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1 Introduction

In RAN1#76, a list of agreements and conclusions were achieved on small cell on/off and discovery, and an LS was sent to RAN2/3/4 [1]. The LS also lists some open issues of small cell on/off and discovery to reduce the transition time:
· How to support DRS-based RSRQ-like measurements

· 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

· Which other signal(s) the UE can assume are transmitted in addition to PSS for enhanced cell discovery

· Details of network assistance/information provided to UEs for performing enhanced cell discovery

· Other aspects related small cell on/off and discovery include RLM, DRX are FFS
In this contribution, we propose solutions to several of the open issues related to UE monitoring behavior with DRS configurations. We also describe the procedures utilizing DRS based on the proposed solutions. Other open issues are discussed in companion contributions, e.g., [2]
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[3][4].
2 UE monitoring behavior with DRS configurations

In this section, we analyze the following closely-related open issues regarding UE monitoring behavior with DRS configurations:

· Whether DRS can be transmitted when cell is on

· Under what condition(s) UE measurements are based on DRS, and/or CRS

· Whether cell On/Off states are explicitly informed to UE

A few guidelines/preferences play roles in determining the preferred solutions to the issues:
· UE shall be provided with necessary information to perform CRS-based RRM measurements and/or DRS-based RRM measurements without ambiguity. 
· To avoid high signaling overhead, network assistance signaling should not be needed too frequently. 
· If a serving cell is activated as a legacy carrier for a UE, the UE can assume that the cell’s CRS is transmitted as done in previous releases.
2.1 DRS transmissions with small cell on/off
Two alternatives are discussed regarding the DRS transmissions with small cell on/off:
· Alternative 1: DRS can be transmitted regardless of small cell on/off
Suppose that DRS can be transmitted regardless of small cell on/off. In this case, the UE with DRS configuration can perform DRS-based measurements as long as the DRS is configured, without knowing the on/off states of the cell.

Therefore, one can see that if DRS is transmitted regardless of small cell on/off, no additional signaling has to be sent to UEs to explicitly inform the on/off states of the cell. The network states can be transparent to UE.
· Alternative 2: DRS is transmitted in off-state only
Alternatively, suppose that DRS is not transmitted when a cell is on. In this case, the on-state does not allow DRS-based measurements while the off-state only allows DRS-based measurements. For a cell performing on/off, a signaling has to be transmitted to all UEs monitoring the DRS when the cell turns on. After the cell turns off, another signaling needs to be transmitted to UEs so that the UEs can resume the DRS-based measurements. The on/off states of all cells monitored by a UE, including both serving cells and neighbor cells, need to be informed to the UE. Thus, information of on/off states of neighbor cells needs to be exchanged among small cells over the backhaul connection. If frequent small cell on/off is performed, then frequent network assistance signaling and backhaul information exchange are needed.
From the above discussions, it can be seen that Alternative 1 is preferred for its reduced signaling overhead and simplified UE behavior. 
Observation 1: Alternative 1 (DRS can be transmitted regardless of small cell on/off) leads to reduced signaling overhead and simplified UE behavior when compared with Alternative 2 (DRS is transmitted in off-state only).

2.2 UE assumptions on DRS/CRS transmissions and corresponding network behavior

According to Alternative 1, DRS can be transmitted regardless of small cell on/off. A UE can assume that the DRS is available as long as the network configures the UE for DRS monitoring. The UE does not expect the network to transmit signaling to explicitly inform the on/off states of the cell.
A connected-mode UE may also need to monitor CRS of either a serving cell or a neighbor cell. 
· Serving cell cases:
The UE can assume that the cell is on and transmitting CRS if the cell is a Pcell (which is considered as always activated) or the cell is an activated Scell (based on activation signaling). When a Scell is deactivated for a UE, the UE may not be certain if the cell is on or off, so the UE should not make any assumption on the CRS transmission, unless the UE is configured for CRS-based RRM measurement reporting for the cell.
· Neighbor cell cases:
The UE can assume CRS is transmitted from a neighbor cell if the network configures the UE for CRS-based measurement reporting for the cell or applicable for the cell. To be consistent with the UE assumption, the network should not configure the UE to monitor CRS of a neighbor cell performing on/off.
Therefore, the following are proposed:

Proposal 1 (UE assumptions): UE can assume the following regarding DRS/CRS transmissions:

· DRS is transmitted if the UE is configured for DRS-based RRM measurement reporting.

· CRS is transmitted by a serving cell if 

· The network configures CRS-based (legacy) RRM measurement reporting for the cell; or

· The cell is an activated serving cell.

· CRS is transmitted by a neighbor cell if the network configures CRS-based (legacy) RRM measurement reporting applicable for the cell.

To be consistent with the UE assumptions, the network is expected to follow certain behavior regarding DRS/CRS transmissions and configurations.
Observation 2 (Network behavior): The network is expected to follow the following behavior to ensure consistency with UE assumptions:

· DRS can be transmitted regardless of small cell on/off.

· DRS/CRS is transmitted if network assistance signaling configures a UE for DRS-/CRS-based RRM measurement reporting, respectively.

· CRS is transmitted if the cell is an activated serving cell for a UE, as in the legacy carrier.

· The network should not configure a UE for CRS-based RRM measurement reporting of a neighbor cell performing on/off.
2.3 UE monitoring behavior
The UE monitoring behavior should be consistent with the UE assumptions on DRS/CRS transmissions as listed above in Proposal 1. A UE should not make any other assumptions on DRS/CRS transmissions.  
The purposes for a UE to monitor DRS include acquiring coarse synchronization and generating DRS-based RRM measurement reports. The purposes for a UE to monitor CRS include acquiring synchronization, generating CRS-based RRM measurement reports, and other purposes such as PDCCH decoding.

As the DRS- and CRS-based measurement reporting is configured by the network, it is feasible that the network configures UE measurements in a way such that the UE does not encounter any measurement issue when some cells are performing on/off switching. Therefore, regarding the question “Under what condition(s) UE measurements are based on DRS, and/or CRS”, from a UE perspective, the UE should comply with network configurations of DRS- and CRS-based measurements. One can see that there is no need to define UE monitoring behavior explicitly related to the on/off states of a cell.
Proposal 2 (UE monitoring behavior): UE performs the following monitoring behavior:
· UE shall perform DRS/CRS monitoring in accordance with network assistance signaling.
· UE can perform monitoring based on CRS of a cell if the cell is an activated serving cell (for synchronization, PDCCH decoding, etc.).
· UE shall not monitor CRS of a cell if the cell is a deactivated Scell without configured CRS-based RRM measurement reporting.

2.4 Conclusions on open issues regarding UE monitoring behavior with DRS configuration
Based on the above discussions, the open issues regarding UE monitoring behavior with DRS configuration are concluded as follows:

· Whether DRS can be transmitted when cell is on

· DRS can be transmitted regardless of small cell on/off.
· Under what condition(s) UE measurements are based on DRS, and/or CRS

· UE shall perform DRS and/or CRS monitoring in accordance with network assistance signaling.

· UE can perform monitoring based on CRS of a cell if the cell is an activated serving cell.
· Whether cell On/Off states are explicitly informed to UE

· No signaling will be defined to explicitly inform a UE whether a cell is on or off.
3 Procedures utilizing DRS
In the section, the system operations according to the above proposals are described. The following procedures may utilize DRS:

· Procedures involving the on/off of Pcell, i.e., HO procedures;

· Procedures involving the on/off of a serving cell but not a Pcell, i.e., Scell/SeNB addition/removal/activation/deactivation;

· Procedures involving a neighbor cell.
It will be seen that the system can operate efficiently and without any problems according to the proposals.

3.1 HO procedure
Figure 1 illustrates an example of a UE monitoring Cell 2 which may be performing on/off switching. In the figure, in Stage 2, the UE is handed over into Cell 2 based on RRM measurements using Cell 2 DRS obtained in Stage 1, and later in Stage 4 the UE is handed over out of Cell 2. The UE can monitor Cell 2 DRS throughout (if the Cell 2 DRS is configured for the UE), and the UE monitors Cell 2 CRS during Stage 3, i.e., after the connection with Cell 2 is established and before the connection is released. The UE is configured not to monitor Cell 2 CRS when it is not served by Cell 2, via legacy measurement configuration mechanisms (See Sec. 3.3 for more discussions).
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Figure 1 An example of UE monitoring behavior involving HO
The UE does not need to be aware of the on/off transitions of Cell 2 during Stages 1 and 5. Cell 2 may perform on/off when it is not a serving cell of the UE, but Cell 2 DRS transmissions are not affected and hence the UE’s measurements based on Cell 2 DRS are not affected by the on/off. 
During Stage 3 when it is the Pcell of the UE, Cell 2 is not allowed to turn off. The UE knows that Cell 2 is on and transmitting CRS. Cell 2 also transmits DRS in Stage 3 and UE can monitor both DRS and CRS.
Therefore, the HO procedure operates without any problem if a cell transmits DRS regardless of its on/off states and does not notify UE about its on/off states.
3.2 Procedures involving Scell/SeNB addition/removal/activation/deactivation
Figure 2 illustrates an example of a UE monitoring a Scell which may be performing on/off switching and transmit DRS. The case with a SeNB is similar. The UE is configured for DRS-based RRM measurement reporting. At Stage 1, a Scell is added. According to the specifications, the Scell remains deactivated until an activation signaling is received. The Scell may be deactivated later and finally removed. Once activated, the UE and Scell can follow legacy procedures and the UE monitors the Scell CRS. During the times when the Scell is not activated for the UE, the UE monitors only the Scell DRS (unless it is configured for CRS-based RRM measurement reporting for this cell).
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Figure 2 An example of UE monitoring behavior involving Scell. The UE is configured for DRS-based RRM measurement reporting
The UE does not need to be aware of the on/off transitions of the Scell. The Scell may be turned off when it is deactivated from its UEs (unless a UE is configured for CRS-based RRM measurement reporting for this cell), but the Scell DRS transmissions are not affected and hence the UE’s measurements based on the Scell DRS are not affected by the on/off. Whether to turn off the Scell is a decision to be made by the network and it does not need to be known by the UE. What the UE needs to be know are network assistance signaling and whether the Scell is activated or not for the UE to determine its monitoring behavior.
In summary, for procedures involving a Scell operating on/off, the on/off states can be transparent to the UE, and the UE can monitors CRS when the Scell is activated. These also hold true for the case with SeNB operation on/off.
3.3 Procedures involving a neighbor cell

The network can control of a UE’s neighbor cell CRS monitoring through legacy configuration mechanisms. If a neighbor cell may perform on/off switching, the network may prevent the UE from monitoring the cell’s CRS at least when the cell is turned off, by suitable measurement object configurations. However, to enable RRM measurements of a neighbor cell performing on/off, the network can configure a DRS-based measurement for the UE to monitor the cell’s DRS. The DRS is always transmitted, and the UE can always monitor the DRS as long as it is configured, regardless of whether the cell is on or off. 
To conclude this section, we have the following observation:

Observation 3: The system can operate efficiently and without any problems according to Proposals 1~2 for procedures utilizing DRS.

4 Conclusions
In this contribution, we discussed solutions for several open issues. The following are proposed and concluded:
Proposal 1 (UE assumptions): UE can assume the following regarding DRS/CRS transmissions:
· DRS is transmitted if the UE is configured for DRS-based RRM measurement reporting.
· CRS is transmitted by a serving cell if 

· The network configures CRS-based (legacy) RRM measurement reporting for the cell; or
· The cell is an activated serving cell.

· CRS is transmitted by a neighbor cell if the network configures CRS-based (legacy) RRM measurement reporting applicable for the cell.

Proposal 2 (UE monitoring behavior): UE performs the following monitoring behavior:
· UE shall perform DRS/CRS monitoring in accordance with network assistance signaling.
· UE can perform monitoring based on CRS of a cell if the cell is an activated serving cell (for synchronization, PDCCH decoding, etc.).
· UE shall not monitor CRS of a cell if the cell is a deactivated Scell without configured CRS-based RRM measurement reporting.
Conclusion: The open issues regarding UE monitoring behavior with DRS configuration are concluded as follows:

· Whether DRS can be transmitted when cell is on

· DRS can be transmitted regardless of small cell on/off.
· Under what condition(s) UE measurements are based on DRS, and/or CRS

· UE shall perform DRS and/or CRS monitoring in accordance with network assistance signaling.
· UE can perform monitoring based on CRS of a cell if the cell is an activated serving cell.
· Whether (and how) cell On/Off states are explicitly informed to UE
· No signaling will be defined to explicitly inform a UE whether a cell is on or off.
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