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1. Introduction
At the RAN1#77 meeting, the following agreements regarding the discovery signal-based RRM measurement procedures were reached [1]. 

· CRS-based RSRP measurements are supported, and CSI-RS –based RSRP measurements are supported

· UE may report DRS-based RSRP/RSRQ and associated PCID and information for TP identification

· RRM measurement configuration and reporting details are up to RAN2

· For the purpose of DRS based measurements, the UE shall only assume the presence of signals of the DRS

· 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

· 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

· No new measurement gap pattern is introduced for DRS-based measurement
In this contribution, we present our views on the remaining details regarding discovery signal-based RRM measurement procedures including the required network assistance signaling. Our views on the DRS design details for the Rel. 12 discovery are presented in our companion contribution [2]. 
2. DRS Measurement Timing Configuration Information and Relationship to Measurement Gap Configuration
It was agreed that the DRS measurement timing configuration (DMTC) information is per frequency. Generally, the intent of this agreement is so that a UE can be configured with multiple DMTCs and each DMTC can have different parameter values, e.g., for offset and periodicity. However, to allow such flexibility, the UE implementation and the RAN4 RRM requirement might be significantly impacted. For example, if the UE is configured with multiple DMTCs that have different periodicities for inter-frequency measurement, all DMTCs need to be aligned with the measurement gap configuration. Since the gaps are shared by multiple DMTCs with different periodicities in this case, the delay requirements regarding cell identification and measurement for a certain carrier may be different from other carriers due to the different periodicities. In the current specification, the delay requirements for inter-frequency cell identification and measurement are linear with respect to the number of inter-frequency carriers. On the other hand, if the UE is configured with multiple DMTCs that have a common periodicity, intra-frequency DMTC timing may collide with the measurement gap timing which is aligned with inter-frequency DMTC(s). In this case, some gap timings are utilized by the intra-frequency DRS measurement and hence the measurement opportunity for inter-frequency measurement may be decreased. This is not acceptable in terms of the impact on legacy inter-frequency measurement using the measurement gap. Considering the above problems and the remaining Rel. 12 timeframe, some restrictions on DMTC should be considered in Rel. 12 in order to simplify the RAN4 work and corresponding specifications.
Our proposed alternatives are described below.
Alternative 1: Only 1 DMTC per UE is allowed in Rel. 12

In this alternative, since a UE is configured with either intra-frequency DMTC or inter-frequency DMTC at the same time, the collision between the intra-frequency DMTC timing and the measurement gap timing can be avoided. This means that the measurement gap configuration is reconfigured when the DRS carrier is changed from the inter-frequency carrier to the intra-frequency carrier. In addition, in order to avoid common gap timing for all UEs in a cell, the actual DRS transmission on the DRS carrier can be doubled by NW implementation as shown in Fig. 1. As shown in this figure, for a certain UE, a subset of DRS occasion is configured as inter-frequency DMTC until the UE is connected to F1, and another subset of DRS occasion is configured as intra-frequency DMTC when the UE is connected to F1. The RRM requirement on inter-frequency DRS-based measurement should be simple in this alternative.
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Figure 1 – Example of UE measurement configurations in alternative 1
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Figure 2 – Examples of UE measurement configurations in alternative 2

Alternative 2: Multiple DMTCs that are configured to the UE have the same periodicity in Rel. 12.
Two examples in this alternative are shown in Fig. 2. As well as the case in Fig. 1, the actual DRS transmission on the DRS carrier should be doubled in order to have two configuration candidates: One is for intra-frequency measurement and the other is for inter-frequency measurement. Two configuration candidates can also be used by two UE groups having different gap configurations. In this alternative, since multiple DMTCs have the same periodicity, the RRM requirement regarding inter-frequency DRS-based measurement might be simple, i.e., the same delay requirement for multiple DRS carriers. 
Proposal 1: Some restrictions on DMTC should be considered in Rel. 12 in order to simplify the RAN4 work and corresponding specifications.
· Alt. 1: Only 1 DMTC per UE is allowed in Rel. 12.

· Alt. 2: Multiple DMTCs that are configured to the UE have the same periodicity in Rel. 12.

3. Procedures for CSI-RS Based Cell/TP Identification and Measurement

3.1.
Association between PSS/SSS and CSI-RS

As discussed in [2], the UE needs to know which detected timing derived by the PSS/SSS is associated with the CSI-RS configurations unless the UE can assume that all cells/TPs, i.e., all PSS/SSS, on the same carrier are synchronized. In terms of deployment/operation flexibility, we should consider the case in which there are some asynchronous cells/TPs, e.g., not transmitting DRS (CSI-RS), on the same carrier.
In order to inform UEs regarding the association between the PSS/SSS and CSI-RS that have the same synchronization timing, we propose supporting the signaling of a list of PCIDs and CSI-RS configuration IDs. By using this signaling, the UE can assume that the PSS/SSSs associated with the PCIDs in the list are synchronized with the CSI-RS configurations in the same list. Therefore, when the UE detects any of the PSS/SSSs in the list, the detected timing can be utilized to detect and measure all CSI-RS configurations in the same list. In addition, there is a possibility that cells/TPs within a cluster are synchronized but multiple clusters are not synchronized. So, a UE can be configured with multiple lists to distinguish multiple groups with different synchronization timings.
Proposal 2: A UE can be informed of one or multiple lists of PCIDs and CSI-RS configuration IDs.
· The UE can assume that the PSS/SSSs associated with the PCIDs in the list are synchronized with the CSI-RS configurations in the same list.
3.2.
CSI-RS based RSRQ

The support of CSI-RSRQ has been a controversial issue regarding the DRS-based measurement. Some companies argue that CSI-RSRQ is not necessary because the cell selection, e.g., handover, should be based on CRS-RSRP/RSRQ and CSI-RSRP is sufficient for TP selection. However, in some LTE networks, the reported RSRQ is used not only for cell selection but also for many other implementation-based solutions. In that sense, since the CRS-RSRQ and the CSI-RSRQ are totally different measurements in a shared cell ID case, either one may be beneficial for different purposes. Although CSI-RSRQ can be estimated using the reported CSI-RSRP and CRS-RSRP/RSRQ on the network side, the support of CSI-RSRQ is more straightforward and may not cause any significant problem or impact on the specifications or implementation.

Proposal 3: CSI-RSRQ should be supported.

3.3.
Configurability on CRS-based measurement when CSI-RS-based measurement is configured
This issue has been addressed in both RAN1 and RAN2 email discussions and it seems to also be a controversial point. In our view, separate configurability for CRS-based measurement and CSI-RS-based measurement is preferred. Allowing independent configuration of CRS-based and CSI-RS-based measurement reporting can provide operational flexibility. This approach should not cause any significant problem or impact on the specifications or implementation.
Proposal 4: Separate configurability for CRS-based measurement reporting and CSI-RS-based measurement reporting is preferred.

3.4.
CSI-RS based TP identification

To identify the surrounding TPs, a UE needs to detect the CSI-RS configurations from the received signal. Since the UE effort on the CSI-RS-based TP identification without any assistance/restriction, i.e., blind search for all possible CSI-RS configurations, would be unacceptable UE complexity, we should consider supporting assistance signaling and/or implicit indication of possible CSI-RS configurations based on, e.g., the PCID detected using the PSS/SSS. 

Explicit signaling can minimize the UE effort regarding CSI-RS detection. Although it requires NW effort to manage assistance information and increased signaling overhead, tight coordination between cells/TPs is required anyway for the CSI-RS based DRS measurement as described in Section 2. Therefore, such NW effort would not be a severe issue in the case of CSI-RS based DRS measurement. 

On the other hand, to achieve implicit indication of possible CSI-RS configurations, some restrictions would be needed and then the degree of operation flexibility may decrease. In addition, in a shared cell ID scenario, the PCID cannot be utilized for implicit indication of subframe offset and/or the resource configuration index of the CSI-RS configuration. Blind detection of all possible CSI-RS resource configurations and subframe offsets might be needed in such a case.

At least, explicit signaling of the CSI-RS configurations including scrambling IDs, subframe offsets, and resource configuration indexes should be supported for a tight coordination scenario. RAN1 can further consider a solution for implicit indication of candidate CSI-RS configurations if time allows.

Proposal 5: At least, explicit signaling of the CSI-RS configurations including scrambling IDs, subframe offsets and resource configuration indexes should be supported.

4. Other Assistance Information
4.1.
Measurement bandwidth
According to the RAN1/4 evaluation results on RSRP measurement so far, a wider measurement bandwidth can provide significant improvement in the measurement accuracy performance for both CRS-based and CSI-RS-based measurements [3]. In addition, since the periodicity of DRS-based measurement would be relatively long, the measurement accuracy within one or a few measurement samples should be sufficiently good in order to reduce the measurement reporting delay. Small cells for offloading purposes would have a wide system bandwidth, e.g., equal to or greater than 5 MHz. Therefore, we should consider a wide measurement bandwidth, i.e., more than 6 PRBs, for the intra-frequency and inter-frequency DRS-based measurements including both CRS-based and CSI-RS-based measurements. We propose supporting the signaling of the measurement bandwidth for the DRS-based measurement in a certain carrier. 
Proposal 6: The signaling of the measurement bandwidth for intra-frequency and inter-frequency DRS-based measurements should be supported.

4.2.
DRS duration
As argued in [2], the number of subframes for one DRS occasion should be configurable for both the CRS based and CSI-RS based DRS measurement. If the explicit signaling of CSI-RS configuration candidates is available, a UE can know the DRS duration from the subframe offset of each candidate CSI-RS configuration. However, if explicit signaling of the CSI-RS configuration candidates is not available, the UE needs to be informed of the DRS duration to limit the number of subframe(s) that require blind CSI-RS detection. 
Proposal 7: The signaling of the DRS duration should be supported.

4.3.
Summary on assistance information

Our proposals on assistance information for Rel. 12 discovery signal-based RRM measurement procedures are summarized below.
As assistance information applicable to cells/TPs for a certain frequency carrier, the parameters shown in Table I should be supported. As proposed in section 3.1, when the CSI-RS based DRS measurement is configured, a UE can be informed of one or multiple lists of PCIDs and CSI-RS configuration IDs. We call this list a synchronization list. Since the number of synchronization groups transmitting CSI-RSs may not be so many, e.g., within a macrocell region, up to three synchronization lists would be sufficient. Each synchronization list may include the set of PCIDs and CSI-RS configuration IDs as shown in Table II. In addition, the explicit signaling of CSI-RS configurations including scrambling IDs, subframe offsets and resource configuration indexes should be supported to lessen the UE effort on CSI-RS detection. In the current specifications, the maximum number of CSI-RS configurations using non-zero Tx power is three per UE. For the RRM measurement, the maximum number of CSI-RS configurations per UE should be extended, e.g., to 32 which is the same as the maximum number of entries in the cell list. Each CSI-RS configuration for DRS measurement can include the CSI-RS configuration ID, resource configuration index, subframe offset relative to SSS and scrambling ID as shown in Table III.
Table I. Proposed Parameters Possibly in MeasObjectEUTRA IE

	Parameter name
	Value range
	Default value
	Maximum size of the parameter

	DRS based RRM measurement with CRS
	0, 1
	0
	1

	DRS based RRM measurement with CSI-RS
	0, 1
	0
	1

	Periodicity of DMTC
	40, 80, 160
	N/A
	1

	Subframe offset of DMTC
	0, 1, … max DMTC periodicity
	N/A
	1

	Measurement bandwidth
	6, 15, 25, 50, 75, 100
	6
	1

	Duration of DRS occasion
	1, 2, 3, 4, 5
	N/A
	1

	Synchronization list ID
	0, 1, 2
	N/A
	3


Table II. Proposed Parameters Possibly in new SynchonizationList IE

	Parameter name
	Value range
	Default value
	Maximum size of the parameter

	Synchronization list ID
	0, 1, 2
	N/A
	1

	PCID
	0, 1, … 503
	N/A
	32

	CSI-RS configuration ID
	0, 1, … 32
	N/A
	32


Table III. Proposed Parameters Possibly in new DRS-CSI-RS-Config IE

	Parameter name
	Value range
	Default value
	Maximum size of the parameter

	CSI-RS configuration ID
	0, 1, … 32
	N/A
	1

	Resource configuration index
	0, 1, … 31
	N/A
	1

	Subframe offset relative to SSS
	{-3,-2,-1,0,1,2,3,4}
	N/A
	1

	Scrambling identity
	0, 1, … 503
	N/A
	1


5. Conclusion
In this contribution, we presented our views on the remaining details regarding the discovery signal-based RRM measurement procedures including the required network assistance signaling. Our proposals are summarized below.
Proposal 1: Some restrictions on DMTC should be considered in Rel. 12 in order to simplify the RAN4 work and corresponding specifications.
· Alt. 1: Only 1 DMTC per UE is allowed in Rel. 12.

· Alt. 2: Multiple DMTCs that are configured to the UE have the same periodicity in Rel. 12.

Proposal 2: A UE can be informed of one or multiple lists of PCIDs and CSI-RS configuration IDs.
· The UE can assume that the PSS/SSSs associated with the PCIDs in the list are synchronized with CSI-RS configurations in the same list.

Proposal 3: CSI-RSRQ should be supported.

Proposal 4: Separate configurability for CRS-based measurement reporting and CSI-RS-based measurement reporting is preferred.

Proposal 5: At least, explicit signaling of the CSI-RS configurations including scrambling IDs, subframe offsets and resource configuration indexes should be supported.

Proposal 6: The signaling of the measurement bandwidth for intra-frequency and inter-frequency DRS-based measurements should be supported.

Proposal 7: If the CSI-RS-based DRS measurement without explicit signaling of CSI-RS configuration information is allowed, the signaling of the DRS duration should be supported.
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