3GPP TSG RAN WG1 Meeting #88bis

R1-1705713
Spokane, USA, 3rd - 7th April 2017
Source:
NTT DOCOMO, INC.

Title:
Discussion on CSI-RS configuration for NR RRM measurement in CONNECTED mode
Agenda Item:
8.1.1.5
Document for: 
Discussion and Decision
1. Introduction

At the last RAN1 meeting, RS used for NR DL based RRM measurement was discussed and RAN1 made following agreements [1].

	Agreements:

· At least NR secondary synchronization signal (NR-SSS) is used for DL based RRM measurement for L3 mobility in IDLE mode 
· FFS in IDLE mode potentially additional use of DM-RS for PBCH (if defined) for measurement
· FFS whether or not the NR-SSS alone will satisfy the requirements for RRM measurement 
Agreements:
· For CONNECTED mode RRM measurement for L3 mobility, CSI-RS can be used, in addition to IDLE mode RS
· Note that RAN1 will consider configuration overhead and possible inter-gNB signaling overhead

· Detection of neighbor cell for measurement is based on NR-SS 


At the last RAN2 meeting, measurement and mobility in CONNECTED mode were discussed and following agreements were made [2].

	1
An RRC_CONNECTED UE should be able to perform RRM measurements on always on IDLE RS (e.g. synchronization signal). 
2
An RRC_CONNECTED UEs should be able to perform RRM measurements on additional RS (e.g. CSI-RS, MRS, etc.).
3
Network should be able to configure RRM measurements via dedicated signalling to be performed on additional RS and/or IDLE RS 
Above agreements 2 and 3 are based on the assumption that RAN1 will define additional RS or connected mobility purposes which is not yet concluded in RAN1. 


At previous RAN2#95 meeting, following agreements related to no-UE specific RS for measurement and corresponding configuration were made [3].

	RAN2 preference:
1
In connected active we are able to use non-UE specific RS for measurements (UE may not need to be aware whether the RS is UE-specific or non-UE specific)
2
The non-UE specific RS can be found by the UE without much configuration
3
The non-UE specific RS encodes an identity
FFS1
Is RS in connected the same as "xSS"
FFS2 
What does the non-UE specific RS identify? e.g. Cell, beam, TRP, zone, or something else.
FFS3
Does the UE have to be able to somehow identify a grouping from this identity
These agreements are not intended to preclude uplink based mobility
Final decision whether to introduce non-UE specific RS design is RAN1 responsibility 


In this contribution, we discuss the CSI-RS design and configuration for RRM measurement in CONNECTED mode. Different mapping/multiplexing structures for multiple TX beams are considered.
2. Discussion on CSI-RS configuration
In LTE, CSI-RS based RSRP measurement has been supported from Rel-12. The configuration for discovery signal-based measurement includes discovery signals measurement timing configuration (DMTC) and the duration of discovery signal occasion for the frequency. In addition, CSI-RS configurations are also signaled, including CSI-RS-ID, physical cell ID, scrambling ID, resource configuration, subframe offset, and CSI-RS individual offset. Up to 96 CSI-RS configurations can be signaled in a measurement object. In NR, similar configuration framework can be considered for CSI-RS based RRM measurement. However, it may be too much configuration if UE-specific explicit configuration signaling for each CSI-RS configuration is applied for CSI-RS based RRM measurement. RAN2 also prefers that the RS used for RRM measurement can be found by the UE without much configuration. Therefore, we would like to enable CSI-RS based RRM measurement without requiring too much configuration signalling. In addition to configuration overhead, the reporting overhead and UE complexity for CSI-RS based measurement should also be considered and minimized.
Proposal 1:
· Strive for minimizing configuration overhead, reporting overhead and UE complexity for CSI-RS based RRM measurement
Different from IDLE mode RS such as NR-SS, CSI-RS for RRM measurement can be turn on and off. But once a CONNECTED UE is configured with CSI-RS based RRM measurement, the UE may need to monitor CSI-RS at least for a while in order to identify appropriate TRxPs or beams for UE mobility handling. Therefore, at least periodic CSI-RS transmission for RRM measurement can be supported in order to simplify UE assumption/behavior for CSI-RS based RRM measurement. In multi-beam scenario, CSI-RS for RRM may be used to measure individual beam or TRxP especially when IDLE mode RS cannot be used for such purpose. Then, CSI-RS for different beams or TRxPs should be able to be distinguished via some parameter(s), e.g., antenna port (e.g., OCC), CSI-RS resource configuration (e.g., time/frequency resource location), scrambling ID, etc. 
A general configuration method like following can be considered.
· NR supports common resource configuration for CSI-RS based RRM measurement
· UE performs RRM measurement based on common resource configuration information and reports measured results (e.g., RSRP) of the best N detected CSI-RS resources and associated information, which could identify individual beam or TRxP
The common resource configuration for CSI-RS based RRM measurement contains at least one of the following information: CSI-RS resource set (e.g., time/frequency resource pool), periodicity of resource set, time offset of resource set, antenna port assumption (e.g., number of CSI-RS antenna ports used in the resource set), etc. The common resource configuration for CSI-RS can be per frequency or per cell or per TRP/beam (group). In UE reporting, the associated information could be the index of CSI-RS resource configuration, antenna port index, cell ID/scrambling ID, etc.
Since NR may support different mapping/multiplexing structures of CSI-RS for different antenna configurations and beamforming schemes, the above configuration method may be applicable for different cases in different ways.

Case 1
In Case 1, for example, multiple CSI-RS on different beams are transmitted within a RB by using different CSI-RS resource and/or antenna port, which can be realized by digital/hybrid beamforming. In this case, gNB configures common resource configuration for CSI-RS based RRM measurement via higher layer signalling. UE assumes the detected cell ID, which is based on NR-SS, as scrambling ID of CSI-RS for measurement so that UE can autonomously derive scrambling ID of CSI-RS to be measured. UE tries to measure all possible CSI-RS resources within the configured CSI-RS resource set (time/frequency resource pool), and reports the best N RRM measurement results with associated CSI-RS configuration index, antenna port index, and cell ID. Fig. 1 shows an example of common resource configuration and CSI-RS resource mapping in Case 1. The CSI-RS resource configuration index and antenna port index are used to distinguish a beam within a cell. In the example, UE will try to measure 12*2 beams for a detected cell. 
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Figure 1 An example of CSI-RS resource configuration in Case 1
However, the reporting overhead may be too large if UE needs to report CSI-RS configuration index, antenna port index, and cell ID for each of N results. To reduce the reporting overhead, gNB can also configure the CSI-RS-ID for associated information via higher larger signaling, e.g., for the combination set of CSI-RS resource configuration index, antenna port index, and cell ID. UE measures all CSI-RS resources associated with configured CSI-RS-IDs within the configured CSI-RS resource set and reports the best N RRM measurement results with associated CSI-RS-IDs. UE reporting overhead can be reduced significantly based on appropriate indexing of CSI-RS-ID, e.g., cell-specific or UE(-group)-specific indexing starting from #0 to minimize required number of bits for CSI-RS-ID reporting.
In above method, UE needs to measure all configured CSI-RS resources even though maybe only some CSI-RS (beams) are directed to the UE. To reduce UE measurement complexity and power consumption, UE can measure partial CSI-RS resources within the configured CSI-RS resource set. The detection and measurement results based on NR-SSS (or NR-SSS with DMRS for PBCH) can be used to down-select the CSI-RS (beams) to be measured. For example, on top of common resource configuration, gNB can also configure or update the set of CSI-RS-IDs to be measured for a UE via dedicated RRC signaling based on UE’s reporting of NR-SSS measurement results. In another example, UE can down-select the CSI-RS to be measured by itself based on NR-SSS measurement results if gNB configures association (e.g., QCL) between SS block index and CSI-RS-ID via higher layer signaling. In both examples, UE can measure only partial CSI-RS resources and thus UE measurement complexity is reduced and power is saved.
Case 2
In Case 2, multiple beams are transmitted on CSI-RS resources in different symbols/slots (TDMed), or different PRBs (FDMed), or different symbols/slots and PRBs (combination of TDMed and FDMed). The examples are shown in Fig. 2. The common resource information for CSI-RS based RRM measurement should include the CSI-RS resource set of symbols/slots/RBs. Since different beams can be distinguished by symbols/slots and/or PRBs, UE can report such associated information with RRM measurement results to identify each beam. For example, in Fig. 2 (a), UE reports best N measurement results with associated time unit index and cell ID. In Fig. 2 (b), UE reports best N measurement results with associated frequency unit index and cell ID. In Fig. 2 (c), UE reports best N measurement results with associated time/frequency unit index and cell ID. In the measurement, UE assumes the detected cell ID as scrambling ID of CSI-RS. However, if scrambling ID is defined as combination of cell ID and beam ID, UE can report RRM measurement results with associated scrambling ID based on common resource configuration, which includes scrambling IDs to be measured.
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Figure 2 Examples of CSI-RS multiplexing (TDMed, FDMed, combination of TDMed and FDMed) for multiple TX beams
In LTE, periodic reporting and event triggered reporting are supported. Similar reporting criteria can be considered in NR. The triggering event based on CSI-RS for RRM measurement can be defined/configured separately from that based on NR-SSS (or NR-SSS with PBCH DMRS) for RRM measurement. In addition to periodic CSI-RS transmission for RRM measurement, aperiodic mechanism for CSI-RS based RRM measurement can also be considered. For example, when L1/L2 beam measurement results for all configured beams are not good, UE may request aperiodic CSI-RS transmission and reporting for L3 RRM measurement so that gNB can reconfigure the set of CSI-RS for L1/L2 beam management procedure.
Proposal 2:
· NR supports following CSI-RS configuration and measurement/reporting methods for NR RRM measurement based on CSI-RS in CONNECTED mode.
· gNB configures at least common resource configuration for CSI-RS based RRM measurement.
· The common resource configuration for CSI-RS based RRM measurement contains at least one of the following information: CSI-RS resource set (e.g., time/frequency resource pool), periodicity of resource set, time offset of resource set, antenna port assumption (e.g., number of CSI-RS antenna ports used in the resource set)
· UE performs RRM measurement based on common resource configuration information and reports measured results (e.g., RSRP) of the best N detected CSI-RS resources and associated information, which could identify the beam. The associated information could be following in different cases:
· CSI-RS configuration index, antenna port index, and cell ID

· CSI-RS-ID and cell ID

· CSI-RS-ID

· Time/frequency unit index and cell ID

· Scrambling ID

3. Conclusion 

In this contribution, we discussed on the CSI-RS design and configuration/reporting for RRM measurement in CONNECTED mode and we have following proposals. 

Proposal 1:
· Strive for minimizing configuration overhead, reporting overhead and UE complexity for CSI-RS based RRM measurement
Proposal 2:
· NR supports following CSI-RS configuration and measurement/reporting methods for NR RRM measurement based on CSI-RS in CONNECTED mode.
· gNB configures at least common resource configuration for CSI-RS based RRM measurement.
· The common resource configuration for CSI-RS based RRM measurement contains at least one of the following information: CSI-RS resource set (e.g., time/frequency resource pool), periodicity of resource set, time offset of resource set, antenna port assumption (e.g., number of CSI-RS antenna ports used in the resource set)
· UE performs RRM measurement based on common resource configuration information and reports measured results (e.g., RSRP) of the best N detected CSI-RS resources and associated information, which could identify the beam. The associated information could be following in different cases:
· CSI-RS configuration index, antenna port index, and cell ID

· CSI-RS-ID and cell ID

· CSI-RS-ID

· Time/frequency unit index and cell ID

· Scrambling ID
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