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1
Introduction

During the small cells SI it was found that the performance of small cell on/off as a means of limiting interference in dense small cell deployments is related to the on/off transition times [1]. Specifically, decreasing the transition times can give better gains by minimizing the amount of time cells are on without transmitting data while not compromising UE performance. Although this has not been thoroughly studied in the SI, one could assume that reduced transition time is also beneficial from the perspective of energy savings. Accordingly, the work item on Small Cell Enhancements – Physical layer aspects agreed in RAN#62 [2] includes a component about reduction of transition time.

As discussed in previous contributions [3], the most important functionality for a significant reduction of transition time is the introduction of RRM measurements based on a DRS. This enhancement alone allows reduction from several hundreds of ms to several tens of ms, which essentially corresponds to the latency of a handover initiated at the time of data arrival. To further reduce this transition time it would be necessary that the UE has the possibility to be configured with a serving cell that performs On/Off operation, such that the handover can be executed in advance of data arrival.
This contribution analyzes existing mechanisms and new potential L1 procedures that can be used to allow a UE to be configured with a serving cell that performs On/Off and thus further reduce transition time.

2
Procedures for reduction of transition time
In this section three possible mechanisms are analyzed for the reduction of transition time.

a) Activation/de-activation from CA (existing functionality)

b) New L1 procedure for active Scell, state-based [4]
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c) New L1 procedure for active Scell, subframe-level (i.e., stateless) [6]
The discussion focuses on procedures applicable to On/Off operation on an Scell. It is assumed that no new procedure is introduced to allow a UE to operate with a configured Pcell where On/Off is performed. This assumption is presumed to hold also for the pScell in Dual Connectivity, although this could be revisited when the design of Dual Connectivity is finalized.
CA activation/deactivation

Assuming that RRM measurements based on DRS are supported, with no new functionality it is already possible to operate On/Off on a cell that is a serving cell of a UE if this cell is a de-activated Scell. Thus, the activation/de-activation mechanism of carrier aggregation could in principle be used for the purpose of supporting On/Off operation. More specifically, a cell would be able to enter an Off state after all UE’s for which it is configured as Scell have received a de-activation command, and a UE could start operation on such cell after the cell re-enters an On state and the UE has received the activation command.

The UE is required to be ready to receive DCI on an SCell within 8-24ms after receiving a MAC CE activation command.  One can envision a scenario where a packet arrives for a UE and the network determines that such a packet should be transmitted on the Scell.  At this point the eNB can send an activation command to the UE and simultaneously turn on the required cell. Given the ambiguity time for the activation the network would have to be conservative, i.e. start CRS transmissions from the Scell early but wait until the maximum latency before actually scheduling the UE. Another issue is that the UE does not measure CSI for a de-activated cell, such that accurate CSI reports may not be immediately available to the scheduler. This means that the network has to select lower MCS at the beginning, which incurs some performance penalty. 
Observations:
· Achievable transition time using CA activation/de-activation is not less than 24 ms

· Sub-optimal scheduling occurs after a transition due to unavailability of accurate CSI

To avoid the latencies involved in MAC activation/de-activation one would have to introduce new functionality allowing the UE to operate with an activated Scell that performs On/Off. 

New L1 procedure, state-based
One approach is to introduce new UE functionality based on a concept of state. Essentially, the UE is informed of whether the cell is transmitting all legacy signals and channels (On state) or a reduced set (Off state), and adapts its functionality accordingly. In the On state the UE can rely on the presence of legacy signals and channels (e.g. CRS, DM-RS) to perform PDCCH/E-PDCCH and PDSCH decoding. In the Off state the UE can only assume that a subset of these signals are present and can turn off some functionality such as PDCCH/E-PDCCH decoding.
A state-based solution can be characterized by a “minimum on-time” and “minimum off-time” [7] that would typically be more than 1 subframe. Defining such minimum times could require fewer changes compared to existing UE implementations which may rely on the assumption of certain signals (e.g. CRS) being present in (almost) every subframe for functions such as fine time/frequency synchronization or channel estimation for demodulation. At the same time, too large minimum times can obviously have a negative impact on the transition time. In one proposal [4] it has been suggested that the minimum time be 1 frame, which could be a reasonable compromise.
The following design aspects would need to be decided upon in a state-based solution:
a) Determination of the state

The UE needs to determine with reasonable robustness the On/Off state at any time. One possibility is to signal this explicitly. Given the typical minimum time envisioned this would need to take place through physical layer signaling. For instance, it has been proposed that the signalling could occur periodically in every frame [4]. In case DRX is configured, the network should preferably configure the timing of these indications to coincide with the Active time of the UE (e.g. while onDuration timer is running). Another possibility is that the UE detects the presence of CRS (or DRS) to determine the state. Such solution would require less overhead at the possible expense of reliability.
b) CSI functionality during Off state

As mentioned previously, to ensure best scheduling performance CSI feedback should be available when the network starts scheduling the UE in the On state. This means that the UE should evaluate CSI also in the Off state, and a resource such as CSI-RS would need to be provided. To reduce the need for frequent transmission of CSI-RS while the cell is in the Off state, the resource should ideally be specific to the Off state to enable larger periodicity.
c) RRM measurements during On state
During the Off state, the UE needs to perform measurements on DRS since CRS is not available (in every subframe). However, during the On state, the UE has the possibility on taking measurements on CRS. In principle this means that the network could stop transmitting the DRS during the On state. However, this would require UE’s in neighbouring cells to know about (or detect) the state of the cell, which is undesirable. It should also be considered that the required periodicity of DRS for RRM measurements is relatively large (tens of ms) such that overhead should not be a big concern. The UE could also measure on both CRS and DRS during the Off state to improve accuracy.
New L1 procedure, subframe-level (stateless)

Another possibility is to introduce a stateless operation enabling the cell to operate On/Off on a subframe-level basis [6]. In this solution, the UE is provided with resources (i.e. set of subframes) where DRS can be assumed to be present, and cannot assume the presence of DRS in any other subframe.
This approach has the benefit of minimizing transition time in On/Off operation and maximizing flexibility from the network perspective. However, the fact that the UE receiver cannot rely on the presence of CRS in most subframes for channel estimation and fine time/frequency synchronization may imply more significant changes compared to existing UE implementations. In addition, the maximum periodicity of DRS allowing maintenance of fine synchronization may be relatively small [8], which could limit the gains to some extent.
This impact on implementation may be reduced if the DRS consists of a CRS that is not transmitted in every subframe. In addition, the solution may be seen as less complex from a specification perspective since one would avoid the introduction of a notion of On/Off state.

3
Discussion
From the above analysis, both possible solutions for a new L1 procedure on an activated Scell would seem to offer a significant reduction of the transition time compared to the existing mechanism of Scell Activation/De-activation. In addition, both solutions have the benefit, over this mechanism, that CSI reports can be available when (or soon after) the cell starts transmitting to the UE.
The reduction of transition time could be slightly better for the stateless solution, but it should be considered that in practice the relative difference in overall transition time should not be very large when taking into account the latency brought by DRX if configured. If the DRX cycle is 20 ms, for instance, one could expect that in average DRX contributes 10 ms to the transition time. In this case, whether the additional contribution from On/Off operation is 1 subframe or 9 subframes may not translate into a significant difference in performance. Another consideration is that the UE can be scheduled on the Pcell between the time of the first onDuration after data arrival and the time the Scell can be brought in the On state, further reducing the impact of this component of the transition time on the overall UE performance.
When considering complexity from a UE implementation perspective, it could be expected that the impact is less severe in a state-based solution for reasons mentioned in the previous section. The specification impact of the state-based solution (over a baseline where only RRM measurements based on DRS are introduced) seems manageable. For this reason our preference would be to specify a state-based solution.
Proposal: 
- In case a new L1 procedure is introduced to support On/Off operation on an activated Scell, specify a solution where the UE is informed of the On or Off state of the cell (i.e., state-based).
4
Conclusions
This contribution analyzes existing mechanisms and new potential L1 procedures that can be used to allow a UE to be configured with a serving cell that performs On/Off and thus further reduce transition time. The following proposal is made:
Proposal: 
- In case a new L1 procedure is introduced to support On/Off operation on an activated Scell, specify a solution where the UE is informed of the On or Off state of the cell (i.e., state-based).
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