eNB B to switch on. The eNB A would send such a request e.g. if it starts to experience increased offered load, such that further offloading to eNB B is desirable. Moreover, additional SON-based eNodeB energy saving mechanisms are discussed in 3GPP TR 36.927.
Naturally the RAN3 SON based schemes have their limitations. The cell on/off state transitions are relatively slow, and it may take for a UE hundreds of milliseconds to be able to operate in a cell after the cell has been brought back from dormancy. It can also be challenging for the network to determine the most appropriate cell to be turned on, especially in small cell deployments where a large number of small cells can be deployed within the coverage area of a single macro cell.  

In performance evaluation results reported in TR36.872 [3], essentially only energy saving gains are seen with cell on/off transition times larger than 100 ms. Obtaining benefits in terms of interference management by adapting cells to various traffic distributions requires shorter transitions times; gains in terms of UPT performance are reported only for transition times below 100 ms. In short, to obtain increased performance benefits over existing solutions, mechanisms reducing state transition times need to be considered. The agreement from RAN1 #74bis also reflects this.

Assuming carrier aggregation scenario, where small cells are deployed as SCells, it is possible to achieve transition times significantly below 100 ms. Current RAN4 requirements [TS 36.133] indicate that e.g. SCell activation delay is at maximum 24 ms or 34 ms, depending on certain conditions. On top of this, one needs to take into account the signalling latency related to the MAC activation command. 
In order to squeeze on/off transition times below of what is achievable with existing procedures, somewhat widespread changes are required into the standards. The extreme enhancement for small cell on/off operation would be that small cells could be turned on/off on a subframe level, i.e. dynamic small cell on/off operation. At the moment of a packet arrival, the small cell would be turned on immediately and transmit the packet to a UE, and it could be turned off at the moment of the completion of the packet. Of course, highest gains can be shown for such scheme when networks are assumed to serve only Rel-12 UEs and when idealistic transition times are assumed. In practice, transition times would need to be at least in radio frame time scale due to HARQ feedback latency, to ensure proper time and frequency synchronization, etc. Additionally, the schemes are also non-backward compatible and considerably penalizing legacy UE performance. As discussed in the context of NCT WI and the related performance evaluations, the relatively modest gains do not justify loss of backwards compatibility in scenarios where legacy UEs exist. Therefore it seems clear that it needs to be clarified further what are the scenarios where new L1 procedure for ON/OFF may be beneficial. The assumptions regarding presence of legacy UEs, presence of macro assistance, carrier frequency, specific regulatory requirements etc. need to be considered in this context.
Observation: Before specifying a new L1 procedure for reduced ON/OFF transition time, the application scenario (e.g. need for backward compatibility, presence of legacy UEs on the carrier, stand-alone or SCell operation etc.) needs to be clarified further.
The learning from the SCE SI [3] is that lower transition times generally improve data Tput; nonetheless, the gains remain reasonably modest. We note that during the Small cell physical layer enhancements Study Item, the dynamic evaluations for dynamic ON/OFF schemes were using ideal assumptions, i.e. the interference from signals required for maintaining synchronization was not modelled. Furthermore, latency involved with the signalling assisting on/off was neglected as well. Therefore, it cannot be easily concluded how large benefits can be achieved with dynamic ON/OFF schemes, i.e. new L1 procedures.

When considering the proposals for new L1 procedures, one way to characterize them is to consider the assumption UE’s fine time / frequency synchronization and tracking:

· Asynchronous on/off schemes assume that once the cell is turned off, the UE no longer maintain accurate synchronization due to absence of dense enough reference signals (e.g. CRS). Consequently, during the OFF-period the eNodeB can transmit as little as possible (essentially only discovery signals are transmitted when configured) and hence maximize the energy savings while keeping the interference at minimum. The drawbacks of these schemes relate to the time required for re-acquiring synchronization. There does not appear to be a clear consensus in the 3GPP on what would be the time needed for the UE to regain synchronization, but the first guess estimate can be drawn from the requirements currently in place for SCell activation in CA, which may take up to 34 ms. Additionally, some additional latency due to on/off indication needs to be taken into account as well. The agreement #2 from email discussion [77-08] essentially confirms that CA activation/deactivation can be used for turning small cells on and off (“If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall >not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions >until the subframe wherein the activation command is received at the UE.”). 
· Synchronous on/off schemes assume that UE remains synchronized all the time. For this purpose, reference signals used for time/frequency tracking (e.g. CRS) as well as signals required for synchronization (PSS/SSS) need to be transmitted reasonable frequently. The finding from NCT studies was that around 5 ms periodicity is required for CRS transmission to accomplish this, which considerably limits the possibilities for eNodeB energy savings and increases interference as the transmitter needs to be turned ON in 20% of all subframes. On the other hand, the on/off transition times are in practice instantaneous, and the performance potential of small cell on/off can be maximized.
Apparently both above options include quite a few further points to clarify. For the asynchronous on/off schemes, the practically achievable transition times are presently unclear. Obviously, RAN1 should not proceed with standardization of new, additional L1 procedure until it is know whether transition times can be significantly improved compared to existing CA procedures. Furthermore, if it is deemed that acquiring synchronization significantly faster than 24 ms is feasible, the logical first step is to define more stringent RAN4 requirements for SCell (de)activation time. This enhancement requires no (or very little) RAN1 effort while providing a way of turning small cells on and off much faster than what is currently possible.
Observation: If it is possible for a UE to synchronize to a carrier significantly faster than what the current RAN4 requirements for SCell activation imply (24/34 ms), the first enhancement to consider for small cell on off is to define more stringent requirements for SCell (de)activation. 
Proposal #1: RAN1 and RAN4 should first clarify what is the practically achievable on/off switching delay using the agreed CA activation / deactivation mechanism before specifying any further L1 on/off switching mechanisms.
In addition to CA activation / deactivation mechanism agreed already, another simple solution to facilitate on/off switching would be to utilize DRX configuration to inform the state of the cell (on vs, off). In the simplest form, it could be defined that when in DRX, the UE should not assume transmission of any DL signals other than DRS. However, one needs to take also here into account the time required by the UE for reacquiring the synchronization. Although DRX is used already in the current LTE networks, the DRX configurations are rather just guidance to the UE than something normative – even during DRX the UE may assume that DL signals and channels are transmitted as normal, and the UE may rely on those for maintaining synchronization. Therefore, it will need to be clarified how fast the UE can re-synchronize to a carrier after returning for DRX.
Observation: Feasibility of using DRX configurations to facilitate small cell on/off switching requires further study.

From the performance point of view, synchronous on/off schemes are more easily predictable as similar studies have been carried out in the past (e.g. NCT). Nevertheless, the standardization effort is far from trivial, and the gains identified during NCT evaluations do not justify widespread changes at least for the scenarios where backward compatible LTE can easily be deployed. Therefore we conclude that the currently ongoing Rel-12 Small cell physical layer enhancements should focus the further work on finalizing the design of discovery signals and the related measurements. New L1 procedures for further reducing the on/off transition times should be left for further studies beyond Rel-12.  

Proposal #2: Further small cell on/off and discovery related Rel-12 work in RAN1 shall focus on discovery signals, including related configuration and measurement aspects.

3
Conclusion
In this contribution we have discussed various aspects related to small cell on/off and related discovery operation with respect to a new L1 procedure. We point out that on/off schemes can be categorized in two groups depending on the assumption on the UE synchronization: Synchronous and asynchronous. The standards support required for either type of schemes is significant, while on the other hand, the performance of and the practical feasibility of especially asynchronous on/off schemes requires further study. Considering that it has already been agreed to support CA activation/deactivation based on/off switching, it seems natural that the 3GPP (RAN & RAN4) should firstly clarify what are the practically achievable on/off switching times using that method, and whether e.g. new RAN4 requirements are required. Our proposals are as follows:

Proposal #1: RAN1 and RAN4 should first clarify what is the practically achievable on/off switching delay using the agreed CA activation / deactivation mechanism before specifying any further L1 on/off switching mechanisms.
Proposal #2: Further small cell on/off and discovery related Rel-12 work in RAN1 shall focus on discovery signals, including related configuration and measurement aspects.
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