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1 Introduction
Based on the summary document [1] which was produced after email discussion [77-08], the OFF-to-ON transition time for the different ON/OFF indication approaches is shown in Table 1. This contribution discusses the solutions for L1 based small cell on/off time reduction (precluding ON/OFF based on CA activation/deactivation signaling) according to the summary document together with the agreed WF in [1].
Table 1 The OFF-to-ON transition time for different ON/OFF indication approaches [1]
	ON/OFF indication approach
	OFF-to-ON transition time

	ON/OFF based on L1 signalling - Subframe level ON/OFF
	0ms (assuming the Scell is activated for the UE for all data packets arriving at the eNB MAC buffer)
· Note that 0ms may mean less than 1 ms transition time, for example, of the level of 1 or 2 OFDM symbols.

	ON/OFF based on L1 signalling – Multiple subframe level ON/OFF
	Maximum (Tp + Td) ms (assuming the Scell is activated for the UE for all data packets arriving at the eNB MAC buffer)
· Tp: Periodicity of indication, in order of e.g. 5ms, 10ms for DCI message based indication and in order of e.g. 20ms for DRS based indication

· Td: Indicator delay (delay from indication to OFF)

	ON/OFF based on CA activation/deactivation signalling


	CA activation time: maximum 24 ms based on the current requirements (assuming the Scell is not activated for the UE for any data packet arriving at the eNB MAC buffer).
· Proposals for further reduction by T1 ms using L1 signalling for activation/deactivation command (T1=4ms).

· Proposals for further reduction by T2 ms by modifying RAN4 requirements.

· Proposals for further reduction by T3 ms by excluding CQI reporting delay (T3=6ms).

· In practice, a UE may have shorter UE SCell activation delay than the UE SCell activation delay specified in the minimum requirements, i.e. before the timing in the minimum requirement but after N+8 (N is the subframe when the SCell activation command is received by UE). Both UE and network should be able to benefit from reduced SCell activation delay by the UE, following the current activated state operation defined in 36.321 Error! Reference source not found..


2  Subframe level ON/OFF
L1 indication could facilitate the subframe level ON/OFF. So far, we have the following proposals for subframe level ON/OFF:
1. Based on cross-carrier scheduling (explicit E/PDCCH from PCell)

2. Based on explicit DCI message to a group of UEs from PCell

3. Based on self-scheduling (implicit E/PDCCH from SCell)

4. Based on CRS detection on SCell 
In the following, the UE assumptions of the received signals from the serving SCell for subframe level ON/OFF are discussed.

When the SCell is not activated: 
· In the subframes containing DRS, UE assumes DRS.

· In other subframes, UE assumes no transmission.

When the SCell is activated, we have the following categorization due to DRX configuration:

· UE is in Active time:
· In the subframes configured with DRS, UE assumes DRS.

· In the subframes configured with CSI-RS, UE assumes CSI-RS and CRS (in relation to Q1 of Section 2.1.1 in [1]).

· The subframes configured with CSI-RS will be temporarily ON for a UE to measure the RS. In the subframe, there is no good reason not to assume CRS which is always helpful for measurement and time/frequency tracking.

· In the subframes scheduled by E/PDCCH, UE assumes PDSCH and CRS.
· In other subframes, UE assumes no transmission (in relation to Q2 of Section 2.1.1 in [1]).

· The indicator for ON/OFF does not seem necessary. ON/OFF operation for PDSCH can be facilitated by the scheduling operation with E/PDCCH. The measurement and time/frequency tracking functions can be supported by CRS/CSI-RS in the subframes configured with CSI-RS and DRS.

· UE is not in Active time:
· In the subframes configured with DRS, UE assumes DRS.

· In the subframes configured with CSI-RS, UE assumes CSI-RS and CRS (in relation to Q3 of Section 2.1.1 in [1]).

· The subframes configured with CSI-RS will be temporarily ON for a UE to measure the RS. In the subframe, there is no good reason not to assume CRS which is always helpful for measurement and time/frequency tracking.

· In other subframes, UE assumes no transmission (in relation to Q4 of Section 2.1.1 in [1]).

· Some subframes transmitting CRS when onDurationTimer is not running may be helpful for AGC and time/frequency tracking, but it seems not essential to have it.

3 Multiple subframe level ON/OFF
An indicator to inform the UE about ON and/or OFF state of the serving SCell can be defined for multiple subframe level ON/OFF. The indicator may provide information about how long ON state lasts. So far, we have the following proposals:
1. Periodic explicit signalling for ON/OFF indication based on broadcast DCI message to a (multiple) group(s) of UEs
2. Periodic explicit signalling for ON/OFF indication based on DRS
3. Periodic implicit signalling for ON indication based on E/PDCCH or CRS detection, OFF indication determined by the absence of the indicator
4. Periodic explicit signalling for ON indication based on broadcast DCI message, aperiodic implicit signalling for OFF indication
5. Periodic explicit signalling for ON/OFF indication based on configured DTX pattern and broadcast DCI message
The UE assumptions of the received signals from the serving SCell for multiple subframe level ON/OFF are discussed in the sequel with the following definitions:

· X denotes the number of consecutive subframes associated with the indicator, e.g., X=5, 8, 10, 20
· Tp denotes the periodicity of the indicator, e.g., Tp=5, 10, 20
· Td denotes the delay in ms between the indicator and its corresponding first subframe on the SCell, e.g., Td=0, 4
In our view (in relation to Q1 of Section 2.1.2 in [1]), X can be predefined or configured by higher layer signaling. As the network may not make the future scheduling estimates, the feasibility of additional information to include X in the indicator is questionable. Also, it is our view that Td=0 ms would be feasible in the implementation (in relation to Q2 of Section 2.1.2 in [1]).

In relation to the DRX configuration, UE assumes the indicator only occurs in Active time (in relation to Q3 of Section 2.1.2 in [1]). When a UE is in Active time, the Active time does not have to be aligned among the cells. In particular, when drx-RetransmissionTimer is running and onDurationTimer is not running, it is not possible to align Active time all the time for the different UEs in a cell. Thus, the Active time of all UEs can be non-aligned by the UE DRX configuration. When a UE is not in Active time, UE is not mandated to monitor the indicator (in relation to Q4 of Section 2.1.2 in [1]).
When the SCell is not activated: 
· In the subframes containing DRS, UE assumes DRS.

· In other subframes, UE assumes no transmission.

When the SCell is activated, we have the following categorization resulting from the DRX configuration:

· UE is in Active time:
· In the subframes configured with DRS, UE assumes DRS.

· In the ON X consecutive subframes, UE assumes:
· CSI-RS in configured CSI-RS subframes, and

· CRS, and

· PDSCH and CRS in the scheduled subframe

· In the OFF Y consecutive subframes, UE assumes CRS and CSI-RS are transmitted in the configured CSI-RS subframes and nothing other than DRS is transmitted (in relation to Q5 of Section 2.1.2 in [1]).

· The subframes configured with CSI-RS will be temporarily ON for a UE to measure the RS. In the subframe, there is no good reason not to assume CRS which is always helpful for measurement and time/frequency tracking.

· UE is not in Active time:
· In the subframes configured with DRS, UE assumes DRS.
· In other subframes, UE assumes that CRS and CSI-RS are present in configured CSI-RS subframes (in relation to Section 2.1.2 in [1]).

· The subframes configured with CSI-RS will be temporarily ON for a UE to measure the RS. In the subframe, there is no good reason not to assume CRS which is always helpful for measurement and time/frequency tracking.

4 Conclusions
In this contribution, we discuss the solutions for further reduction of small cell ON/OFF transition time when SCell is activated. The mechanisms of subframe level and multi-subframe level ON/OFF are discussed in conjunction with the DRX configuration. RAN1 is kindly asked to take the discussions in this contribution into account for the L1 based small cell ON/OFF operation.
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