
3GPP TSG-RAN WG2 Meeting#105      	      						R2-1900801
Athens, Greece, 25th February - 1st March 2019

Source: 			ZTE Corporation, Sanechips
Title: 	Early measurement reporting for RRC idle and inactive state
[bookmark: Source]Agenda item:	11.10.3
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
One target of this WI is to support early measurement [1] as addressed below.
	· Early Measurement reporting: Early and fast reporting of measurements information availability from neighbor and serving cells to reduce delay setting up MR-DC and/or CA. [RAN2, RAN4]
· This objective applies to MR-DC, NR-NR DC and CA
· The objective should consider measurements in IDLE, INACTIVE mode and CONNECTED mode
· The impacts on UE power consumption should be minimized
· The LTE Rel-15 euCA work should be utilized, when applicable


This contribution provides considerations on the scenarios as well as applicability of LTE R15 euCA works. Further, issues related to early measurement in NR CA, NR-NR DC, MR-DC for both IDLE, INACTIVE mode are discussed.
2. Discussion
The main motivation for early measurement reporting is to reduce the delay for SCell addition and SCG addition when UE is transited to RRC CONNECTED from RRC IDLE or RRC INACTIVE. In LTE euCA, the UE is configured with idle mode measurement when it is released to RRC IDLE. The UE performs idle mode measurement according to the configured carrier frequency and its capability (e.g. whether it can support CA between target carrier frequency and current serving cell). After it returns to RRC CONNECTED, the network acquires idle mode measurement results immediately after SMC and configures CA based on the idle mode measurement results. In this way, the delay used for RRC reconfiguration to configure CONNECTED mode measurement and the delay with which the UE performs measurement and report is saved. 
Following tables summarize the delay of CA, NR-NR DC and MR-DC configuration according to [2][4][5]:
Table 1: delay component of NR CA configuration
	Operation \ delay
	NR
	E-UTRAN  [2]

	RACH + RRC setup /resume request
	10ms
	20ms

	RRC setup / RRC resume
	10ms
	25ms

	SMC(for RRC setup) + RRC reconfiguration (inter-freq measurement)
	16ms
	30ms

	Inter frequency measurement
	800ms (FR1)
	480ms x N freq layers

	Measurement report
	10ms
	15ms

	RRC reconfiguration for SCell addition
	16ms
	30ms



Table 2: delay component of MR-DC configuration
	Operation \ delay
	NR-NR DC
	NE-DC
	(NG) EN-DC

	RACH + RRC setup / resume request
	10ms
	10ms
	20ms

	RRC setup / resume
	10ms
	10ms
	25ms

	SMC (RRC setup) + RRC reconfiguration (inter-RAT/inter-freq measurement)
	16ms
	16ms
	30ms

	Inter-freq/inter-RAT measurement for SCG
	800ms (FR1)
	480ms x N freq layers
	800ms (FR1)

	Measurement report
	10ms
	10ms
	15ms

	SN addition procedure (not consider CU/DU)
	50ms
	50ms
	50ms

	RACH to PsCell
	10ms
	20ms
	10ms



Inter-frequency/inter-RAT measurements take a big portion of the total delay in all cases. It is reasonable to assume a similar early measurement mechanism is beneficial to speed up NR CA, NR DC and MR-DC configuration, especially for bursty user traffic and larger spectrum bandwidth of NR carriers.
Early measurement reporting will bring benefits to both RRC setup and RRC resume procedures.
Proposal 1: Similar to LTE euCA, early measurement reporting should be supported to speed up configuration of NR CA, NR-NR DC and MR-DC when UE transits to RRC CONNECTED from RRC IDLR and RRC INACTIVE.

Applicability of LTE euCA measurement configuration
In LTE euCA, each configure carrier frequency can be configured with a validity area (validityArea). If it is configured, the UE perform measurements on the corresponding carrier frequency only within the validity area. 
Besides, thw measure cell list (measCellList) can be configured for a carrier frequency. The UE is required to perform measurement on these cells and report results for these cells. 
When the UE is configured with UE dedicated early measurement configuration, a time duration (measIdleDuration) provides the time duration when it is required to perform early measurement.
These mechanisms provide further flexibility for the network to control the UE behavior. The network can configure these according to network deployment and its preference. Since these mechanisms are not RAT dependent, they can be reused in NR early measurement configuration.
Proposal 2: LTE euCA idle measurement mechanisms, including validity area, measure cell list and measure duration can be considered as baseline in NR early measurement.

LTE euCA supports two kinds of early measurement configurations: UE dedicated and cell common configuration. The UE is configured with dedicated measurement configuration when it is released to RRC IDLE. Besides, the network can configure cell common configuration via system information. If the UE is required to perform idle mode measurement but it is not configured with dedicated configuration, it performs measurement according to cell common configuration.
This approach provides flexibility of configuration, i.e. UE dedicated configuration can be configured according to UE capability, while cell common configuration provides more localized configuration.
Proposal 3: Both UE dedicated and cell common early measurement configuration should be supported in NR RRC. UE dedicated configuration is configured via RRC release message. Cell common configuration is contained in system information.

Reference signal for NR early measurement 
NR supports both SSB based and CSI-RS resource based measurement for UE in RRC CONNECTED, while only supports SSB based measurement for idle mobility for now. But it is worth considering whether CSI-RS resource based early measurement can also be supported. RAN2 has already agreed CSI-RS can operate without SSB, so supporting CSI-RS resource based early measurement is reasonable. Otherwise, the applicability of early measurement will be limited.
Proposal 4: Both SSB based and CSI-RS resource based early measurement for NR carrier should be supported.

Procedure of results report
Figure 1 shows the idle measurement report procedure in LTE ueCA.


Figure 1: idle measurement results report procedure in LTE euCA
In Figure 1, the network can indicated in SIB2 whether is can handle early measurement results. When the UE initiates the RRC connection setup procedure, if the current serving cell can handle idle measurement report and the UE has valid results, the UE indicates that it has valid idle measurement results in RRCConnectionSetupComplete message.
After SMC, network requests the UE to report measurement results via UEInformationRequest. The UE responses with UEInformationResponse containing measurement results.
With this 3 step approach, the UE reports idle measurement results only when the network can handle requests measurement results. It could be reused as the baseline for early measurement result reporting in NR RRC, while the details may be different to that in LTE euCA.
Proposal 5: Take 3 step report approach in LTE euCA as the baseline of early measurement reporting in NR.

For RRC resume procedure, because msg5 is already security enabled, it should be feasible to include measurement report in msg5. This will be beneficial in delay reduction, i.e. additional RRC message for request / report is saved.
If we agree to include measurement report in msg5, one issue is that whether msg3 can indicate that UE has valid results. If message 3 cannot indicate this, one alternative is network includes request in msg4 blindly, i.e. without UE indicating whether it has valid results. Upon network request, the UE includes results in msg5 if it has, or ignores the request if it has not. This alternative is also acceptable because the worst case is one or two bits in msg4 is wasted.
Proposal 6: For RRC resume procedure, measurement results is included in message 5. FFS whether message 3 can indicate the availability of valid measurement results.

Support of MR-DC
To support early measurement for MR-DC (NE-DC, EN-DC and NG-EN-DC), the UE should perform measurement on both NR carrier and E-UTRAN carrier when it is RRC IDLE or RRC INACTIVE. It includes measurement results of both RAT carrier frequencies when it is requested to report results. Then, the network can configure MR-DC according to the early measurement results.
Thus, both NR and E-UTRAN carrier frequency configuration should be contained in UE dedicated early measurement configuration and cell common early measurement configuration. To save power, the UE performs measurement on the inter-RAT carrier only when it supports DC configuration between the inter-RAT carrier and current serving cell.
Proposal 7: For MR-DC configuration, both NR carrier frequency and E-UTRAN carrier frequency can be configured in early measurement configuration.

Differentiation NR carrier/frequency band configuration for NR CA and NR-NR DC
Depending on network deployment, a specific NR carrier/frequency band may only support NR CA or NR-NR DC with UE’s current serving cell.
Because the UE’s supported band combination for NR CA and NR-NR DC may be different, it is meaningful to differentiate NR carrier/frequency band configuration for NR-NR DC and NR CA, i.e. indicating whether a NR carrier frequency support CA or DC with the current serving cell. Te UE decides whether to perform measurement on this carrier according to this information and its capability. 
With this information, the UE can avoid unnecessary measurement to save power. For example. The UE doesn't need to perform measurement on a carrier which only supports CA, if the UE does not support NR CA between this carrier frequency/band and the current serving cell.
Further, it is also meaningful to differentiate measurement report according to network deployment or preference (e.g. prefer to configure CA only for RRC setup case, and configure DC for RRC resume case). The network should be able to request measurement reports applicable for NR CA or NR-DC separately.
Proposal 8: For each neighbour NR carrier/frequency band, it should be possible for the NW to indicate whether NR CA or NR-DC with current serving cell is supported.

PLMN specific early measurement configuration
In RAN sharing deployment, different operators may have different frequency resources and different preference in CA/DC configuration for a specific frequency carrier. Thus it is necessary to support PLMN specific early measurement configuration. This can be implemented by including a PLMN ID list for a specific carrier frequency. The UE performs early measurement reporting according to its selected PLMN and the configured PLMN list of a specific carrier frequency.
Proposal 9: PLMN specific early measurement configuration should be supported.
3. Conclusion
Proposal 1: Similar to LTE euCA, early measurement reporting should be supported to speed up configuration of NR CA, NR-NR DC and MR-DC when UE transits to RRC CONNECTED from RRC IDLR and RRC INACTIVE.
Proposal 2: LTE euCA idle measurement mechanisms, including validity area, measure cell list and measure duration can be considered as baseline in NR early measurement.
Proposal 3: Both UE dedicated and cell common early measurement configuration should be supported in NR RRC. UE dedicated configuration is configured via RRC release message. Cell common configuration is contained in system information.
Proposal 4: Both SSB based and CSI-RS resource based early measurement for NR carrier should be supported.
Proposal 5: Take 3 step report approach in LTE euCA as the baseline of early measurement reporting in NR.
Proposal 6: For RRC resume procedure, measurement results is included in message 5. FFS whether message 3 can indicate the availability of valid measurement results.
Proposal 7: For MR-DC configuration, both NR carrier frequency and E-UTRAN carrier frequency can be configured in early measurement configuration.
Proposal 8: For each neighbour NR carrier/frequency band, it should be possible for the NW to indicate whether NR CA or NR-DC with current serving cell is supported.
Proposal 9: PLMN specific early measurement configuration should be supported.
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