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1. Introduction
RRM requirements related to Small cell enhancements work item have been discussed in RAN4 since RAN4#71. So far the discussion has been focused on simulation work on discovery signal -based measurements and cell identification. In this contribution, the UE assumptions of discovery signal transmission and the related implications on small cell RRM requirements are discussed.
2. Time synchronization for discovery signal transmission
The introduction of discovery signal was motivated by the on/off functionality of small cells. Legacy measurements cannot be applied to that type of cells, as UEs cannot assume continuous transmission of CRS in all the measured cells.
In order to allow a UE to detect and measure small cells with on/off, the UE is configured with discovery signal measurement timing configuration (DMTC). With the information from DMTC, the UE can assume discovery signal transmission with a specific periodicity and offset. For activation/deactivation based small cell on/off, it is considered that one of the cells in the small cell layer is configured to the UE as SCell, while the PCell of the UE is not part of the small cell layer.

Related to DMTC and the timing relationship between UE’s PCell and SCell, the agreement from RAN1#77 states [1]:
•
A UE can be configured with one DRS measurement timing configuration (DMTC) per frequency

–
The reference timing for the offset is the primary serving cell’s timing

The agreement implies that the small cell layer, for which DMTC is configured, needs to maintain time synchronization to the UE’s PCell. Otherwise, in case of misalignment due to e.g. timing drift, the discovery signal transmission would not occur during the time instant signaled in the DMTC, and the UE would fail to detect/measure the small cells.
By a RAN1 decision, the duration of DMTC has been fixed to 6 ms, while the duration of a discovery signal occasion can be configured in the range of 1-5 ms [2]. Due to a discovery signal occasion being shorter than the DMTC duration, there is some room for timing differences between the small cell layer and the UE’s PCell, in the order of few milliseconds. However, for activation/deactivation based small cell on/off, the synchronization between UE’s PCell and SCell is considerably tighter, in the order of microseconds.
Observation 1: 
The small cell layer, for which DMTC is configured, needs to maintain time synchronization to the PCell of the UE.

Furthermore, as captured in an LS from RAN1 to RAN4 [3], it has been agreed in RAN1 on the DMTC signaling and discovery signal transmission:
•
UE can be configured with up to at least 4 different DRS measurement timing configurations (DMTC) across all frequencies for which the UE is configured to measure DRS.

•
On one carrier frequency, a UE can expect that all cells/TPs (that transmit DRS) transmit DRS in every measurement opportunity indicated by the DRS measurement timing configuration.

In order for each small cell to transmit discovery signal within the time instant signaled in the DMTC, the whole small cell layer needs to be time synchronized. Furthermore, if activation/deactivation based small cell on/off is utilized, each cell on the small cell layer is a candidate SCell for the UE, implying tight synchronization among the small cells, due to a common PCell. It should also be noted that even if a UE can be configured with up to 4 different DMTCs, multiple DMTCs cannot be configured for a single carrier frequency.
Observation 2: 
Cells in a small cell layer need to be time synchronized with each other, to allow simultaneous transmission of the discovery signals.
3. Deployment scenarios for discovery signal
One of the objectives of the Small cell enhancement work item was to study the feasibility of on/off transition time reduction in an activated SCell. However, RAN1 could not find consensus on a new L1 procedure for reduced transition time, and in carrier aggregation scenarios, small cell on/off is handled via activation/deactivation.

Activation/deactivation based small cell on/off cannot be applied in dual connectivity scenarios, as DUCO pSCells cannot be deactivated. Therefore, small cell on/off functionality in DUCO needs to be handled via deconfiguring the pSCell, before the cell can be turned off.
Compared to CA, asynchronous DUCO allows less strict timing synchronization between the PCell and the pSCell. However, due to the timing drift between the PCell and the pSCell in asynchronous DUCO, the timing requirement, as stated in Observation 1, cannot be reliably met. Therefore, it seems questionable, whether discovery signal can be used in asynchronous DUCO scenarios. Basically, to support discovery signal transmission in DUCO, a synchronous scenario is needed, for which the timing requirements are similar to that of CA; in the order of microseconds.
Observation 3: 
Activation/deactivation based small cell on/off cannot be applied in dual connectivity scenarios.

Observation 4: 
The feasibility of discovery signal transmission is questionable in asynchronous dual connectivity scenarios.
Observation 5: 
Discovery signal transmission is feasible in synchronous dual connectivity scenarios.
Based on the synchronization requirements imposed by the discovery signal design and on the scenario restrictions, we propose the following:

Proposal: 
RRM requirements for Release-12 Small cell enhancements should be developed under the assumption of synchronous network deployment. The level of timing synchronization should be derived from carrier aggregation scenarios.
4. Discovery signal with CSI-RS component
Related to CSI-RS based discovery signal measurements, the LS from RAN1 states [3]:

•
For RAN4 study, for defining performance requirement for CSI-RS based DRS measurements, synchronization between TPs (Note that VCID of a TP can be equal to PCID) on the same carrier can be assumed with a maximum allowable time offset between DRS occasions of cells/TPs smaller than the cyclic prefix length at the receiver side.

The LS states that transmission points, associated with a common physical cell ID, are time-synchronized at a level, smaller than the cyclic prefix length. Tight synchronization is required because UEs use the associated PSS/SSS/CRS for coarse timing reference. Due to the sparse CSI-RS pattern, CSI-RS based timing estimation range is limited, and the CSI-RS of a single TP cannot have a large time offset to the reference PSS/SSS/CRS. 

However, from the RAN1 LS, it is not fully clear whether every single transmission point on one carrier frequency needs to be synchronized at CP-level. At least, from timing estimation perspective it is not required, as the CSI-RS co-location assumption in confined within one PCID, i.e. a group of transmission points sharing the same physical cell ID. RAN1 could be asked for clarification on this aspect.
5. Conclusion 
In this contribution, the time synchronization requirements for discovery signal transmission have been discussed. Based on the design of discovery signal, the following observations can be made:
Observation 1: 
The small cell layer, for which DMTC is configured, needs to maintain time synchronization to the PCell of the UE.

Observation 2: 
Cells in a small cell layer need to be time synchronized with each other, to allow simultaneous transmission of the discovery signals.
Related to dual connectivity operation, it is observed:
Observation 3: 
Activation/deactivation based small cell on/off cannot be applied in dual connectivity scenarios.

Observation 4: 
The feasibility of discovery signal transmission is questionable in asynchronous dual connectivity scenarios.

Observation 5: 
Discovery signal transmission is feasible in synchronous dual connectivity scenarios.
As the time synchronization requirements of synchronous dual connectivity scenarios are similar to that of carrier aggregation scenarios, we propose:

Proposal: 
RRM requirements for Release-12 Small cell enhancements should be developed under the assumption of synchronous network deployment. The level of timing synchronization should be derived from carrier aggregation scenarios.
We ask the group to take the above observations and the proposal into account when designing the RRM requirements for Release-12 Small cell enhancements.
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