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1 Introduction
Small cell on/off operation was further discussed at RAN1 #74bis. During the meeting a few conclusions were reached concerning small cell on/off and the related feature of discovery. Namely,

Conclusion:

· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off

Agreements:
· 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

In order to determine what properties the discovery signal needs to support, it is very crucial to understand what aspects are needed to achieve gains with small cell on/off operation. In this contribution, we highlight a set of different operational modes for small cell on/off and the corresponding properties needed on the discovery signal to support them. In a companion contribution [1], we provide evaluation results for each set of operational modes and form a recommendation on the properties the discovery signal should support. 

In two additional contributions [2]
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[3], we further discuss different aspect of the discovery signal design. 

2 Discussion

Whether or not small cell on/off is backwards compatible was discussed during RAN1 #74bis without reaching a firm conclusion on what exactly is backwards compatibility. It should be noted that if the new feature is introduced for waking up cells or allowing UEs to be served by a cell in a way that is different than (or not supported) in previous releases, then such a feature could be seen as being not backwards compatible. This criterion is identical to how other non-backwards compatible features  such as the NCT and DL eDTX mode have been discussed in RAN1.

Observation

· Small cell on/off has similar backward compatibility as the NCT and DL eDTX

Given that the design is not backward compatible, in this contribution, we discuss three different operational modes based on the TR [4], namely : traffic load increase/decrease, UE arrival/departure (i.e. UE-cell association) and packet call arrival/completion. 

2.1 Small cell on/off to match traffic load increase/decrease
Utilizing small cell on/off to match the increase and decrease in traffic load is very similar to the dormant mode type of operation standardised in RAN3. Furthermore, given that the evaluation results in the TR indicate that there is no gain or loss with this type of operation we will not further analyze this type of operational mode here. 

Proposal

Include in the conclusion part in 36.872 for small cell ON/OFF

· There is no necessity for standard changes to support small cell ON/OFF as a load balancing feature
The remaining two operational modes are UE arrival/departure and packet call arrival/completion. Depending on how the network is configured and what point of view it has, it could be difficult to directly categorize the different operational modes according to these two options. What we do here is instead to directly highlight three different ways of operating the network with small cell on/off. 

2.2 Small cell on/off as an SCell activation/deactivation

The first option is to configure the small cell layer as a SCell only layer. It follows from the definition of the operational mode that it requires that the UEs support at least DL carrier aggregation. The small cell on/off would be operated by allowing the UE to identify an applicable small cell to be configured as an SCell based on the discovery signal. This requires that the UE can perform RRM measurements on the discovery signal. The UE would report the potential candidate cells to the network and the network would configure one of the cells as an SCell. This specific SCell is, at this stage, not activated from the UE perspective and can also be off from its own perspective (if no other UE is served by the cell). At a later stage in time, as the traffic demands from the UE increases, either in UL, DL or both, the network judges that the PCell cannot handle the increased traffic demand and will then activate the SCell for the UE. 

The applicable time to perform the activation of a previously configured SCell is 24 ms [5], assuming in principle that the UE has been able to perform RRM measurements on the cell prior to the reception of the activation command. This behaviour should be extended such that the RRM measurements are performed on the discovery signal.

Deactivating the Scell from the UE perspective can be done after the network no longer needs the extra capacity from the small cell. After the SCell has been deactivated for all served UEs, the cell can also be turned off. The time to deactivate the Scell is 8 ms [5].

Observation

· Activation time for a Scell is 24 ms assuming that the UE has performed RRM measurements prior to receiving the activation command

· Deactivation of a Scell is 8 ms
Proposal

· To support Small cell on/off by SCell activation/deactivation the discovery signal needs to support RRM measurements

To evaluate the performance of this operation we have evaluated this type of operational scheme in [1]. With some simplified assumptions, we have in the evaluations assumed that if the best cell to associate to is a small cell, the UE can only be scheduled on that small cell. If the best cell that the UE is associated to is a macro cell it can only be scheduled by that macro cell. The applicable gain of this type of operational mode is given in [1].

2.3 Small cell on/off by handover

In a second design option we design small cell on/off targeting a scenario wherein the UE needs to perform an HO to utilize small cell on/off. The operational mode is supported by both single and multi-carrier capable UEs. The operational mode is described as follows. The UE would need to be in CONNECTED mode and attached to a cell in the network. If this is described from the basis of small cell scenario 2a [4], the UE would be attached to a macro cell. Similar to the Scell operational mode, the amount of data to be transmitted to or from the UE increases and the macro cell deems it necessary at some point to offload the UE by HO to a small cell. 

The time to perform the HO is dependent on the backhaul delay and the time to execute the handover. In [6], the assumed total time is 90 ms wherein corresponding handover delay can be split into two parts, 50 ms due to backhaul delay and 40 ms due to handover execution time. Furthermore, in [4], a combined value range of 80 to 120 ms is shown for an HO excluding the time for RRM measurements. After the data has been transmitted to and from the UE, the UE needs either to be put into IDLE mode or HO to another cell. After this, the previous serving cell can be turned off if no other UE is connected to it.

Observation

· Off-to-On transition for HO based solutions are 80 to 120 ms

· On-to-Off transition for HO based solutions are 80 to 120 ms

In order to support the HO based scheme, the UE needs to measure RRM measurement on cells that are either on or off. From an RRM measurement perspective the UE will not know if the measured cell happens to be on or off. Hence, this RRM measurement needs to be supported by the discovery signal. 

Proposal

· In order to support HO based small cell on/off, the discovery signal needs to support RRM measurements

To evaluate the performance of this operational mode, we have evaluated this type of operational scheme in [1]. If the UE is associated with a small cell we assume an off-to-on transition of 90 ms and a similar on-to-off transition. The applicable gain of this type of operational mode is given in [1].

2.4 Small cell on/off by the serving cell

In the third operational mode, the UE can be attached to a cell that can be either on or off. The cell can be either an SCell or a PCell. In the first part of the section we assume that small cell on/off is operated on either only on the serving cell or on the UE’s Pcell. For simplicity we here focus on the first case.

The UE is attached to a small cell in CONNECTED mode that operates small cell on/off. The cell can go from off-to-on and on-to-off on a subframe level, in general. The cell goes on when it is supposed to schedule a UE in either UL or DL and at that point of time needs to transmit applicable reference signals. Together with the data or scheduling assignment the network could also provide a fine frequency and time synchronisation mechanism. How this is performed is further highlighted in [3].

Observation
· Off-to-On transition for serving cell solutions is 0 ms

· On-to-Off transition for serving cell solutions is 0 ms

In off stae, the cell needs to provide several different properties. 

Firstly, an off cell needs to provide is some form of time and frequency synchronisation mechanisms. It is sufficient that the cell provides a coarse  time and frequency sync as described in [3]. As further highlighted in [3] the discovery signal can support these properties. The UE would further need to derive the QCL properties from the discovery signal.

The UE needs a signal to monitor the radio link. This signal needs to be available independent of whether the cell is on or off. The most suitable signal to satisfy this property would be the discovery signal. Details on how the discovery signal can be used for the UE to monitor the radio link are provided in [2]. 

Similar to the other scenarios described here, the UE needs to be able to measure RRM on neighbour cells and the current serving cell. The most suitable signal to perform this on would be the discovery signal.

Proposal
· In order to support small cell on/off, the discovery signal should support RRM, RLM, QCL and coarse time and frequency synchronisation

To facilitate scheduling and link adaption, it is necessary that the small cell can configure the UE to report CSI feedback while the cell is off. The simplest solution for this is forthe small cell configured CSI feedback based on CSI-RS and CSI-IM to be transmitted by the network sparsely in time. 

To evaluate the performance of this operation we have evaluated this type of operational scheme in [1]. The applicable gain of this type of operational mode is given in [1].
3 Conclusion
In this contribution we have discussed several different operational modes for small cell on/off. We note that there are mainly three different operational modes

· Small cell on/off by SCell activation/deactivation

· Small cell on/off by handover
· Small cell on/off by the serving cell
Based on these operational scenarios we make the following observations.

· Small cell on/off has similar backward compatibility as the NCT and DL eDTX

· Activation time for a Scell is 24 ms assuming that the UE has performed RRM measurements prior to receiving the activation command

· Deactivation of a Scell is 8 ms
· Off-to-On transition for HO based solutions are 80 to 120 ms

· On-to-Off transition for HO based solutions are 80 to 120 ms

· Off-to-On transition for serving cell solutions is 0 ms

· On-to-Off transition for serving cell solutions is 0 ms
Based on these observations we make the following proposals.

Include the following in the conclusion part in 36.872 for small cell ON/OFF

· There is no necessity for standard changes to support small cell ON/OFF as a load balancing feature 
In order to support small cell on/off, the discovery signal should support RRM, RLM, QCL and coarse time and frequency synchronisation 
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