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Introduction
In order to achieve small cell on/off time reduction, two cases needs to be discussed.
1) The procedure until to be served by on/off operating cell
2) The procedure during served by on/off operating cell
This document discusses above two cases and identifies the specification impacts.

Discussion
The procedure until to be served by on/off operating cell
In order to be served by on/off operating cell, the RRM measurement and the mobility procedure need to be discussed.
RRM measurement (RSRP/RSRQ)
In order to achieve faster on/off, UE should not be informed on the on/off status of the cell. UE should assume only limited subframes/channels are available for the operation. Then the remaining subframe/channels operation of on/off is eNB implementation. This principle is applied also for RRM measurement of RSRP/RSRQ. Therefore, UE shall not assume anything other than discovery signal transmission on RSRP measurement. On RSRQ measurement, we have companion paper on how to realize RSSI measurement for RSRQ measurement [1]. 

The mobility procedure on idle mode
It was concluded "no new idle mode UE behaviour in Rel-12 small cell enh. WI " in RAN1#76. On/off operating cell does not support idle mode operation as the cell cannot know which UEs are serving and it prevents fast on/off transition. In order to prevent idle UE is coming to this cell, discovery signal should be something different than normal CRS. In addition, the SIB should broadcast "barred".

The mobility procedure on connected mode (i.e. handover)
As idle mode mobility is not supported, the only procedure UE is to be served by on/off operating cell is handover. During handover procedure, not operating on/off makes the required specification effort minimized. In the condition that lower velocity UEs and the smaller number of UEs in a small cell, not operating on/off during handover procedure does not reduce on/off gain so much. At least, it would be more efficient than on/off operation is applied only for SCell.
The target cell in the handover procedure can know when new UE is coming by "handover request" message from the source cell. As discussed below, our proposal on on/off operation is using DRX. Therefore, the cell continues to keep "on" after "handover request" message reception until the configuration of UE DRX by RRC message. This procedure can be realized by the network implementation and we don't see the need to specify it. The following figure 1 modified from TS36.300 [2] shows the period eNB keeps on.


Figure 1. Handover procedure and the period eNB keeps "on".

According to above discussion, the necessary specification impact until to be served by on/off operating cell is only related to RRM measurement using discovery channel. The remaining can be realized by implementation of the network.


The procedure during served by on/off operating cell
We propose to use DRX procedure during UE is served by on/off operating cell. For the best effort traffic like web browsing, DRX operation is essential. Although DRX procedure is only applied per UE compared to per CC in SCell activation/deactivation, UE power saving gain is much large compared. Note that in dual connectivity DRX is per cell group, i.e. CCs configured by one eNB.
The figure 2 shows DRX cycle in TS36.321 [3]. In addition to RRC configured On Duration period, UE monitors PDCCH continuously during "the Active Time". The Active Time is extended depending on the traffic, i.e. (e)PDCCH reception, and HARQ retransmission and so on. After the scheduling request (by PUCCH or PRACH) for uplink initiated traffic, which can be different timing from RRC configured On Duration period, the Active Time is also specified. eNB and UE have common understanding when is the Active Time. 
In subframes which are not part of Active Time, UE behaviour is unspecified. In other than the Active Time, UE is not required to monitor PDCCH but UE is allowed to use some channels like CRS. We propose to specify like "UE shall not assume any downlink transmission except a discovery signal in subframes which are not part of the Active Time ". Then eNB can be "off" in other than Active Time and other than discovery signal as the implementation.
Usually RRC configured On Duration subframes among UEs in a cell are distributed in time in order to avoid congestion on certain subframes. In on/off operating procedure, On Duration configuration, i.e. starting subframes and Timer value are more aligned i.e. collocated in time in order to have "off" gain. This is implementation topic of the network. The network checks each UE's Active Time and when all UEs in a cell are not Active Time, the network can be operated as "off" period.

Figure 2. DRX Cycle from TS36.321
As DRX is applied also PCell, we needs to be careful on radio link monitoring (RLM). We propose on/off procedure is only applied when DRX cycle length is more than 0.01 seconds. TS36.133 section 7.6.2.2 [4] specifies radio link monitoring performance requirement when DRX is used. When DRX cycle length is 0.01 seconds and less, RLM performance is same as DRX is not applied. On the other hand, when DRX cycle length is more than 0.01 seconds, RLM performance depends on the DRX cycle length in use, which means RLM is assumed to be realized using On Duration subframes. In the main scenario of small cell on/off for best effort traffic like web browsing, DRX cycle length would be configure more than 0.01 seconds for better UE power consumption. Therefore, it would be sufficient to support such case only for small cell on/off procedure. 
If the first CSI reporting in On Duration is necessary, eNB may transmit some CRS (or CSI-RS) before On Duration as implementation option. On the other hand, just UE report OOR could be also sufficient.
Downlink initiated traffic is only realized during On Duration regardless of small cell on/off procedure introduction. There is no additional delay cause by the introduction on on/off procedure.
Uplink initiated traffic can be started in the subframes other than On Duration by UE sending Scheduling Request(SR) by PUCCH or PRACH. After SR, the Active Time is continued, which eNB keeps on. There is also no additional specification work and no additional delay caused by on/off procedure.
Following table 1 shows the assumptions related to the email discussion on [76-14].

Table 1: Assumptions on the small cell on/off when DRX is used.
	Assumptions
	On period
	Off period

	Transition time between on/off states and the definition of transition time used
	Based on TS36.912 B.1.2, following time is required. Note following is the delay required for DRX operation and there is no additional delay caused by small cell on/off.

Uplink initiated transition synchronized: 11.5ms
Uplink initiated transition unsynchronized: 14.5 ms as average
Downlink initiated transition, synchronized: No additional delay
Downlink initiated transition, unsynchronized: 17.5ms as average


	On/off granularity, i.e., any minimum-on-time (after transition from off to on state) and minimum-off-time (after transition from on to off state) restriction
	Minimum-on-time per UE depends on OnDuration timer configuration.

	There is no minimum-off-time restriction per UE.

	Assumptions on data availability/location (e.g., at eNB MAC buffer)
	Uplink initiated traffic: at UE.
Downlink initiated traffic: at eNB MAC buffer

	-

	Assumptions on CSI availability
	Fast fading CSI is not available. If necessary, eNB can send CRS/CSI-RS before On Duration.
RRM measurement can be used for the MCS decision

	-

	assumptions on TA availability
	Same as normal DRX operation.
If not available, PRACH procedure is used.
If available, no PRACH procedure.

	-

	Assumptions on SCell status (activated or deactivated) when applicable
	DRX procedure is applied regardless of PCell or SCell.

	-

	Assumptions on DRX status (for example, no DRX configuration )
	DRX is used
	-

	Assumptions on PDCCH or EPDCCH reception at UE
	UE receives PDCCH/EPDCCH during Active Period
	-

	Assumptions on the availability of RRC RRM measurement (RSRP/RSRQ) at eNB
	Available via RRM measurement over RRC

	-

	Preferred criteria to trigger on/off transitions
	Traffic availability

	-

	Specification impacts including any new UE behaviours/procedures needed, in addition to those already agreed until RAN1#76
	To have following text in the specification.
"UE shall not assume any transmission other than the Active Time except discovery signal"
	-





Conclusion
This document discussed the procedure related on/off time transition. We discussed the necessary modification related to the mobility and DRX. This proposal can be applied also to PCell.
The required modification would be following.
- For RRM measurement, UE shall not assume other than discovery signal.
- For mobility procedure on connected mode (handover), everything can be realized by the network implementation. The eNB does not operate off when any of UEs in the coverage are handover procedure.
- For DRX, to specify " UE shall not assume any downlink transmission except a discovery signal in subframes which are not part of the Active Time ".
By having above modifications, there is no additional delay caused by small cell on/off procedure. This includes the case that the small cell is PCell.
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