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1. Introduction
In RAN1#76bis and subsequent e-mail discussion [76-14], the details of small cell on/off have been extensively discussed. The following agreements were reached in RAN1#76bis:
Agreements:

· No new idle mode UE behavior in Rel-12 small cell enh. WI

· For intra-/inter-freq. RRM measurement, at least DRS-based RSRP measurements are supported
Agreement:

· For RRM measurements, support DRS-based RSRQ-like measurements

· Details are FFS
Conclusion:
· Followings are open issues of small cell on/off and discovery to reduce the transition time

· How to support DRS-based RSRQ-like measurements

· Potential RAN2 impacts to use the DRS-based measurements in handover, and carrier aggregation activation/deactivation, and dual connectivity procedure (being defined in RAN2)

· Investigate detailed solution(s) of new L1 procedure for activated Scell operating on/off that further reduces transition time

· Specify UE monitoring behavior when DRS(s) is configured for a UE, e.g., 

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether (and how) cell On/Off states explicitly informed to UE

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS

In this contribution, we discuss some aspects related to the reduction of transition times in small cell on/off. Note that we have provided our views on the discovery signal design in [1].
2. Discussion
It is generally understood that most of the details of non-L1 –based small cell on/off procedures fall within the domain of other RAN working groups, however there may still be a need to clarify the expected UE behavior from the L1 perspective in a cell performing on/off with any of the procedures. 
Basically handover and SCell activation/deactivation procedures can be readily used for enabling a small cell to transition itself between on and off states. For the handover procedure, discovery signals can be used to remove the measurement phase and by that reduce the transition times significantly as only the HO procedure needs to be performed after the cell is turned on. Similarly, related to the SCell activation/deactivation procedure, discovery signals can be used for enabling measurements from an off cell in deactivated state, enabling the eNB to shut down for instance the legacy PSS/SSS/CRS transmissions. In addition to handover and SCell activation/deactivation, the WID [2] lists dual connectivity as one possible procedure. However, RAN2 has already agreed that activation/deactivation procedure is not supported across the MeNB and the SeNB and that the special SCell is always activated. Still, the DRX procedure could be utilized for turning on/off the special SCell such that the cell may be turned off during the DRX non-active time, and the UE would rely only on the discovery signals during that time. Utilizing the DRX procedure for enabling small cell on/off during non-active time was discussed also in [3]
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[4].
It is noted that independently of the procedure, if a small cell is utilizing on/off, it becomes non-backwards compatible in the sense that legacy UEs will not be able to measure it anymore. This also means that legacy UEs cannot have the cell as an SCell as the legacy UEs would be measuring the SCell also when deactivated. Furthermore the DRX-based procedures are only applicable, if there are no legacy UEs camping on the same carrier.

Since with all the procedures the small cell on/off mechanism is essentially relying on the periodically transmitted discovery signal, it would need to be formally agreed that at least for RRM measurements, the UE shall not assume presence of any other signal when configured with DS-based measurements. However, whether something else is needed additionally for CSI feedback or for time/frequency tracking and settling the automatic gain control (AGC) during the off-to-on state transition would still need to be further studied. 
For instance, in case of SCell activation/deactivation, at least the CRS would probably need to be transmitted between the time instant when the UE receives the activation command (subframe n) and the time instant when the SCell is considered activated (n+24/32) to ensure that the UE is able to settle its AGC and do time/frequency tracking before starting the PDCCH/EPDCCH monitoring. Something similar may be needed for DRX always before the UE starts to monitor PDCCH/EPDCCH. To account for this issue it could be specified more generally that the UE may assume transmission of (at least) CRS during X ms before starting to monitor PDCCH/EPDCCH on a cell performing on/off, with the exact value of X being up to RAN4 to decide. Finally, whether transmission of CRS or CSI-RS is needed for CSI feedback before start of PDCCH/EPDCCH monitoring to ensure timely availability of valid CSI feedback may be further studied.
Note that it could of course be considered that discovery signals themselves would provide the needed AGC and time/frequency tracking support. This depends on the discovery signal design details; however it is not entirely clear if the time period between the discovery signals and the start of PDCCH/EPDCCH monitoring would be sufficiently short for this. Furthermore, if discovery signals would indeed be sufficient for this purpose, the SCell activation time could most likely be reduced as well, reducing the benefits of L1-based schemes (discussed in section 2.1) further. 
Observation:
· With SCell activation and DRX-based small cell on/off procedures, the possibilities of the UE to settle its AGC and do time/frequency tracking before commencing PDCCH/EPDCCH reception should be ensured.

Proposals:
· A UE configured to utilize discovery signals for RRM measurements shall not assume presence of any other signals at least for RRM measurements, except for following:
· The UE may assume presence of CRS for a period of X ms before starting PDCCH/EPDCCH monitoring on a serving cell performing on/off.
· X is up to RAN4 to decide.
· Whether other signals are needed before starting PDCCH/EPDCCH monitoring, e.g. to ensure timely availability of CSI feedback, is FFS.

New L1-based procedures for activated SCell
During the study item, it was shown that further reduced small cell on/off transition times lead to increased performance benefits. Consequently, there have been several proposals on utilizing more dynamic L1 signaling-based schemes to further reduce the transition times [5]
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[7]. As per the WID [2], these procedures are limited in scope to be utilized only on activated SCells, thus from backwards compatibility perspective there is practically no difference to activation/deactivation or DRX-based schemes. The WID does not state anything about dual connectivity with respect to the L1-based schemes, however it should be clarified further that if such L1-based procedures are defined, they should be applicable also on a special SCell. This would be motivated by the fact that SCell activation/deactivation –based schemes are not applicable in that case.
Since the schemes are limited to activated SCell, by default it should be assumed that UE is actively monitoring PDCCH/EPDCCH, is reporting CSI to the eNB according to aperiodic/periodic CSI reporting configuration and CSI-RS/CSI-IM resource configurations, maintains a valid timing advance and is actively doing RRM measurements (possibly based on discovery signals). The schemes are targeting to enable a cell to switch on and start transmitting data instantly once receiving the downlink data in the eNB buffers. As such, the schemes are based on an underlying assumption that the UE is also instantly ready to receive. This could be a feasible assumption in non-DRX at least assuming that a UE is able to maintain a valid timing and frequency synchronization as well as AGC setting during the cell off period, which most likely means that the off period cannot be too long. However, typically DRX would be configured also for the SCell for UE power saving purposes, in which case there could anyway be some latency involved in scheduling the packets to the UE, and the benefits of schemes faster than SCell activation become less obvious. Assuming that the UE is instantly ready to receive always would mean that the UE is not configured with DRX, or that the UE is configured with long DRX active times (e.g. the onDurationTimer parameter). In such a configuration, where the UE is not receiving any data but still needs to be actively monitoring PDCCH/EPDCCH on the activated SCell for extended periods of time, the DRX and/or sCellDeactivationTimer could be considered as misconfigured. On the other hand the DRX mechanisms are already designed such that they allow all packets to be transmitted to the UE before the UE falls to DRX again, and furthermore the MAC DRX command can be used to put the UE to DRX instantly. Hence, the on-to-off transition times are already very short and compared to DRX, operating small cell on/off with L1-based schemes would mainly optimize the off-to-on latency assuming that the UE is actively monitoring the carrier all the time.
Obviously, if the serving cell is off, it would be very natural to let the UE also to save power. This could be achieved by simply relying on proper DRX configurations with small cell on/off rather than any L1-based schemes. If additional L1-based schemes are adopted, they should rather be based on explicit signaling of the on/off state of the cell to the UE so that the UE can use the signaling to perform autonomous DRX while the cell is off.
Observations:

· Further L1-based transition time reduction schemes may have benefits in cases where DRX has not been configured to the UE, or DRX is configured with long active times.

· Thus the schemes seem to reduce small cell off-to-on latency with the expense of UE power consumption.
· It would be natural to let the UE also save power if the serving cell is off, achieved by relying simply on existing DRX schemes, or by explicit signaling of the cell on/off state to the UE in case new L1-based schemes are adopted.
As such, the L1-based schemes may not, from RAN1 specification perspective, require too much specification. Basically the abovementioned explicit signaling would need to be specified if such an approach is adopted. Additionally, the UE behavior should be defined with respect to the subframes in which the serving cell may be off. The simplest way could be to just define that the UE shall not average channel and interference measurements across multiple subframes for demodulation or for CSI feedback purposes, or at least the averaging should be limited to those subframes in which the UE knows for sure that the serving cell transmission is on. A solution may need to be defined also about the existence of CSI-RS for QCL purposes.
Finally, it should be noted again that the UE may lose track of timing and frequency synchronization in case the cell is in off state for a long time. Hence similarly to what we discussed above for SCell activation and for the start of DRX active time after the cell has been in off state, some reference signals may need to be provided to the UE for a period of X ms before commencing the data transmission. Of course, as mentioned, it might also need to be studied whether the discovery signal can be used for this purpose, but this depends also on the exact DS design details.
Anyway, our preference would be not to introduce any additional L1-based mechanisms. Rather, some methods based on DRX could be considered, as those would be applicable also to the special SCell. However, these methods may not have much RAN1 specification impacts, therefore the main remaining RAN1 impacts for small cell on/off are the discovery signal design details. Some things may also need to be specified about existence of PSS/SSS/CRS for time/frequency tracking purposes before PDCCH/EPDCCH monitoring may commence, as proposed above.
3. Conclusion 
In this contribution we have discussed some details of small cell on/off procedures. Our proposals based on this discussion are as follows:
Proposals:

· A UE configured to utilize discovery signals for RRM measurements shall not assume presence of any other signals for at least RRM measurements, except for following:
· The UE may assume presence of CRS for a period of X ms before starting PDCCH/EPDCCH monitoring on a serving cell performing on/off.

· X is up to RAN4 to decide.
· Whether other signals are needed before starting PDCCH/EPDCCH monitoring, e.g. to ensure timely availability of CSI feedback, is FFS.

Regarding the L1-based schemes, we do not see a significant specification impact, however also the benefits may be questionable as it seems that only the off-to-on latency can be mainly reduced in case that the UE is not in DRX, and would thus come with the expense of increased UE power consumption. The on-to-off latency is already very short and does not need to be further optimized.
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