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1 Introduction

In the previous RAN1 #77 meeting, the major principles for the design of discovery RS have been agreed. 
· UE assumes PSS/SSS/CRS in the DRS

· Additionally CSI-RS is assumed in the DRS for measurement if configured by higher layers

· CRS-based RSRP measurements are supported, and CSI-RS –based RSRP measurements are supported
Yet it is still not clear how the assistance signaling for DRS should be defined. In this contribution we discuss the details regarding assistance signaling for DRS.
2 Assistance signaling informing the timing of DRS
As DRS is transmitted with relatively long periodicity, it is essential for the network to inform a UE of the timing for DRS transmission. It was agreed that a DRS measurement timing configuration (DMTC) is configured for a UE per carrier, and it includes at least period and offset and potentially duration. It was first agreed that the reference timing for the offset is a serving cell timing, and later that the reference timing for the offset is the primary serving cell’s timing. The configurations regarding DMTC should be included in the assistance signaling.
DMTC indicates a set of subframes where DRS transmitted by neighbor small cells may be detected. The DMTC is defined by the subframe offset between DMTC and the subframe on the UE’s PCell, i.e. 
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. In addition, the period of DMTC should also be informed to the UE. 

For a UE which performs inter-frequency small cell discovery, a gap pattern may also be configured per carrier. In this case the UE can only take measurements inside the gaps. Thus it is important to align the configurations of DMTC and gap so that a UE can fully exploit all DRS subframes for measurement. Nevertheless, it may be left as an implementation issue.
For the duration of a DRS occasion, it was agreed in the previous RAN1 meeting that,
· A DRS occasion for a cell comprises N consecutive subframes (N <= 5)

Depending on the definition of RSSI for DRS measurement, it may be beneficial that the duration of a DRS occasion be configurable and indicated by the assistance signaling. This is discussed in detail in a companion contribution [1]. The duration of a DRS occasion may also depend on FDD and TDD operation, and on the DL/UL subframe configuration in TDD. For CSI-RS based measurements, the network can have the flexibility to adjust the DRS occasion duration based on the needed reuse factor.
Proposal 1: In addition to the period and offset of the DRS measurement timing information, assistance signaling should also indicate the duration of the DRS occasion.
· The DRS occasion duration is common to all cells on one carrier frequency. The DRS occasion duration is configurable in {1,2,3,4,5} ms.
3 Assistance signaling concerning CSI-RS
It was agreed in RAN1 that a DRS occasion includes PSS/SSS and CRS. CSI-RS is also transmitted in the DRS occasion if configured by higher layers and CSI-RS based RRM measurement is also supported. CSI-RS as DRS may also be used for TP identification. Different TP may be distinguished by different configurations of CSI-RS. It is proposed that,
Proposal 2: TP identification is performed by a combination of CSI-RS scrambling ID, CSI-RS RE configuration and CSI-RS subframe offset. If antenna port 16 can also be used for transmitting CSI-RS in the DRS, then TP identification can also be provided by antenna port 15 or 16.

In addition, the simulation assumptions for CSI-RS as DRS based TP identification was agreed in the RAN4 Adhoc meeting [5]. Specifically, RAN4 assumes that CSI-RS blind detections would only be performed within a subset of CSI-RS configurations. Therefore a remaining issue for RAN1 is to determine how to let a UE obtain the information of the subset of CSI-RS configurations. Generally, there are two options which are discussed below: 
Option 1: The information of the subset of CSI-RS configurations is conveyed in the dedicated RRC signaling. 
The signaling contains CSI-RS RE configuration, scrambling code, subframe offset to SSS and may also contain orthogonal cover code. Using explicit signaling of all CSI-RS parameters used for TP identification, full flexibility for informing each CSI-RS configuration can be achieved. For example, each CSI-RS RE configuration can be configured with different scrambling codes. Different numbers of REs for each CSI-RS RE configuration can also be configured, e.g. if two-RE and eight-RE patterns are both introduced. The benefit of explicit signaling is to avoid a UE blindly detecting CSI-RS configurations, which would reduce UE power consumption and increase detection delay. If all CSI-RS parameters are explicitly signaled, there is no need for TP identification. The UE can directly measure RSRP/RSRQ based on CSI-RS, and report the TP ID with the report of the corresponding CSI-RS based RSRP/RSRQ.
Option 2: Implicit linkage among PCIDs and CSI-RS configurations is defined. 

Explicit signaling of each CSI-RS configuration may not always be possible. For example, the serving eNB may not exactly know the specific location of a UE, so it is hard to explicitly assist the UE with the CSI-RS configurations of its neighboring TPs. In this way, the UE has to detect the CSI-RS configurations automatically. Before detecting the CSI-RS, the UE should detect the PSS/SSS and get the related PCID. Therefore, implicit linkage among PCIDs and CSI-RS configurations can be defined. Then the UE would detect the CSI-RS configuration based on the detected PCID. 
Which information in the CSI-RS configuration could be linked with the PCID should consider the deployment flexibility of CSI-RS configurations and the complexity for UE blind detections. To maximize the flexibility, one PCID is linked with a subset of CSI-RS configurations including multiple scrambling codes, multiple CSI-RS RE configurations and multiple subframe offsets to SSS. On the other hand, in order to reduce UE complexity, it may be simpler to perform hypothesis testing on a given scrambling code, which would allow low complexity detection of subframe offsets and CSI-RS RE configurations. That is to say that the subset of CSI-RS configurations use a common scrambling code determined by its related PCID, and the UE only needs to blindly detect different CSI-RS RE configurations and subframe offsets. The mapping rule between the PCIDs and CSI-RS configurations can use modulo calculation. For example, one mapping rule can be that (PCID mod N)*M + i, where i is from 0 to M-1, and N is total number of patterns including CSI-RS RE configurations and subframe offsets, and M is the number of patterns linking to one PCID. Or N could be the total patterns only including CSI-RS RE configurations, and all the subframe offsets should be blindly detected for each PCID. 
Proposal 3: 

- If UE complexity for blindly detecting a subset of CSI-RS configurations is strongly concerned, explicit signaling of each CSI-RS configuration in the subset of CSI-RS configurations is preferred. 

- Implicit linkage between PCIDs and CSI-RS configurations should be considered if explicit signaling is not always valid or a limited number of blind detections of CSI-RS configurations can be acceptable. 

4 Additional assistance information for energy-efficient RRM measurement
In addition to what was discussed in Sec. 2, DRS measurement timing configuration (DMTC) may provide additional timing information to improve energy-efficiency DRS-based RRM measurements at the UE. 
In certain scenarios, e.g. when the UE has low battery level or when the UE has already detected one or more strong cells, it may be beneficial to enable the UE to monitor only certain small cells operating in discontinuous transmission (DTX) mode and for a limited time. To that end, the UE may be provided with network assistance indicating a starting time and for how long the UE should monitor a particular small cell (or group of small cells) operating in DTX mode. For instance, it may be beneficial to configure the UE to monitor a cell operating in DTX mode shortly prior to the cell reactivation. It may further be beneficial to configure a UE to monitor small cells operating in DTX mode for a time window W that depends on the time-frequency characteristics of the discovery signals to be monitored. Therefore, the network may configure UE to monitor different small cell nodes at different time and for different amount of time. To this end, the DMTC may further carry a set 
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 of possible DRS-based monitoring windows, while a L1-signaling may be used to configure the UE with most appropriate value Wm for monitoring DRS transmitted by a particular small cell (or group of small cells) and to implicitly trigger the monitoring operation for that cell (or group of cells), as proposed in [2]. 
In some scenarios, it may further be beneficial to provide the UE with network assistance related to timing information associated to the OFF-to-ON switching time of a small cell to be monitored. In other words, the network may indicate to the UE roughly when a dormant small cell is expected to transit from “OFF” to “ON” state, or vice versa. To this end, the DRS measurement timing configuration may comprise a set 
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 of potential residual duration of a dormant state, while an L1-signaling could be used to dynamically indicate one value Ti of the estimated residual time in dormant state associated to the small cells to be monitored. With this information, the UE may autonomously and timely detect the small cells, perform the associated discovery signal measurement and report, thereby enabling an energy-efficient small cell discovery. 

Finally, the energy-efficiency of the Rel-12 small cell discovery mechanism and the associated RRM measurement of DRS may be further improved by accounting for the UE’s energy status or the UE preference for energy-savings over performance when configuring the UE for small cell discovery. For instance, as the Rel-12 discovery procedure shall be configured only for RRC-CONNECTED UEs [3], a UE with medium-low battery may benefit from more sporadic or shorter measurements of discovery signals when the serving cell already provides a sufficiently good service. 

To this end, existing Rel.-11 procedures already allow to configure the UE to provide UE assistance information [4] to inform the network of the UE’s power saving preference. With this information, the network could configured the UE with the most appropriate set of parameters for small cell discovery (e.g., duration of RRM measurements) that assures a good compromise between the performance of the small cell discovery (e.g., sufficiently high detection probability) and the power savings at the UE.
Proposal 4: 

Additional timing information related to small cell detection and RRM measurement may include:

· Starting time and for how long a UE should monitor a particular small cell or group of small cells;

· Timing information associated with the OFF-to-ON switching time of small cells to be monitored.

Additionally, to improve energy-efficiency of the small cell discovery and RRM measurements, it would be beneficial to configure the UE to monitor small cell operating in DTX mode based on its energy status.
5 Other assistance signaling
A UE can rely on PSS/SSS for coarse synchronization to the downlink signals transmitted within a cluster of coordinated small cells operating with on/off. This enables coarse synchronization to the CSI-RS part of the DRS in accordance to a quasi co-location assumption between the PSS/SSS antenna port and the CSI-RS antenna port(s) with respective to average delay and Doppler shift.

If information of the CSI-RS configurations is conveyed in the dedicated RRC signaling to a UE, then the QCL relationship between each CSI-RS configuration and the PSS/SSS can be directly informed to the UE. 
On the other hand, as discussed in section 3, explicit signaling of each CSI-RS configuration may not always be possible. In this case, some predefined principles can be used to reduce the detection complexity. Continuing our example of section 3, after obtaining PCID, a UE can narrow down the transmission of CSI-RS to M possible candidate configurations, i.e., (PCID mod N)*M + i, where i is from 0 to M-1, and N is total number of possible combinations of VCID, RE configuration, subframe offset, etc., and M is the number of combinations linking to one PCID. When the UE performs CSI-RS based TP detection or measurement over these candidate configurations, it shall assume QCL between the detected PSS/SSS corresponding to the PCID and candidate CSI-RS.
Proposal 5: If CSI-RS configuration information is provided by assistance signaling, then the network can inform the UE about the QCL between each CSI-RS configuration and corresponding PSS/SSS. If only implicit linkage between PCIDs and candidate CSI-RS configurations is defined, then UE detects the CSI-RS part assuming QCL between the candidate CSI-RS and the detected PSS/SSS. UE may assume QCL between CSI-RS and PSS/SSS with respect to average delay and Doppler shift.
For legacy neighbor cell detection and measurements, i.e. not based on DRS, higher layer may inform RRC signaling MeasObjectEUTRA to each UE. A list of potential cells can be added for a UE. This information can allow improving the detection probability, and it can also decrease the UE implementation complexity. It is preferred that a similar signaling is also possible for DRS.

Proposal 6: A list of the IDs of neighbor cells per frequency can be included in the assistance signaling.

Besides frequency information, neighbor cell id list, it also include the following information

· allowedMeasBandwidth: indicate the bandwidth used for RRM measurements

· presenceAntennaPort1: indicate whether all the neighbouring cells use Antenna Port 1
· neighCellConfig : MBSFN and TDD DL/UL configurations of neighbor cells. 
It has not been decided yet whether the measurement bandwidth based on DRS can be configurable or if the CRS in DRS can be transmitted with more than one antenna port. If agreed, these parameters would also be needed in the assistance signaling for DRS. 

If a UE is configured with DRS based neighbor cell detection, its serving cell may not need to send the MeasObjectEUTRA. Therefore it is preferred to also include MBSFN and TDD DL/UL configurations in the DRS assistance signaling. It may reuse the same neighCellConfig as in MeasObjectEUTRA.
6 Summary
In this contribution, we discussed the necessity to include various parameters into the assistance signaling. 
Proposal 1: In addition to the period and offset of the DRS measurement timing information, assistance signaling should also indicate the duration of the DRS occasion.
· The DRS occasion duration is common to all cells on one carrier frequency. The DRS occasion duration is configurable in {1,2,3,4,5} ms.
Proposal 2: TP identification is performed by a combination of CSI-RS scrambling ID, CSI-RS RE configuration and CSI-RS subframe offset. If antenna port 16 can also be used for transmitting CSI-RS in the DRS, then TP identification can also be provided by antenna port 15 or 16.
Proposal 3: 

- If UE complexity for blindly detecting a subset of CSI-RS configurations is strongly concerned, explicit signaling of each CSI-RS configuration in the subset of CSI-RS configurations is preferred. 

- Implicit linkage between PCIDs and CSI-RS configurations should be considered if explicit signaling is not always valid or a limited number of blind detections of CSI-RS configurations can be acceptable. 
Proposal 4: 

Additional timing information related to small cell detection and RRM measurement may include:

· Starting time and for how long a UE should monitor a particular small cell or group of small cells;

· Timing information associated with the OFF-to-ON switching time of small cells to be monitored.
Additionally, to improve energy-efficiency of the small cell discovery and RRM measurements, it would be beneficial to configure the UE to monitor small cell operating in DTX mode based on its energy status.
Proposal 5: If CSI-RS configuration information is provided by assistance signaling, then the network can inform the UE about the QCL between each CSI-RS configuration and corresponding PSS/SSS. If only implicit linkage between PCIDs and candidate CSI-RS configurations is defined, then UE detects the CSI-RS part assuming QCL between the candidate CSI-RS and the detected PSS/SSS. UE may assume QCL between CSI-RS and PSS/SSS with respect to average delay and Doppler shift.
Proposal 6: A list of the IDs of neighbor cells per frequency can be included in the assistance signaling.
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