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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. Accordingly, the work item on Small Cell Enhancements – Physical layer aspects agreed in RAN#62 [2] includes a component about reduction of transition time.

Reduction of transition time can be maximized by the introduction of a procedure allowing a UE to be configured with a serving cell that may turn on and off CRS transmission dynamically, up to a subframe basis. Several proposals were discussed at RAN1#76 and RAN1#76bis. At RAN1#76bis it was concluded that a new L1 procedure must include an indication on what the UE can assume about the cell transmission. This indication could be from a DCI message (including an enhanced activation/deactivation command), a reference signal, or based on whether or not the UE is in active time. A list of aspects for further discussion has also been suggested.
This contribution analyzes the different candidate indication mechanisms for the On/Off state and provides some recommendations for the questions that were still open at the end of RAN1#76bis.
2
Indication mechanism
The main element of the procedure to decide on is the mechanism used for indicating transmission of the CRS in a subframe. The candidate mechanisms are:
· Explicit L1 signaling (DCI message or enhanced CA activation/deactivation command)
· Reference signal

· Active time (DRX)

Indication based on active time

In this mechanism, the UE assumes that CRS is present during those subframes for which it is in active time based on its DRX configuration and traffic activity. In other subframes, the CRS may or may not be present. Since DRX was designed to enable power saving at the UE, one rationale for this approach may be that in existing implementations the UE does not typically receive or use CRS in subframes not in active time, and thus that required changes compared to existing UE implementations to support the new procedure would be small. However, existing implementations may rely on the CRS in some of the subframes outside active time for purposes such as maintaining time and frequency synchronization or automatic gain control.
In case the indication is based on active time, CRS transmission has to occur for the duration of the inactivity timer after the last subframe at which the corresponding UE was scheduled. Thus, the opportunities for turning off subframes tend to be limited by the least aggressive power-saving configuration among all UE’s configured with the cell. Configuring a UE with a long inactivity timer would severely limit opportunities for turning off transmission even if actual traffic activity is low. Because of this issue, this mechanism is not preferred.
Proposal 1: For the mechanism indicating transmission of CRS, select between:

· Detection of reference signal

· Explicit L1 signaling

Indication based on reference signal
In this mechanism, the UE assumes that CRS is present based on the detection of a reference signal. The reference signal could be the CRS itself. In this case, it is likely that the decision of whether CRS is present or not applies only to the subframe where it is actually detected and not to any future subframe. Another possibility is to use a different type of signal such as PSS/SSS. The UE would assume presence of CRS based on detecting this type of signal above some threshold. This solution could ease UE implementation as the presence/absence of CRS in a given subframe would be more predictable (similar to a solution based on explicit L1 signaling). Another benefit is that detection attempt does not need to occur in every subframe, but only in a subframe occasion where the signal may be transmitted (e.g. every 5 ms).
With an indication based on detection of a reference signal there is no compelling reason to transmit the signal from another cell than the cell operation on/off, since the UE should be able to properly detect the signal even after a relatively long Off period (at most, this period correspond to the periodicity of the discovery signal). Transmission from another cell (e.g. Pcell) would unnecessarily create overhead for that cell.

The delay between the indication and the time when CRS is assumed present could be very short with this mechanism since there is no decoding operation involved. A delay of 1 or 2 ms would appear reasonable. If the signal is different than CRS, a number of consecutive subframes corresponding to 5 or 10 subframes could be suitable, depending on the periodicity of the occasions for the reference signal.
Proposal 2: For indication mechanism based on reference signal, the following is recommended:
· Indication is sent from the serving cell operating On/Off

· Reference signal used for the indication is different than CRS (e.g. PSS/SSS)
· Delay of 1 or 2 ms between indication and On subframe
· Number of consecutive subframes of 5 to 10 ms
Indication based on explicit L1 signaling

In this mechanism, the UE assumes that CRS is present based on reception of L1 signaling, such as DCI format 1C received in common search space, using PDCCH. The indication could in theory be received from either the Pcell or from the serving cell operating On/Off. However, in the latter case the CRS would have to be transmitted in every subframe in which the indication is transmitted. In addition, the UE would have to reliably decode the PDCCH without having received the CRS in a previous subframe. For these reasons it may be preferable that the signaling be transmitted from the Pcell.
The delay between the indication and the time when CRS is assumed present should correspond to the normal processing time for L1 signaling, i.e. 4 ms. As described in [3], a signaling interval of 5 to 10 ms would be possible.

Proposal 3: For indication mechanism based on explicit L1 signaling, the following is recommended:

· Indication is sent from the Pcell
· Delay of 4 ms between indication and On subframe

· Number of consecutive subframes of 5 to 10 ms
3
Conclusions
This contribution analyzed the different candidate indication mechanisms for the On/Off state and provides some recommendations for the questions that were still open at the end of RAN1#76bis. The following proposals are made:

Proposal 1: For the mechanism indicating transmission of CRS, select between:

· Detection of reference signal

· Explicit L1 signaling

Proposal 2: For indication mechanism based on reference signal, the following is recommended:

· Indication is sent from the serving cell operating On/Off

· Reference signal used for the indication is different than CRS (e.g. PSS/SSS)

· Delay of 1 or 2 ms between indication and On subframe

· Number of consecutive subframes of 5 to 10 ms
Proposal 3: For indication mechanism based on explicit L1 signaling, the following is recommended:

· Indication is sent from the Pcell
· Delay of 4 ms between indication and On subframe

· Number of consecutive subframes of 5 to 10 ms
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