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1 Introduction
In this contribution, we discuss the potential new L1 procedure to achieve more dynamic small cell on/off operation. The potential solutions to achieve it are discussed in terms of the specification impact and the achievable gains.
2 Transition time reduction
According to [1], the existing procedures such as handover, SCell activation/deactivation, and dual connectivity (if defined by RAN2) can be used for small cell on/off operation. The transition times for each method are:
· For handover, it generally takes hundreds of milliseconds to a few seconds by RRC.

· For SCell activation/deactivation, it generally takes tens of milliseconds to hundreds of milliseconds by MAC CE.

· For dual connectivity, it would generally take hundreds of milliseconds to a few seconds or more by SeNB addition/release by RRC which is similar to handover procedure. The exact transition time would be dependent on future RAN2 decision.
 For handover or dual connectivity based procedures, it might be difficult to significantly reduce the transition time unless the higher layer procedure is changed. From [2], the upper bound of transition time of SCell activation/deactivation based on MAC CE can be derived 24ms. Therefore, it is foreseen that SCell activation/deactivation based small cell on/off would have a room to further reduce the transition time by introducing a new L1 procedure from 24ms down to 1ms assuming that the SCell is currently activated.
 From the evaluation for semi-static on/off scheme based on packet call arrival/completion which is related to SCell activation/deactivation operation, UPT gains are generally observed with 0 MBSFN subframe configuration when transition time is less than 100ms. Therefore, transition time 100ms is a sort of threshold to bring a gain with small cell on/off operation in the scenario of packet call arrival/completion with SCell activation/deactivation. As an upper performance bound of small cell on/off (i.e. extremely dynamic in subframe basis), the idealized dynamic small cell on/off scheme in subframe level shows the best performances. Therefore, it is generally observed that more dynamic on/off operation gives more UPT gains.
Observation 1: The semi-static on/off scheme based on packet call arrival/completion generally shows performance gain with 0 MBSFN subframe when transition time is less than 100ms.

Observation 2: A new L1 procedure may further reduce the transition time from 24ms (SCell activation/deactivation) down to 1ms assuming the SCell is currently activated.

3 L1 based on/off
3.1 Radio frame (10ms) level on/off [3]
An eIMTA-like dynamic on/off in radio frame level is proposed [3]. Figure 1 shows an example to indicate SCell on/off by DCI format 1C. The indication of on/off is signaled at 4ms prior to the beginning of on/off subframe for receiver processing/preparation time. If this operation is performed in SCell activation status, the indication prior to the beginning of on/off subframe may not be needed according to the current SCell activation where a UE monitors PDCCH and measures CSI in the subframe. This could be facilitated by broadcasting DCI format 1C. CSI measurement and RRM measurement (if legacy procedure is used in small cell on/off) can be performed in ON state.
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Figure 1 Radio frame (10ms) level on/off [3]
3.2 Subframe (1ms) level on/off

A subframe level on/off can be realized by DL scheduling. If there is a DL grant in a subframe, the scheduled subframe is regarded as ON; otherwise, the cell is OFF. Figure 2 illustrates an example for small cell on/off by DL grant with cross-carrier scheduling. If the on/off operation is defined on SCell activation status, self-carrier scheduling can also facilitate this subframe level on/off operation. CRS/CSI-RS on SCell can be transmitted periodically or the transmissions may also be controlled by DCI based operation. 
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Figure 2 DL grant based small cell on/off (subframe level)
4 Discussions
In order to smoothly operate in packet call arrival/completion based on/off operation, SCell needs to keep activated. From the discussions so far, to facilitate dynamic on/off operation, it is observed that a new L1 mechanism needs to be specified. In addition, a new procedure for the measurement also needs to be specified. In order to further optimize the procedure, cell specific DRX operation needs to be specified as well, since current DRX is based on UE specific.
Observation 3: The specification impact is moderate.
All in all, the expected transition time reduction may be up to 23ms (from 24ms by existing SCell activation/deactivation to 1ms) for a new subframe level on/off. From the simulation results in [1], the large portion of UPT gains is already achieved when the transition time is reduced to around 20 – 40 . The gain obtained by further transition time reduction for dynamic on/off to less than 10 ms is not significant (about 5%) with no cell ID planning and 0 MBSFN subframe.
Observation 4: Additional achievable gain with more dynamic on/off by a new L1 procedure (less than 10ms) is not significant compared to the existing mechanism of SCell activation/deactivation (24ms).

5 Conclusions
 This contribution discusses a new L1 procedure for dynamic small cell on/off less than the transition time that can be achieved by the existing SCell activation/deactivation procedure. From the discussions, we observe that:
Observation 1: The semi-static on/off scheme based on packet call arrival/completion generally shows performance gain with 0 MBSFN subframe when transition time is less than 100ms.

Observation 2: A new L1 procedure may further reduce the transition time from 24ms (SCell activation/deactivation) down to 1ms assuming the SCell is currently activated.

Observation 3: The specification impact is moderate.
Observation 4: Additional achievable gain with more dynamic on/off by a new L1 procedure (less than 10ms) is not significant compared to the existing mechanism of SCell activation/deactivation (24ms).

Based on above discussions and observations, we think the existing SCell activation/deactivation procedure is sufficient to benefit from small cell on/off in the order of tens of milliseconds and therefore suggest not considering a new L1 procedure for more dynamic small cell on/off beyond SCell activation/deactivation in Rel-12.
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