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1. Introduction

In RAN1#77, several agreements about the L1 procedure for small cell ON/OFF for small cell enhancement were made as follows [1]:
	Agreement:
· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement
Agreement:
· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS
Agreement:
· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration



In the mail discussion following RAN1 #77 two main options were identified as fulfilling these requisites for small cell on/off indication [2]: ON/OFF based on L1 signalling, and ON/OFF based on CA activation and deactivation signalling.
2. On L1 indication of the SCell state
2.1. Transition time considerations

During the study item on small cell enhancements, simulations showed that the performance is inversely proportional to the length of the transition time [3]. In this sense, it seems in the best interest of RAN1 to reduce the transition time as much as possible.

According to [3], existing procedures such as handover, SCell activation/deactivation through MAC CE, and dual connectivity can be used for small cell ON/OFF operation. However, handover and dual connectivity do not seem to be viable alternatives, as they may require between hundreds of milliseconds to a few seconds to complete the transition. This is beyond what can be considered beneficial (during the study item many companies found little or no gain when the transition time is over 100 ms).

Reusing the CA activation-deactivation methods to indicate the ON/OFF status would require very little extra L1 procedures to be specified. However, the actual gain seems a bit inconsistent to us, as the transition time required after a small cell activation before the eNB can consider the UE ready to receive from it is not a fixed quantity. The range is fairly wide (8 ms to 24 ms for a warm start, up to 34 ms for a cold start), and only the lower values of the warm start case comply with what was identified as necessary for good performance in the study item [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 a small cell becomes active needs also further study, as it introduces an extra potentially large delay.


With dedicated L1 signalling, on the other hand, the delay between a small cell entering the ON state and the UE being ready to receive from it depends on the design choice, and can be reduced to a few ms (for instance, having the UEs periodically monitoring for the indication every 5 or 10 ms, which is within the good performance range according to [3]). A new L1 procedure seems to be essential to ensure a swift transition time and an efficient communication of the ON/OFF state of the small cells.
Proposal 1: a new L1 procedure that further reduces the transition time is defined in Rel. 12 for indication of the small cells' ON/OFF state.
3. Discussion


During the RAN #64 meeting it was agreed to "Investigate detailed solution(s) of new L1 procedure for activated Scell operating ON/OFF that further reduces transition time" [4].


As reflected in the summary of the email discussion [2], an ON/OFF indication based on L1 signalling should be applied to activated Scells, allowing the notification of the small cell's state to multiple UEs at the same time without increasing the network overhead. A CA activation/deactivation based method would be applicable only in deactivated SCells, and would present another disadvantage in that, as a method based on MAC CE, the indication would have to be sent to each UE individually. This may become a bottleneck and impact the performance of the small cell ON/OFF mechanism.
3.1. ON/OFF based on L1 signalling

Indication of the state of the small cells by the master eNB seems a very simple way to let UEs know which SCells are active. The master eNB can transmit the information individually for each small cell or for a set of small cells through the DCI messages, allowing for some flexibility. The detection probability of the DCI messages is high enough that this can be considered a very robust solution. However, if the DCI message cannot be detected, the eNB cannot know the situation of the UE. We believe that a conservative behaviour is good enough in this case, because the error detection probability is very low and the performance loss would be very small. Therefore, it is sufficient that the UE assumes that the subframe duration corresponding to a failed DCI message is in the OFF state, i.e., the corresponding SCell is deactivated, in order to avoid undesired uplink transmission from the UE.

An important factor to consider is the frequency with which a UE is expected to monitor for the ON/OFF indication of a small cell (or a group thereof).

As shown in the study item the performance of this mechanism is inversely proportional to the transition time. The minimum attainable transition time is achieved by having the UEs monitoring for the indication every subframe (subframe level ON/OFF indication). Under this scheme the UEs are potentially ready to start the communication with the small cell in the same subframe the indication is received. However, this scheme also taxes the UEs with extra blind decoding operations in every subframe, even though the actual indication appearance rate is low.


Alternatively, the UEs may be expected to monitor for this indication periodically every N subframes, where N is a group of subframes (multiple subframe level ON/OFF indication). UEs are not expected to perform measurements or monitoring on the small cell when it is OFF. This period can be set low enough to not compromise the gains of the ON/OFF mechanism, e.g. 5 ms, 10 ms, which is significantly lower than the CA activation method offering (which would require up to 24 or 34 ms).

According to the arguments exposed above we consider that a multiple subframe level ON/OFF indication approach achieves most of the identified benefits without negatively impacting the terminals' operation.

Proposal 2: a UE is expected to monitor for the ON/OFF state indication of a small cell with a period spanning multiple subframes.
 
Another pending issue is how long the UE requires to restart signal reception on the SCell. In our image the UE is always monitoring the small cell, and therefore when it receives an ON indication for a small cell the UE can safely assume that CRS is present and calculate the RSRP based on its measurements. We think this calculation should be possible within the subframe in which the indication is received, although it is debatable whether the measurement of only one subframe is accurate enough for proper operation. 2 or 3 subframes may be deemed necessary for reliable results (1 or 2 ms delay).

Proposal 3: the delay between the indicator and its corresponding first subframe on the serving cell is a value to be chosen between 0, 1 or 2 ms.
3.2. Indication method

When a UE receives the indication that a small cell is ON, the UE can assume that the small cell will remain ON for the next N subframes until the next indication monitoring instant.
Proposal 4: all the subframes in an indication period are assumed to be either ON or OFF.

In order to avoid unnecessary overhead the ON duration of all UEs should be aligned (i.e. defined per cell DRX configuration). This homogeneity benefits the scheduler as well, as otherwise methods may need to be implemented to appropriately prioritize UEs with ON duration nearing expiration.
Proposal 5: the ON duration of all UEs is aligned during active time.

When the indicator received by a UE declares a small cell as OFF, the small cell is considered to be OFF for N consecutive subframes, even during the active time of the DRX cycle. The UE assumes that no other signals apart from DRS in the subframe configured with DRS, and possibly PRS. The DRS contains PSS/SSS, CRS, and in some cases CSI-RS. Similarly, during the OFF period of the DRX cycle, the UE assumes that the CSI-RS may not be present, except if it is part of the DRS.
Proposal 6: during the OFF period of the DRX cycle or the OFF N consecutive subframes during active time the UE assumes that only the DRS and the PRS may be present.
4. Conclusion


In this contribution we analysed the possible methods for indicating the ON/OFF state of small cells to the UEs.
Proposal 1: a new L1 procedure that further reduces the transition time is defined in Rel. 12 for indication of the small cells' ON/OFF state.
Proposal 2: a UE is expected to monitor for the ON/OFF state indication of a small cell with a period spanning multiple subframes.

Proposal 3: the delay between the indicator and its corresponding first subframe on the serving cell is a value to be chosen between 0, 1 or 2 ms.
Proposal 4: all the subframes in an indication period are assumed to be either ON or OFF.
Proposal 5: the ON duration of all UEs is aligned during active time.
Proposal 6: during the OFF period of the DRX cycle or the OFF N consecutive subframes during active time the UE assumes that only the DRS and the PRS may be present.
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