3GPP TSG RAN1 #76bis                                                                                 R1-141519
Shenzhen, China, 31st March – 4th April 2014

Source:  ITL Inc.
Title:
Discussion on the open issues of the enhanced small Cell on/off procedure
Agenda Item:
7.2.4.2.1
Document for:
Discussion and decision
1. Introduction
In the 3GPP RAN1#76 meeting, the new WI on E-UTRA small cell enhancements - Physical layer aspects was discussed. By the discussion, for the small cell on/off procedure and discovery signal, the conclusion was achieved which point out the open issues of this item. Based on the conclusion, the open issues related to small cell on/off procedure to reduce the transition time are listed as follows:
· 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
In this contribution, we discuss the above open issues which is related to the small cell on/off procedure for the reduction of the transition time.
2. UE monitoring behaviour when DRS(s) is configured
In current spec., the UE keeps monitoring PSS/SSS and CRS to measure serving cell and neighbor cells. To support on/off operation, when the small cell is turned off, these signal will not transmitted. However, the small cell transmits the discovery signal (DRS) under the off state which enables UEs to detect it. 
In current discussion, to reduce the transition time, the DRS based RRM measurement and report should be introduced. So when the small cell is turned off, the UE should monitor DRS since all the other signals cannot transmitted. When the small cell is turned on, since usually the DRS has much longer period than the legacy CRS, it is better that the UE returns to monitor legacy CRS. So that we can keep the same performance as the legacy case where the eNodeB is always on. Based on this point, our second proposal is shown as follows:

Proposal 1: To keep the same performance as the legacy scheme, when the small cell is turned off, the UE should monitor DRS. After the small cell is turned on, it is better that the UE return to monitor legacy CRS.
3. Small cell on/off state indication

To support small cell on/off operation, if UE's behavior is different when the small cell is in different states, the on/off state information should be indicated to UEs. For example, the UE monitors DRS in small cell off state and monitors CRS in small cell on state for synchronization and RRM. in this case, the UE should know the exact on/off state of small cell. However, if the UEs' monitoring is the same no matter the small cell is on or off by proper DRS design, the on/off state of small cell can be transparent to UEs. However, even in this case, there are still several advantages if the UEs can known the exact on/off state of small cell.
1) It can grantee UE power saving gain. The UE should not receive or monitor all DL signaling except DRS such as PDCCH, CRS, CSI-RS and so on when the small cell is turned off. To achieve this, the UE need to know the exact on/off state.

2) It can remove the unexpected value from wrong resources for measurement and sync in DL . For example, the ambiguous problem of CSI feedback as proposed in [3].
So we think it is better to explicitly inform UE of the cell On/Off states.

To indicate the small cell on/off state, the design of the mechanism to should match the following requirement:

1) The small cell on/off state can be broadcasted to multiple UEs

2) there should be no impact to the legacy UE
3)The delay should be as small as possible.
Based on the above analysis, we propose that DCI format 3/3A/1C  is employed to transmit the on/off state of the small cell. Firstly, The DCI format by PDCCH can be transmitted in any DL subframe. So that the delay can be very small.  Secondly, DCI format 3/3A/1C can be broadcast to a group of UE by TPC-RNTI or new common RNTI which is share by multiple UE by RRC configuration or prefixed value. Finally, by different TPC index or different RNTI, there is no impact on the legacy UEs, . So we have our first proposal as follows.
Proposal 2: Small cell On/Off states should be explicitly informed to UE. DCI format 3/3A/1C can be one candidate to indicate the on/off state in broadcasting manner.
4. New L1 procedure for activated Scell operation
For CA case, one candidate solution to support is by Scell activation/deactivation. For dual connectivity case, similar process can also be applied which depends on RAN2 discussion.
In current specification, the indication 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 addition, this method is even not proper for dual connectivity case where the SeNodeB has its own MAC. When SeNodeB is off, it is not able to activate itself by his own MAC in off state.

To activate/deactivate the scell, candidate L1 signaling can be Reference Signal or DCI format in PDCCH of Pcell. If the reference signal such as DRS is selected to activate/deactivate the Scell, one benefit is that there is no additional signaling overhead. The other advantage of this method is that each small cell can activate/deactivate their Scell by themselves. So that there is no need for X2 signaling to Pcell eNodeB. However, one of the disadvantage is that, since there is no CRC check,  the UEs cannot know whether they correctly detect the activate/deactivate signaling. The other disadvantage is the eNodeB can not send it in every subframe. It depends on the time configuration of selected RS. 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. If this issue can be combined with the small cell on/off state indication, there can be no additional overhead. Here comes our third proposal as follows:

Proposal 3: DCI format in PDCCH of Pcell can be selected for activated Scell operating on/off, which can be joint discussed with the small cell on/off state indication issue.
5. Conclusions

In this contribution, we discussed the open issues related to the small cell on/off procedure. Based on the discussion, we have 4 proposals as follows:
Proposal 1: To keep the same performance as the legacy scheme, when the small cell is turned off, the UE should monitor DRS. After the small cell is turned on, it is better that the UE return to monitor legacy RS.
Proposal 2: DCI format in PDCCH of Pcell can be selected for activated Scell operating on/off, which can be joint discussed with the small cell on/off state indication issue.
Proposal 3: Small cell On/Off states should be explicitly informed to UE. DCI format 3/3A/1C can be one candidate to indicate the on/off state in broadcasting manner.
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