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1. Introduction

In the 3GPP RAN 64 plenary meeting, the Way Forward on the scope of small cell on/off in LTE_SC_enh_L1 WI was agreed [1]. Based on the agreed way forward, the following consensus is achieved:
· Spend no more than 1 TU in RAN1#78 to discuss this open issue:

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

· If a consensus cannot be reached on a complete solution during this limited time, then there will be no new L1 procedure for activated SCell operating on/off in Rel-12 due to time constraints
So in this meeting, the time for the discussion of this issue is too limited. The good thing is after RAN1#77 meeting, a email discussion on this issue was proceeded, and all candidate schemes are summarized in details.
In this contribution, based on the above guideline and the summary of the email discussion after RAN1#77 meeting, we discuss the new L1 procedure for activated SCell to further reduce the transition time by DCI message.
2. The necessity of New L1 procedure for activated Scell operation
For CA case, in current specification, the operation of Scell activation/deactivation(A/D) is done by MAC layer. The A/D mechanism is not used for small cell on/off directly since this method is used by eNodeB to control activation/deactivation at UE side. In order to indicate cell on/off, for all UEs which are configured the SCell, the eNodeB should transmit the A/D MAC CE signaling to the all UEs in UE specific manner. So, to achieve small cell on/off with current A/D mechanism, the efficiency is very low and the delay is longer comparing with the physical layer signaling.
In order to further reduce the transition time, the new L1 procedure for activated SCell need to be introduced where information on what UE can assume about the cell transmission is indicated to the UE. In addition, there are several other two benefits if the UE can know the exact on/off state of Scell. One is that it can grantee UE power saving gain. The UE should not receive or monitor all downlink signaling except DRS such as PDCCH, CRS, CSI-RS and so on when the small cell is turned off. Moreover, it can remove the unexpected value from wrong resources for measurement and synchronization in downlink which is the second benefit. For example, the ambiguous problem of CSI feedback as proposed in [4]. So we have our first proposal as follows.
Proposal 1
-The new L1 procedure should be supported for activated SCell to further reduce the transition time.

3. DCI message to indicate the small cell on/off state
To further reduces transition time of small cell on/off operation, one candidate scheme of new L1 procedure is to indicate on/off state of Scell by DCI message. 
In this scheme, there is a periodic indicator by DCI format to inform the UE about the ON and/or OFF state of the serving SCell. The indicated state is valid for the corresponding period and cannot be altered until the next occurrence of the indicator. Depending on the periodicity of the indicator, the valid duration could be e.g. half frame level, frame level, double frames level ON/OFF for indicator periodicity of 5ms, 10ms and 20ms, respectively.
In this scheme, the assumption on the reference signal in different on/off stage are as follows: 

·  In the subframe configured with DRS, UE assumes DRS. 

  In addition:

•In the consecutive ON subframes during active time, UE assumes:

· CSI-RS in configured CSI-RS subframes

· CRS

· PDSCH and CRS in the scheduled subframe.

•In the OFF X consecutive subframes during active time UE assumes
· Alt 1: nothing other than DRS in the subframe configured with DRS is transmitted.
· Alt 2: CSI-RS is transmitted in configured CSI-RS subframes and nothing other than DRS is transmitted otherwise.
In this scheme, the value of the delay Td between the indicator and its corresponding first on subframe is within the range of 0 to 4 ms. Three alternatives can be considered.
· (Alt 1) Td = 0 ms

· (Alt 2) Td = 1-2 ms

· (Alt 3) Td = 4 ms

Regarding to the OFF-to-ON transition time, 
· 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 

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

For  DRX status, There is no change on L2 DRX status. The UE only care this indication in active time of DRX operation. For non-active time, follow the current specification by L2. The UE does not care this indication.
Another candidate L1 signaling can be reference signal. If reference signal such as CRS is selected to indicate on/off state, for each subframe, the UE blind detect whether CRS is exit or not may be by its RSRP value. When the RSRP value is higher than a threshold, the UE can assume this Scell is on in this subframe. Otherwise, the UE think it is off in this subframe.
If the CRS is selected to indicate the Scell on/off state, There can be no delay so that the value of the delay between the indicator and its corresponding first on subframe is 0ms. So that the on/off operation can be dynamically implemented in subframe level. Moreover, by CRS, the indication can be sent by the serving SCell itself, which is another advantage of this scheme. In this scheme, the assumption on the reference signal in different on/off stage are as follows:
· In the subframe configured with DRS, UE assumes DRS. 
· In the subframe configured with CSI-RS:
· (Alt 1) UE assumes CSI-RS and CRS

· (Alt 2) UE assumes CSI-RS
· In the subframe scheduled by E/PDCCH, UE assume PDSCH and CRS
· In In the other subframes
· (Alt 1) no transmissions are assumed.

· (Alt 2) no transmissions are assumed except in the subframes signalled to be ON by an indicator where the UE assumes CRS
From the above analysis, we can see that there is several benefit if it is done by reference signal such as it can be sent by Scell itself and no additional signaling overhead. However, one of the disadvantage for reference signal is that, since there is no CRC check, the UEs cannot know whether they correctly detect the activation/deactivation signaling. This problem is even serious when the UE is near the cell edge. The other disadvantage for CRS based solution is that it cannot used for TPs with shared cell ID case such as CoMP scenario 4 where some TPs may be not send CRS. In addition, for CRS based solution, the UE need blind detect the CRS in every DL subframe, which increase the UE complexity. If the DCI format in PDCCH of Pcell is selected to activate the Scell on/off operation, there will be no such problems. However, there will be additional signaling overhead and UE detection complexity.  In order to support Scell on/off state indication for all the cases, it is better that we down select the DCI message to indicate the Scell on/off state. So we have our second proposal as follows.
Proposal 2
- Scell On/Off states should be explicitly informed to UE by DCI message.
To indicate the small cell on/off state by DCI message, proper DCI format should be selected. Here we propose that DCI format 1C  is employed to transmit the indication of the on/off state of the small cell. With this DCI format, there have several benefits. Firstly, by DCI format 1C, there is no increasing of the number of blind detection. Secondly, DCI format 1C can be broadcast to a group of UE with new common RNTI named SmallCellOnoff-RNTI. The SmallCellOnoff-RNTI can be share by multiple UEs by RRC configuration or pre-defined value.
For the small cell on/off, since there are only two states, 1 bit is enough to indicate it. So we reuse the structure of the DCI format 3A. In this new DCI format, the following content will be transmitted:
- Small cell on/off indicator number 1, Small cell on/off indicator number 2, …, Small cell on/off indicator K
where K=Lformat 1C, and Lformat 1C is equal to the payload size of format 1C before CRC attachment when format 1C is mapped onto the common search space.
Each Small cell on/off indicator has 1 bit and indicates the on/off state of one small cell. To make multiple small cells share the same DCI format 1C, for each small cell, one indicator index named as SmallCellOnoff-index of DCI format 1C should be assigned. By this parameter, the UE can know which small cell on/off indicator is used to indicate the on/off state of the specific small cell. It should be noted that this index is per small cell specific parameter. For each small cell, one index should be provided. This parameter should be configured to multiple UEs who support small cell on/off operation. From above discussion, we have our third proposal as follows.
Proposal 3

- DCI format 1C can be one candidate to indicate the on/off state in broadcasting manner.
4. Conclusions
In this contribution, we discussed the open issues related to the small cell on/off procedure. Based on the discussion, we have 3 proposals as follows:
Proposal 1
-The new L1 procedure should be supported for activated SCell to further reduce the transition time.
Proposal 2
- Scell On/Off states should be explicitly informed to UE by DCI message.
Proposal 3

- DCI format 1C can be one candidate to indicate the on/off state in broadcasting manner.
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