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1 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]In 3GPP RAN1#76b, the following agreements have been reached on the small cell discovery signal [1]:
· UE can be configured with at least one DRS measurement timing configuration per frequency
· DRS measurement timing configuration indicates when UE may perform cell detection and RRM measurement based on DRS
· UE can detect multiple cells based on a DRS measurement timing configuration on the frequency
· UE can expect DRS in DRS measurement timing configuration
· DRS measurement timing configuration includes at least period and offset and potentially duration
· The reference timing for the offset is a serving cell timing
· FFS: Which serving cell
· Rel. 12 discovery signal should identify transmission point
· Rel. 12 discovery signal should facilitate small cell on/off
[bookmark: OLE_LINK14][bookmark: OLE_LINK17]In this contribution, we discuss network assistance information regarding DRS transmission & measurement pattern, and DRS measurement gap configuration.
2 [bookmark: OLE_LINK5]Network assistance information
Network assistance information regarding DRS transmission pattern
DRS is designed for the following functions: RRM measurement, cell identification, TP identification, potentially new L1 procedure. Thus DRS transmission pattern and measurement pattern should be well designed for these purposes. Besides, network assistance information regarding transmission / measurement pattern is necessary for UEs to perform RRM measurement. 
DRS is transmitted at eNB side in order that UEs can discover available cells in the network, and choose the most suitable cell(s). DRS can be transmitted periodically or in low duty cycle burst. Examples are given in Fig1, Fig 1a is an illustration for periodical transmission, and Fig 1b is an illustration for burst transmission. In Fig 1a, DRS are transmitted every T ms, (T is the period of component elements of DRS); In Fig 1b, L DRS bursts are transmitted with period N*T, every burst contains M subframes carrying DRS.


Fig 1a:  illustration of periodical transmission of DRS


Fig 1b:  illustration of burst transmission of DRS

Further, cells can transmit DRS with same/different offsets from a reference cell chosen by the network. Reference cell might be current serving cell for UE, PCell in carrier aggregation scenario or PCell_SeNB in dual connectivity scenario. Other cells can transmit DRS with same offset to reduce the UE effort for handling the DRS, or transmit DRS with different offset to avoid interference. 
Besides the time domain information, frequency domain information (e.g. frequency resource allocated for DRS ) and possible sequence information should be informed to UEs.
Proposal 1: Network assistance information regarding DRS transmission should include:
· transmission type: periodical transmission or burst transmission
· in case of burst transmission
· period: N*T
· number of bursts in a period: L
· number of subframes in a burst: M
· offset of DRS transmission between cells:O
·  frequency domain information and possible sequence information
[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Network assistance information regarding DRS measurement pattern
[bookmark: OLE_LINK6][bookmark: OLE_LINK7]After the DRS transmission pattern is determined at eNB sides, UE can detect and measure the DRS transmitted by Cells. So UEs are more interested in measurement patterns.  Measurement pattern at UE side might include patterns for measuring DRS sent from one or more cells. Obviously, measurement pattern with which UE measures a cell should be a subset of transmission pattern with which the corresponding eNB transmits DRS. For example, if a cell transmits L DRS burst with period N*T, every burst contains M subframes carrying DRS. Then naturally, a UE can measure L1 (L1≤L) burst and measure M1 (M1≤M) subframes in each burst. Measurement result can be output after several transmission periods, e.g. UE can report measurement result every S*N*T. The offset of the first measurement subframe from the first transmit subframe is also needed.
There can be several UEs measuring a common cell. It is well known that UE have to stop any UL/DL transmission when measuring a cell working at another frequency. If a lot of UEs stop UL/DL transmission at the same time, the spectral efficiency might drop dramatically. So it is preferred that UEs should use different measurement pattern for measuring different cells in inter-frequency measurement case. Conversely, UEs need not suspend any UL/DL transmission when performing intra-frequency measurement, thus UEs can share a measurement pattern for simplicity. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13][bookmark: OLE_LINK10][bookmark: OLE_LINK11]Proposal 2: Network assistance information regarding DRS measurement pattern should include:
· report period: S*N*T
· number of measurement bursts in a period: L1 (L1≤L)
· number of measurement subframes in a burst: M1 (M1≤M)
· offset of the first measurement subframe: O1

Proposal 3: DRS measurement pattern can be configured as UE-specific
3 Measurement gap configuration
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]DRS based RRM measurement should be performed regardless whether the measured is in on state or in off state. When the small cell is in off state, RRM measurement using DRS provides the opportunity for UE to acquire the channel state before the small cell is turned ON and hence makes early data transmission possible. When the small cell is in on state, since CRS based RRM measurement might not fulfil the detection and measurement requirement especially in dense deployed scenario, thus DRS-based measurement should also be performed for reliably detecting and measuring more cells. In this way, the consistency of DRS-based measurement when small cell is in on-state and off-state can also be kept. Thus measurement gap configuration for DRS measurement should consider the small cell on/off operation.
The measurement gap configuration includes the duration of measurement gap and measurement gap cycle. As to the duration of measurement gap, we believe 6ms would be enough for DRS measurement considering it’s long enough to cover all possible DRS patterns. The measurement gap cycle relies on the RRM measurement performance requirement. Since DRS measurement is required to be reliable in dense deployed scenario, we believe that the performance of DRS based measurement should be comparable to CRS based measurement. Accordingly, the measurement gap cycle for DRS should be comparable to the measurement gap cycle for CRS. Besides, DRS can be transmitted with long period for the purpose of power-saving and interference-avoidance. So UE can be configured with DRS-based measurement gap configuration beside the legacy CRS-based measurement gap configuration. DRS-based measurement gap can be legacy pattern or legacy compatible pattern, i.e. DRS-based measurement gap should be subset of legacy measurement gap.
Proposal 4: UE can be configured with DRS-based measurement gap configuration beside the legacy CRS-based measurement gap configuration.
· DRS-based measurement gap can be legacy pattern or legacy compatible pattern, i.e. DRS-based measurement gap should be subset of legacy measurement gap.
4 RRM measurement per Cell/TP
A Transmission Point (TP) is a cell with a distinct PCID in small cell ON/OFF operation [3]. It is agreed that DRS should support TP on/off. Thus DRS should be used for TP identification and RRM measurement per TP. Candidates for DRS besides PSS/SSS includes CRS, CSI-RS, both CRS and CSI-RS. 
If only CRS is present, considering the CRS is a per-cell RS, it is difficult to distinguish TPID only based on CRS. Accordingly, RRM measurement per TP can’t be performed based on CRS. Thus it can only support the non-shared cell ID scenario. In that case, RRM measurement can be performed for each cell.
If only CSI-RS is present, even in shared cell ID scenario, it can carry the TP identification information. As CSI-RS can be configured per TP, thus the RRM measurement can be carried for each TP. Further, if RRM measurement per cell and per TP are needed simultaneously, different CSI-RS configuration can be used. 
If both CRS and CSI-RS are present, the TP identification information is carried by CSI-RS. Since CRS-based RRM measurement has better performance due to more REs is used, the RRM measurement per cell can be based on CRS. While the RRM measurement per TP can be based on CSI-RS configured for each TP.
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Therefore, to support RRM measurement per TP in shared cell ID scenario, CSI-RS must exist with or without CRS. If CRS exist, it can be used for RRM measurement per cell. Thus network assistance information regarding which RS is used for RRM measurement is needed at the UE side.
Proposal 5: In shared cell ID scenario, CSI-RS must exist for RRM measurement per TP.
Proposal 6: Network assistance information is needed to indicate UE to perform RRM measurement based on CRS or CSI-RS.
5 Conclusion 
In this contribution, we discuss network assistance information regarding DRS transmission & measurement pattern, DRS measurement gap configuration, and have the following proposals:
Proposal 1: Network assistance information regarding DRS transmission should include:
· transmission type: periodical transmission or burst transmission
· in case of burst transmission
· period: N*T
· number of bursts in a period: L
· number of subframes in a burst: M
· offset of DRS transmission between cells: O
·  frequency domain information and possible sequence information

Proposal 2: Network assistance information regarding DRS measurement pattern should include:
· report period: S*N*T
· number of measurement bursts in a period: L1 (L1≤L)
· number of measurement subframes in a burst: M1 (M1≤M)
· offset of the first measurement subframe: O1

Proposal 3: DRS measurement pattern can be configured as UE-specific

Proposal 4: UE can be configured with DRS-based measurement gap configuration beside the legacy CRS-based measurement gap configuration.
· DRS-based measurement gap can be legacy pattern or legacy compatible pattern, i.e. DRS-based measurement gap should be subset of legacy measurement gap.

Proposal 5: In shared cell ID scenario, CSI-RS must exist for RRM measurement per TP.
Proposal 6: Network assistance information is needed to indicate UE to perform RRM measurement based on CRS or CSI-RS.
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