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1. Introduction

In RAN1#76bis, several agreements about the L1 procedure for SCell on/off for small cell enhancement were made as follows [1]:
	Conclusions:

· Candidates for the new L1 procedure for activated SCell to further reduce the transition time includes at least followings
· Information on what UE can assume about the cell transmission is indicated to the UE

· Candidates for the indicator are

· DCI message

· Reference signal

· Active time within the DRX procedure 

· Enhanced CA activation/deactivation  command

· For the DCI message and reference signal candidates 

· Down-select whether the indication is sent on the serving SCell operating on/off, on the PCell 

· Down-select the value of the delay between the indicator and its corresponding first on subframe, within the range of 0 to 4 ms

· Define the number of consecutive on subframes associated with the indicator

· FFS: Whether the number of on subframes can be signaled with the indicator

· Maximum number of consecutive off subframes is less than periodicity of configured signals such as DRS or CSI-RS.

· For candidates based on active time within the DRX procedure

· Define whether there should be a separate DRX configuration for the serving cell operating on/off different from the DRX configuration on other serving cells not operating on/off

· Down-select timers related to DRX configuration to support on/off

· For off subframes, UE assumes that the cell transmits a discovery signal in some of the off subframes. 



In this contribution, we provide our views on L1 and the different candidates identified for the indication of SCells' "on"/"off" state.
2. On L1 indication of the SCell state


During the study item on small cell enhancements, simulations showed that the performance is inversely proportional to the length of the transition time [2]. In this sense, it seems in the best interest of RAN1 to reduce the transition time as much as possible. 


According to [2], existing procedures such as handover, SCell activation/deactivation through MAC CE, and dual connectivity can be used for small cell on/off operation. Both handover and dual connectivity may require between hundreds of milliseconds to a few seconds to be effective, which is beyond what can be considered beneficial (many companies found little or no gain with a transition time of 100 ms during the study item). 

MAC CE, on the other hand, can be possibly used to achieve a transition time of up to 24 ms. Even though 24 ms is already in the range in which benefits can be seen, to fully unlock the potential of the small cells on/off operation a transition time in the tens of ms is still insufficient. In addition, MAC CE is only addressable to individual UEs at a time, which makes it difficult to transmit the information to multiple UEs at the same time and may prove to be a bottleneck. L1 signalling can be used to notify multiple UEs at the same time without increasing the network overhead.


For further reduction of the transition time and efficient communication of the on/off state of SCells a new L1 procedure seems to be essential.
Observation 1: a new L1 procedure provides the most potential gains and transition time reduction of the small cell on/off mechanism.
3. Discussion
3.1. Candidates for the indicator

In this section we make some brief remarks on the suitability of each of the proposed alternatives.
· DCI message

Indication of the state of the SCells by the PCell seems a very simple way to let UEs know which SCells are active and initiate the transition. The PCell can transmit the information individually for each SCell or for a set of SCells, allowing for some flexibility.

Moreover, a DCI message for this matter benefits from the already specified error detection mechanisms for DCI, greatly reducing the mis-detection probability and making it a very robust solution.
· Reference signal

Depending on the configuration of the discovery signal the UEs could discern whether a small cell is on or off by the detection of a certain reference signal. For instance, if the discovery signal is composed of PSS/SSS/CSI-RS, UEs could assume that a transmission in which CRS is present corresponds to an active cell.


However, the error associated to this operation is too risky. A UE could mis-detect the reference signal and consider a cell that is in the "off" state as active, starting to monitor an SCell that is actually "off", potentially decreasing its battery life with no benefit. Alternatively, a UE could fail to detect one the reference signal and consider as "off" a cell that is active, potentially resulting in a waste of resources if the SCell is configured to transmit to that UE. In either case the efficiency of the network is compromised.

· Active time within the DRX procedure

In our understanding, with this proposal, the SCell has to be in the “on” state during the active time of the DRX procedure of a related UE, and can only be in the "off" state during the DRX subframes of that UE. It is a simple solution with little or no specification impact, i.e. no indicator is specified.


However, this alternative presents a serious lack of flexibility in that an SCell cannot be turned off if any associated UE is active, even if that UE is not making use of the SCell. A UE configured with the DRX procedure would wake up at regular intervals to receive PDCCH from the eNB, and enter back into the “off” state if no transmission is pending. It is unnecessary to have the SCell active at those times, wasting energy and potentially causing interference to nearby eNBs. Moreover, an SCell with multiple related UEs may never be able to enter the “off” state, as the likelihood of always having an active UE is high.
· Enhanced CA activation/deactivation command


This alternative requires very little extra L1 procedures to be specified, but the real gains seem a bit unclear to us. How much time is required after an SCell activation before the eNB can consider the UE ready to receive from it is not a fixed quantity, as the range is fairly wide (8 ms to 24 ms for a warm start) or 34 ms for a cold start [3]). It is also difficult to predict how long it would take the UE to communicate the CSI to the eNB, as this factor is driven by the implementation of both the eNB and the UE. The case in which a UE is in DRX mode and an SCell becomes active needs also further study, as it introduces an potentially large extra delay.

In addition, as this method is based on the MAC CE, the indication must be sent to each UE individually. It is not possible to send a single indication to a group of UEs. This may become a bottleneck and impact the performance of the small cell “on/off” mechanism. 


According to the arguments exposed above, we consider that transmitting L1 indication through DCI messages presents many merits that makes it a viable option for indicating the "on"/"off" state of the SCells to the UEs. Furthermore, as the PCell is always activated for a UE, a DCI message from the PCell would be a suitable method to indicate the “on/off” states of SCells.
Observation 2: a DCI message from the PCell is a simple and robust way of indicating an SCell’s "on"/"off" state to UEs.
3.2. Maximum number of consecutive off subframes

If the L1 indication is sent through DCI messages, we see no need to add a limit to how many subframes an SCell can remain in the dormant state. The activation of the SCell should be determined by the eNB as an event ruled only by its effect on the network performance. The DCI message on the PCell can be used to switch the SCell from “on” to “off”, and vice versa. 
Observation 3: if the L1 indication is given through DCI messages, there is no need for a maximum number of consecutive "off" subframes.
4. Conclusion


In this contribution we make some observations as follows:
Observation 1: a new L1 procedure provides the most potential gains and transition time reduction of the small cell on/off mechanism.

Observation 2: a DCI message from the PCell is a simple and robust way of indicating an SCell's "on"/"off" state to UEs.

Observation 3: if the L1 indication is given through DCI messages, there is no need for a maximum number of consecutive "off" subframes.
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