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1 Introduction
In this contribution we provide further analysis on measurement bandwidth aspects for NR.
2 Discussion

RAN1 has agreed that PSS and SSS occupy 127 subcarriers. Hence, when UE performs measurements it must receive a bandwidth of at least 127 RB to be able to detect new cells. In addition, the PBCH bandwidth has been agreed to be 288 subcarriers. PBCH DMRS may be used for measurements. The exact signal structure for the PBCH DMRS is still to be decided by RAN1, who have agreed
	Agreements:
· For NR-PBCH transmission, NR supports a single antenna port based transmission scheme only. 

· Same antenna port is defined for NR-PSS, NR-SSS and NR-PBCH within an SS block

· Single antenna port based transmission scheme for NR-PBCH is transparent to UEs

· Note that frequency domain PC is precluded
· DMRS for NR-PBCH is mapped on every NR-PBCH symbol

· Note: frequency domain RE density for DMRS is FFS
· Down select RE mapping scheme for the DMRS with consideration for required amount of REs for NR-PBCH
· Option 1: DMRS sequence is mapped on subcarriers with equal interval

· Option 2: DMRS sequence is mapped on subcarriers with unequal interval (e.g., less or no mapping within NR-SSS transmission bandwidth)

· DMRS sequence depends on at least cell IDs
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Agreements:
· RAN1 assumes at least SSS is used for SS block RSRP
· Note that NR-PBCH DMRS can also be used for SS block RSRP if UE can know the power offset of NR-PBCH DMRS and NR-SSS
· RAN1 asks RAN4 about above RAN1 assumptions
· RAN1 will send LS to RAN4 after deciding DMRS design
Prepare draft LS to RAN4 in R1-1709596 – Hiroki (DOCOMO)
Thursday: As DMRS design is not fixed yet, NTT DOCOMO confirmed that there was no need for sending LS to RAN4.


Hence it is expected that the bandwidth of the DMRS signal is the same as the NR-PBCH (288 subcarriers) however the frequency domain RE density is still FFS. It is also unclear if the UE can know the power offset of NR-PBCH DMRS and NR-SSS to allow NR-PBCH DMRS to be used also be used for SS-RSRP
Considering the impact on SS based measurements, we propose

Proposal 1: The minimum measurement bandwidth for SS-RSRP is 127 RE

Proposal 2: UEs may optionally measure over 288 RE if RAN1 concludes that the UE can know the power offset of NR-PBCH DMRS and NR-SSS to allow NR-PBCH DMRS.
This implies minimum measurement bandwidth for different SS block subcarrier spacing as shown in table 1

Table 1: Minimum measurement bandwidth for SS-RSRP

	Sub Carrier spacing
	SS bandwidth (MHz)

	15kHz
	1.905

	30kHz
	3.81

	120kHz
	7.62

	240kHz
	15.24


Table 2 shows the potential DMRS bandwidth (assuming 288 subcarriers)

Table 1: Optional measurement bandwidth for SS-RSRP including PBCH-DMRS

	Sub Carrier spacing
	SS bandwidth (MHz)

	15kHz
	4.32

	30kHz
	8.64

	120kHz
	34.56

	240kHz
	69.12


Next we turn our attention to CSI-RS. RAN1 reached the following agreements on CSI-RS

	Agreements:
· Following CSI-RS properties for RRM measurement for L3 mobility are supported in NR

· Periodic CSI-RS transmission with configurable periodicity

· Note that CSI-RS transmission can be turned on and off

· FFS: candidate periodicity values

· Configurable transmission/measurement bandwidth

· FFS: whether/how transmission and/or measurement bandwidth is indicated to UE
· Configurable CSI-RS time/frequency resource

· Note that this property is the same with that for beam management based on CSI-RS
· Note that the numerology for CSI-RS should consider neighbor cell measurement aspects
R1-1709201
WF on CSI-RS configurations
ZTE, Huawei, HiSilicon, InterDigital

Agreements:
· RAN1 provides the following response to Question 1 (response to R1-1709061):
· The design of CSI-RS for L3 mobility should reuse the CSI-RS design for beam management as a baseline. 

· CSI-RS for L3 mobility can have same, partly same or different configuration from CSI-RS for beam management.

· For example, they could be the same when both are configured to be periodic with same periodicity
· For example, they could be different when CSI-RS for L3 mobility is configured to be periodic and CSI-RS for beam management is configured to be aperiodic
· For example, they could be partly the same when both are configured to be periodic but with different periodicities
· Prepare draft reply LS to RAN2 in R1-1709449 – Patrick (ZTE)
Wednesday

R1-1709449
[DRAFT] Response LS on CSI-RS for beam management and RRM measurements
ZTE

Decision: The document is endorsed and final LS is approved in R1-1709581.
Agreement: RAN1 provides the following response to the "cell-specific and configurable" part of Question 2 in R1-1709061:
· RAN1 does not see the need to support cell-specific configuration for CSI-RS for RRM measurements

Agreements:
· RAN1 studies the following methods for a CONNECTED UE to obtain parameters for CSI-RS for L3 mobility:
· Method 1: Configuration of a parameter that is valid for one CSI-RS resource
· Method 2: Configuration of a parameter, e.g. periodicity, that is valid for all CSI-RS resources on a carrier frequency
· Method 3: UE derives a parameter that is valid for all CSI-RS resources associated with detected cells on a carrier frequency, at least partly, from the cell ID
· Method 4: Configuration of a parameter, e.g. periodicity, scramble ID (if specified), UE (group) ID (if specified), virtual cell ID (if specified), that is valid for a group of CSI-RS resources on a carrier frequency
· Method 5: NW provides a parameter that is valid for CSI-RS resources associated with detected cells on a carrier frequency, e.g. based on UE measurement reporting
· Other methods are not precluded
· Different parameters may be obtained by different methods.
· Note: "configuration" above means UE specific configuration by RRC signaling
Agreements:
· At least the following properties of a CSI-RS for L3 mobility can be signalled to the UE using dedicated signaling:
· NR Cell ID
· timing configuration, including time offset and periodicity
· number of antenna ports
· configurable time/frequency resource to indicate RE mapping
· configurable transmission/measurement bandwidth 
· Note: it relates to wideband operation
· parameters for sequence generation
· FFS: configurable numerology
· FFS: Spatial QCL assumption e.g. QCL between SS block and CSI-RS
· FFS: Which parameters are common or partial-common to multiple CSI-RSs

· FFS: Serving cell assists to derive the reference time of target cell in synchronous system




Related to measurement bandwidth, some important points to note ar that RAN1 assumes configurable transmission/measurement bandwidth and that CSI-RS for L3 mobility can have same, partly same, or different configuration from CSI-RS for beam management.
Since CSI-RS transmission represents an overhead for the gNB (e.g. from a gNB power consumption point of view), it seems not to be beneficial to configure a transmission bandwidth unless it can also be expected that the UE beneficially makes use of the CSI-RS, such as to improve measurement accuracy. For example, it would not make much sense for the gNB to configure 100 RB transmission bandwidth for the CSI-RS if the UE is only making use of 6 RB for L3 mobility measurements. Since it is at least possible that the CSI-RS can be a different configuration from the beam management CSI-RS, this would represent an unnecessary overhead.

Proposal 3: The CSI-RS transmission bandwidth and the UE measurement bandwidth should match each other.

Further discussion is still necessary on the suitable CSI-RS configurations, for example it may not be reasonable to expect that UEs can measure CSI-RS of serving and neighbour cells over the full system bandwidth of NR
3 Conclusions

Proposal 1: The minimum measurement bandwidth for SS-RSRP is 127 RE

Proposal 2: UEs may optionally measure over 288 RE if RAN1 concludes that the UE can know the power offset of NR-PBCH DMRS and NR-SSS to allow NR-PBCH DMRS.

Proposal 3: The CSI-RS transmission bandwidth and the UE measurement bandwidth should match each other.
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