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1 Introduction
In the RAN1 77th meeting, the new procedure to support fast small cell on/off has been widely discussed and the following agreement [1] have been made:

Agreement:
· Minimize RAN2 impact by small cell on/off transition time reduction in addition to DRS-based measurement
An email discussion to further discuss the fast small cell on/off is initialized after the meeting and a set of agreements are made as follows:

Outcome of email discussion [77-08] Small cell ON/OFF transition time reduction

· A document summarizing all the proposals for transition time reduction which can then act as guidance for the next RAN1 meeting.

· An agreement on UE expectations on what signals are transmitted when an SCell is deactivated and DRS are configured:

· If a UE is configured with DRS based measurement for a serving SCell that is deactivated, the UE shall not assume transmission of PSS/SSS/PBCH/CRS/CSI-RS from that SCell, except for DRS transmissions until the subframe wherein the activation command is received at the UE.

· FFS MBMS on this SCell.

· FFS further reduction of CRS in an activated SCell.

· Observations on further reduction of transition time for small cell on/off:

· The number of subframes of CRS needed before decoding the first (E)PDCCH/PDSCH needs further study.

· For fine time and frequency tracking, a periodicity of CRS in one subframe in a 5 ms interval was considered sufficient. Further reductions in periodicity may be possible for small cells. Specific values are FFS.

In this contribution, we provide the discussion on the new L1 procedure to support small cell on/off.
2 Fast small cell on/off 
Small cell on/off could be realized using the existing mechanism such as handover, Scell activation/deactivation and potentially dual connectivity procedures. Meanwhile, the Scell activation/deactivation procedure has the least on/off transition time, which is in order of 24ms from deactivated state to activated state and 8 ms from activated state to deactivated state. As indicated in [2], the best system performance can be achieved when the transition time is less than 10ms. In order to support such fast small cell on/off, UE should be aware of the cell’s on/off state so that UE could receives DL data packet as soon as possible. In the following, we present the discussion on how this information could be obtained by the UEs.
When the small cell is in the on state, the small cell will transmit all the necessary signals and the UEs will continuous monitor the transmission in every subframe. While when the cell is in an off state, only DS and potentially other signals which depends on the detailed design of the procedure are transmitted. Although it is possible that the DS is transmitted regardless of the cell’s state and UE could always relies on the DS to perform RRM measurement, the awareness of the cell’s on/off state at the UE side is still beneficial from the viewpoints of the UE’s power consumption.
Several solutions have already been proposed to inform UE of the cell’s state as follows:

· Option a: explicit DCI message

In this option, the DCI message could be transmitted from the Pcell or Scell as an indicator of the cell’s state. If the DCI message is transmitted from the Pcell, then UE-specific DCI message should be used. The reason that UE-specific DCI message is used comes from two-folds: 1) UE may be configured with multiple Scells that are capable of on/off operation, the CIF in the UE-specific DCI message could be used to indicate which Scell is to be turned on; and 2) UEs may have different packet arrival distribution, UE-specific DCI message could save the UEs’ power consumption. However, the Pcell’s control region may be corrupted especially when there are many Scells operating on/off under this Pcell. Thus, it is preferred that the DCI message should be transmitted from the Scell operating on/off. Also the transmission occasion of DCI message indicating on state should be configured, the period and offset value should be informed to the UEs. 
Before the UE could decode the indicator, the fine time/frequency tracking is needed. The periodic transmission of the CRS could be used to realize the time/frequency tracking. Meanwhile, this could also facilitate the UE to perform the CSI monitoring. 

Regarding the delay between the indicator and its corresponding first on subframe, our understanding is that reserve the delay is mainly used for CSI reporting. However, the channel condition should be quite flat in small cell scenario, thus the small cell could use the latest CSI reporting based on the measurement. Also UE could be configured to perform periodic CSI reporting. So our preference is that the UEs could expect the scheduling grant in the next subframe when the DCI message indicating Scell’s on state is received.

Another issue is whether the number of consecutive on subframes associated with the indicator should be signaled to the UE. Basically two methods could be used to indicate the number of the consecutive on subframes:
· The number of consecutive on subframes is signaled within the DCI message. In this method, the modification to the existing design of the DCI may be required. This may bring large standard effort and thus is not preferred
· The number of the consecutive on subframes is implicitly indicated by indicator. In this method, when the UEs receive the DCI message indicating the on state of the cell, UE will continuously monitors the transmission. While when the UEs receive the DCI message indicating the off state of the cell, UEs know the cell is to be turned off. 
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Figure 1: illustration of the DCI message

As illustrated in figure 1, the transmission occasion for the DCI message indicating on state is configured to the UEs in advance, so UE will monitor the possible transmission of the indicator in the informed subframes. Once the UE receives the indicator, it knows the cell will be turned on in the next subframe and continuous monitoring the scheduling grant until it receives a DCI message indicating off state. While in the next transmission occasion of the DCI message indicating on state, if the UE don’t receive the DCI message, it knows the cell is still in off state. 
· Option b: reference signals

In this option [3], UE detects the status of the SCell in any subframe by trying to detect the CRS that will be transmitted in any subframe that is on. Thus, the detection of the CRS can be thought of as an implicit signal indicating that the subframe is on. However, this autonomous detection may not be reliable especially in the shared cell ID scenario
Proposal 1:
· It is preferred that DCI message indicating Scell’s on/off state should be transmitted from the Scell that operating on/off
· The transmission occasion of DCI message indicating on state should be informed to the UEs
· The number of the consecutive on subframes could be implicitly indicated by the DCI message indicating off state

· Periodic CRS transmission in the off state should be configured to facilitate the UE to perform the time/frequency tracking as well as the CSI feedback.
3 Conclusions
In this contribution, we present the discussion on how the Scells’ cell state could be obtained by the UEs. Based on our analysis, we have the following proposals:
Proposal 1:
· It is preferred that DCI message indicating Scell’s on/off state should be transmitted from the Scell operating on/off
· The transmission occasion of DCI message indicating on state should be informed to the UEs
· The number of the consecutive on subframes could be implicitly indicated by the DCI message indicating off state

· Periodic CRS transmission in the off state should be configured to facilitate the UE to perform the time/frequency tracking as well as the CSI feedback.

4 References
[1]. 3GPP RAN1 77th  chairmannote
[2]. 3GPP TR 36.872
Small Cell Enhancements for E-UTRA and E-UTRAN – Physical Layer Aspects (Release 12)

[3]. R1-141640, “On Transition Time Reduction for Small Cell On/Off” Ericsson


























































































PAGE  

