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1 Introduction
In RAN1#77 meeting and email discussions [77-09], some agreements are made on enhanced discovery procedure, which are captured as follows:

	Agreements:

· For both intra- and inter- frequency measurement, if a UE is configured with only DRS-based measurements reporting on a given carrier frequency, and UE is not configured with an activated serving cell on that carrier frequency, the UE shall (should) not assume the presence of any signal and channel except for DRS in the DMTC (DRS measurement timing configuration) duration
Agreements:

· 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
Agreements:

· No new measurement gap pattern is introduced for DRS-based measurement
Agreements [77-09]:

· For subframes (DL subframes and DwPTS region of subframe) within a DRS occasion indicated for possible DRS-based measurements, a UE can assume that at least CRS antenna port 0 for a cell is transmitted
· When UE is indicated with MBSFN subframe configuration or MBSFN related configuration, UE assumption of CRS transmission on MBSFN subframe is per Rel-8
· FFS whether there is a need to enhance signaling
· A UE may assume that all DL subframes and DwPTS region of subframe in a DRS occasion are available at least for CRS as DRS based measurements
· FFS whether number of subframes in a DRS occasion is to be fixed or configurable
· FFS on supporting other antenna port(s) and/or more REs/PRB
· FFS whether to indicate the number of CRS ports
· If, in addition, CSI-RS is configured as DRS
· For CSI-RS as DRS, at least single antenna port 15 with 2 REs per PRB of CSI-RS RE configuration is supported for CSI-RS based RSRP
· FFS whether to indicate the number of CSI-RS ports
· FFS on supporting other antenna port(s) and/or more REs/PRB
· In a DRS occasion, the relative subframe offset between SSS and one CSI-RS RE configuration (or equivalence) can be different for different CSI-RS RE configurations
· For each CSI-RS RE configuration in a DRS occasion, a UE can assume that the corresponding CSI-RS is transmitted in one subframe
· FFS on whether to allow more than one subframe
· Continue discussion on UE data rate matching on CSI-RS as DRS in RAN1#78
· Requirements on measurement bandwidth, periodicity, and duration of a DRS occasion should be discussed in RAN4



In this contribution, we further discuss RRM measurement procedures using discovery signals, based on the above agreements.

2 Assumptions on DRS deployment scenarios

In RAN4 ad-hoc meeting, RAN4 discussed a few potential questions to RAN1 as the following. 
1. whether RAN4 can assume  synchronization between cells/TPs on the same carrier and 
2. what is the maximum allowable time offset between DRS occasions of cells/TPs on the same carrier. 
3. whether DRS measurement timing configuration information provided by the network to the UE is common for all DRS frequency layers. 
4. If DRS measurement timing configuration information is not common for all DRS frequency layers, RAN4 would like to know how many different DRS measurement timing configurations can be allowed for a certain UE
Those questions are important to progress further on DRS design. As a UE can be configured with only one DMTC per frequency, to support efficient operation of DRS-based measurement, we consider that synchronization among cells/TPs is desirable. At least, for DRS-CSI-RS based measurements, to support efficient muting and coordination among TPs, we consider that synchronization should be assumed. For DRS-CRS, tight synchronization may not be easily assumed. However, at least, the network should coordinate and align DRS occasions to be aligned with DMTC configured to a UE. If this is considered, the maximum time offset between two different DRS occasions should be less than 1msec such that DRS occasion from a cell/TP can be aligned with DMTC as illustrated in Figure 1. Nonetheless, for an efficient operation, synchronized scenario can have higher priority over asynchronous scenario.
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Figure 1. Illustration of DRS measurement timing configuration.

For question 3, as agreed, separate DMTC configuration per frequency is feasible. Considering that the network needs to support UEs requiring measurement gap for inter-frequency measurement, it is however desirable to align DMTC configurations of different frequencies to be aligned with a measurement gap pattern. In terms of the maximum number, we do not see a strong reason not to support the maximum number of configurable measurement Objects (i.e., 32). 
3 DRS-based RRM measurement
3.1 DMTC and related configurations

In the current RRC specification [1], a UE can be configured with IE MeasObjectEUTRA, which includes a carrier frequency, the allowed measurement bandwidth, cell-ID list, NeighCellConfig, PresenceAntennaPort1, and so on. Considering the above RAN1 agreement that a UE can be configured with one DMTC per frequency, this DMTC can be accommodated in the existing MeasObjectEUTRA IE, which is also under RAN2 discussion. Since it is agreed in RAN1#77 meeting that candidate periodicity values for a DRS occasion are 40, 80, and 160, it is natural that the same period can be also used for DMTC periodicity.
DMTC duration

Regarding an additional issue on whether or not the duration information can be included in a DMTC, it would be beneficial to include such duration information in a DMTC so as to assist the UE for searching DRSs, which is illustrated in Figure 2. In other words, small cells on the same frequency need to be coordinated by proper network implementation to transmit their DRSs within the indicated duration if included in the DMTC, which can be interpreted for UE as DRS search window. Though it is currently under RAN4 evaluation, once DRS occasion duration is determined, to allow flexible network deployment, configurable DMTC duration can be considered. However, as a default value, we propose 5msec aligned with measurement gap duration.
Proposal 1. DMTC per frequency can optionally include duration information in addition to the period and offset information of DRS transmissions so as to assist the UE for searching DRSs. Default value for DMTC duration can be 5msec.
[image: image2.emf]Small cell 1

Small cell 2

Period: 80msec

Period: 80msec

Duration: 

3msec

Small cell 3

Period: 80msec

Search window for UE


Figure 2. Illustration of DRS measurement timing configuration.

Cell-ID list
One of potential use-case to consider a cell-ID list is to handle both legacy CRS and DRS based RRM in a same frequency. It is possible that a set of cells transmit DRS whereas the other cells may not transmit DRS as only a subset of cells performs ON/OFF in the same frequency. In such a case, legacy CRS based RRM needs to be considered. Overall, there exist two options regarding UE assumptions and measurement behaviours on an issue to handle legacy CRS based RRM in a frequency where DRS-based measurement is configured:
· Option 1: When DMTC is configured for a frequency, UE can assume that DRS-based measurement aligned with DMTC is sufficient. In other words, a UE does not know whether cells transmit DRS or legacy CRS explicitly, but it can assume measurement RS will be present in DMTC. 
· Option 2: When DMTC is configured for a frequency, UE can only perform DRS-based measurements for cells within the DMTC duration following the relevant configurations such as a cell-ID list, but legacy RRM measurements can also be performed which can be performed outside of DMTC if needed. How to perform legacy RRM measurements would be up to UE implementation. 
Option 1 has a merit in terms of UE complexity that the UE can perform both of legacy and DRS-based measurements within the indicated DMTC duration. Although this option seems to change the legacy RRM measurement behaviour, it can be a reasonable and proper UE assumption when we consider an inter-frequency measurement with corresponding gap configuration where the UE can only perform the legacy measurement within the gap length. In other words, if DMTC is configured for a frequency, similar to the existing gap configuration, it is beneficial in terms of UE complexity that the UE can perform not only for DRS-based measurements but also the legacy measurement within the DMTC duration. However, considering a case where cell ON/OFF is applied to only a subset of cells in a frequency (such as small cell scenario #1), this option may degrade mobility performance, particularly, if DMTC period is large such as 160msec. 
Option 2 only states DRS-based measurement behaviour which can only performed within the DMTC duration, and the legacy measurements are up to UE implementation.  To support this option, a UE needs to be informed which cells are operated with DRS and which cells are operated with legacy CRS. To address this, similar to eICIC restricted measurement subframe set, it would be beneficial to configure a cell-ID list for which DMTC is applied. For the cells included in the list, a UE can assume DRS will be transmitted according to DMTC configuration. For other cells not included in the list, a UE can assume legacy signals. This option however requires the list of neighbour cells of a specific UE known to the network in prior of discovery. As it is not easy to acquire the UE location and proximity, it is our view that the cell-ID list should not be mandated. In other words, when a UE is configured with DMTC in a frequency and thus it is configured to perform DRS-based measurement, if a cell-ID list for DRS-based measurement has not been provided, then UE can assume that DMTC can be applied to all cells in the frequency.

Proposal 2. When a UE is configured with DMTC for a frequency with a cell-ID list for which DMTC is applied, the UE can assume that other cells not belonging to the cell-ID list transmit legacy signals. If the cell-ID list is not provided, the UE can assume DMTC configuration is applicable to all cells in the frequency.
Number of antenna ports

The number of antenna ports per cell/frequency for DRS-CRS and/or for DRS-CSI-RS may also be included in a DRS configuration so that the UE can utilize this information to enhance the detection performance. If the number of DRS-CRS ports is indicated to 2 as an example, the UE can use both R0 and R1 ports. If the number of DRS-CRS ports is not indicated to a UE, some clarification is needed in terms of DRS-CRS transmission and UE behaviour. Following RSRP specification, a UE can utilize CRS port 0 and CRS port 1 if port 1 is reliably detected. If we follow the same definition for DRS-CRS based RSRP, it is necessary to assume that a cell uses CRS port 1 both in DRS-CRS and CRS transmitted in ON-state. Since DRS occasion can occur in ON-state, it is possible that a UE reads DRS-CRS transmitted in OFF-state and CRS transmitted in ON-state. Thus, if the cell uses CRS port 1 in ON-state, DRS-CRS should also utilize port 1 regardless of cell state to allow reliable UE detection on CRS port 1. If DRS-CRS and CRS in ON-state utilize CRS port 1 differently, UE may measure on R1 port for DRS-CRS as well in this case since the UE recognizes the existence of legacy CRS R1 port, which would result in a significant performance loss. Thus, to allow CRS port 0 only for DRS-CRS, RSRP needs to be limited to only DRS-CRS port 0 to avoid potential performance degradation. 

Proposal 3. Consider limiting RSRP utilizing only CRS port 0 for DRS-based measurements.

Enhancements on MBSFN indication signalling  

There was a short discussion on MBSFN indication signalling enhancements. Currently, the existing NeighCellConfig information indicates whether the UE can assume or not the same MBSFN subframe allocation as the PCell (or the serving cell on this frequency). When MBSFN subframe configuration is aligned, this signal is sufficient. However, this signal does not give any further information if the configurations are not aligned. As the UE is informed with timing of measurement, we can consider a short subframe bitmap applied to the DMTC duration regarding MBSFN subframe configuration. If a UE is configured with such short subframe bitmap applied to the DMTC duration, the UE can utilize this information to enhance the measurement performance based on DRS-CRS. 
Proposal 4. To enhance UE detection performance, consider enhancements of MBSFN configuration signaling.

3.2 Restricted RRM measurements

It needs to be clarified whether restricted measurements on DRS are also applied if a UE is configured with an indication of restricted RRM measurements, e.g., by an existing measSubframePatternNeigh. For example, we can consider a UE is configured with DMTC as well as measSubframePatternNeigh (included in MeasObjectEUTRA). In this case, it seems natural that the UE performs DRS-based measurements within the DMTC duration and the subframes indicated by the IE measSubframePatternNeigh for cells indicated by IE measSubframeCellList, accordingly.
Proposal 5. It needs to be clarified whether restricted measurements on DRS are also applied if a UE is configured with DMTC as well as an indication of existing restricted RRM measurement configurations.

3.3 Relationship between DMTC and a DRS occasion

According to the agreement captured in the first bullet in Section 1, if a UE is configured with DRS-based measurements only, the UE shall not assume DRS outside of DMTC unless a UE is configured with an activated serving cell in that frequency. Therefore, at least for inter-frequency measurements, a UE cannot assume any signal outside of DMTC. In the case of a UE configured with an activated serving cell, i.e., intra-frequency measurement cases, UE autonomous detection is not precluded. Even in that case, however, the network should not assume that a UE can do the autonomous detection, so that the UE requirements should also be considered with this assumption.
Regarding the relationship between DMTC and a DRS occasion, there is an agreement in RAN1#76b that UE can expect DRS in DRS measurement timing configuration (DMTC). This agreement does not have to be interpreted that a UE can always expect “DRS from a specific cell” every DMTC duration instance. In some network implementation, DRS may not be present in every DMTC from a specific cell. In this case, however, the network should provide the corresponding information on DRS occasion period for the cell to UE so that the UE can clearly recognize the actual DRS existences from the cell within the whole DMTC duration. For example, if DRS from a cell is transmitted in every 80msec where DMTC is configured as 40msec, a UE needs to be informed about the DRS occasion period for the cell as well, so that the UE can measure it properly. One possible use-case to consider different periodicity is to allow ICIC such as for TDD synchronization signals such that a group of cells transmit PSS/SSS in one DMTC instance whereas another group of cells transmit PSS/SSS in another DMTC instance. To support such a case, it is however sufficient to signal a period of DRS occasion with a set of cells for which the period is applied. 

Proposal 6. It needs to be further discussed that an optional configuration of DRS occasion can be signalled in addition to DMTC for supporting flexible operations.

If such explicit configuration of DRS occasion is not given, it needs to be clarified that the UE should be able to expect DRS in every DMTC instance. Otherwise, it would be difficult the UE properly performs the measurement to meet the performance requirements. From the performance and UE implementation perspective, it would not be desirable that DRS may be present or not in DMTC without such explicit indication to UE. 

Proposal 7. UE should be able to expect DRS in every DMTC instance unless it is indicated otherwise. 
3.4 DRS-CSI-RS based measurements

In terms of DRS-CSI-RS based measurements, the scenarios of DRS-CSI-RS based measurements need to be clarified in consideration of specification impacts and benefits. The major usecases of DRS-CSI-RS based measurements would be a shared cell ID scenario. In that case, hand-over or dual connectivity cannot utilize DRS-CSI-RS based measurement directly. Thus, DRS-CSI-RS based RSRQ may not be so essential. However, the network should be able to acquire DRS-CSI-RS based RSRQ from DRS-CSI-RS RSRP and DRS-CRS based RSRQ/RSRP when needed. In considering a shared cell ID scenario, it would be natural to consider that only a subset of cells in a frequency operates with the same cell ID rather than all cells in that frequency operate in the shared cell ID scenario. Thus,  a part of cells in a frequency can transmit DRS-CSI-RS, and other cells may not transmit DRS-CSI-RS. Considering this is a major use-case, it would be good to signal DRS-CSI-RS configurations associated with a cell-ID (i.e., per cell). Based on this understanding, it needs to be clarified that the measurement report procedure for DRS-CRS and that for DRS-CSI-RS are independent each other, so that any comparison between measurement results on DRS-CRS and DRS-CSI-RS is not necessary.. 
Proposal 8. Focus on shared cell ID scenarios for DRS-CSI-RS based measurements. 
Another clarification issue on DRS-CSI-RS configurations is the relationship between DRS-CSI-RS and the existing NZP CSI-RS configuration for CSI feedback (denoted by FB-CSI-RS in this contribution). These two kinds of configurations can be independently provided by RRC signalling with separated configuration IDs. Then, we can consider a case where Cell A in a frequency is now in ON-state and transmits both DRS-CSI-RS and FB-CSI-RS according to each configuration, and in a certain subframe the transmission instances of DRS-CSI-RS and FB-CSI-RS can happen to be overlapped. It should be guaranteed in this case that the transmission RE location for each RS type is not overlapped or sequence scrambling ID for each RS type should be the same in case when the RE location is overlapped. Summarizing, two possible options can be considered and need to be discussed for decision:
· Option 1: If any FB-CSI-RS RE and DRS-CSI-RS RE collide, UE can only expect the scrambling ID/OCC and power of two RS types are identical and antenna ports are QCLed.
· Option 2: Any DRS-CSI-RS configuration given to a UE (either by implicit or explicit) does not share any resource with any of configured FB-CSI-RS resources.
Option 1 allows configuration cases where any FB-CSI-RS RE and DRS-CSI-RS RE collide, but in this case there is a restriction that the transmitted FB-CSI-RS and DRS-CSI-RS on the colliding RE is the identical signal, so that the UE can measure it for both purposes of CSI feedback and discovery procedure. This option has a merit that the network can reuse such RE allocated for both FB-CSI-RS and DRS-CSI-RS transmissions with the same scrambling ID/OCC. An illustration for Option 1 is shown in Figure 3, where DRS-CSI-RS configuration has a restriction that it is a subset of a configured FB-CSI-RS configuration.
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Figure 3. Illustration of DRS-CSI-RS configuration.
Option 2 does not allow such cases where any FB-CSI-RS RE and DRS-CSI-RS RE collide, so that no other restrictions such as identical scrambling ID/OCC are needed, but it results in increased resource overhead for configuring both of the two types of RSs. Based on the above observations, we slightly prefer Option 1.
Proposal 9. UE assumptions need to be discussed and clarified on cases where any configured FB-CSI-RS RE and DRS-CSI-RS RE collide.

4 Conclusions

This contribution discusses needed network assistance information for DRS-based measurement and related UE behaviours and assumptions for RRM measurement procedures. Based on the discussion, some proposals are given as follows. 
· Proposal 1. DMTC per frequency can optionally include duration information in addition to the period and offset information of DRS transmissions so as to assist the UE for searching DRSs. Default value for DMTC duration can be 5msec.
· Proposal 2. When a UE is configured with DMTC for a frequency with a cell-ID list for which DMTC is applied, the UE can assume that other cells not belonging to the cell-ID list transmit legacy signals. If the cell-ID list is not provided, the UE can assume DMTC configuration is applicable to all cells in the frequency.
· Proposal 3. Consider limiting RSRP utilizing only CRS port 0 for DRS-based measurements.
· Proposal 4. To enhance UE detection performance, consider enhancements of MBSFN configuration signaling.
· Proposal 5. It needs to be clarified whether restricted measurements on DRS are also applied if a UE is configured with DMTC as well as an indication of existing restricted RRM measurement configurations.
· Proposal 6. It needs to be further discussed that an optional configuration of DRS occasion can be signalled in addition to DMTC for supporting flexible operations.
· Proposal 7. UE should be able to expect DRS in every DMTC instance unless it is indicated otherwise.
· Proposal 8. Focus on shared cell ID scenarios for DRS-CSI-RS based measurements.
· Proposal 9. UE assumptions need to be discussed and clarified on cases where any configured FB-CSI-RS RE and DRS-CSI-RS RE collide.
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