3GPP TSG-RAN WG4 Meeting #96-e 
R4-2011353
Electronic Meeting, 17 – 28 August, 2020
Agenda Item:
7.1.5.10
Source: 
Ericsson
Title:
On intra-frequency and inter-frequency measurements in NR-U including RSSI and CO
Document for:
Discussion
1 Introduction
In [5], the following agreements from RAN4#95-e are made on intra-frequency and inter-frequency measurements:

· Issue 2-3-1: Assumption of Q in PBCH reading
· Except for initial access, Q can be assumed to be always known at the UE
· Issue 2-4-1: To define scheduling restrictions during SS-RSRP, SS-SINR and SS-RSRQ measurement
· RAN4 to define scheduling restrictions during SS-RSRP, SS-SINR and SS-RSRQ measurements in NR-U
· Issue 2-6-2
Event triggered periodic, and periodic reporting delay
· Reuse Rel-15 delay, clarifying that this measurement reporting delay excludes a delay, which is caused by no UL resources being available for UE to send the measurement report on, and all delays due to UL LBT failures until the successful transmission of the report.
· Issue 2-1-2: Value of N
· N is not specified explicitly but determined by the existing procedures, e.g., the UE can reattempt the measurements until the earlier agreed 8 seconds limit (during which the undetectable cell can remain known) expires
· Issue 2-4-4:Different scheduling restriction when deriveSSB_IndexFromCell is enabled during SS-RSRP and SS-SINR measurements
· In NR-U, scheduling restriction should depend on the signaling of deriveSSB_IndexFromCell.
· Issue 2-4-5: Scheduling restriction of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH.
· In NR-U, the scheduling restriction of UE performing measurements with a different subcarrier spacing than PDSCH/PDCCH (clause 9.2.5.3.2 in TS 38.133) is applicable.
· FFS: scheduling restriction to intra-band and inter-band CA
In [5], the following agreements from RAN4#95-e are made on RSSI measurements:

· Issue 3-1-1: Intra-frequency and inter-frequency RSSI definition
· An intra-frequency RSSI measurement is defined when:
· RSSI channel BW is contained within the channel/carrier BW of the UE. 
· Further study whether to include SCS conditions into the definition and how to handle RSSI measurements under assumption of different SCS in RSSI, active BWP, etc.
· Options discussed in RAN4 95:
· Option 2a:  RMTC configured SCS is the same as the SCS of active BWP
· Option 2b: the SCS of the RSSI measurement is the same as the SCS of an intra-frequency SSB or CSI-RS
· Option 2c: No additional condition is needed.
· Option 2d: the SCS configured for the RSSI measurement is the same as the SCS of a serving cell, where the SCS of a serving cell is FFS.
· RAN4 requirements for RSSI and CO will be defined for all RMTC configurations.
· Issue 3-2-1: CSSF definition
· At least for CSSF within measurement gaps, CSSF needs to be adapted for NR-U to account for RSSI measurements in RMTC in addition to other NR-U measurements in SMTC.
· FFS: whether CSSF needs to be adapted for CSSF outside measurement gaps
· Issue 3-1-2: Need of measurement Gaps during RSSI measurements
· Measurement gaps are needed at least when:
· RSSI BW is not fully within the active BWP of the UE.
· o
FFS: if another condition is needed.
· Issue 3-3-1: RSSI Reporting criteria
· With Ecat=1, 1 report for RSSI and channel occupancy measurements is capable of 1 RSSI measurement and 1 channel occupancy measurement over a channel [TS 37.213] with CCA
In this contribution, we discuss the remaining issues for NR-U measurement requirements, intra- and inter-frequency, and RSSI and CO measurements.
2 Intra- and inter-frequency measurements
2.1 UE behaviour in RRC_CONNECTED mode when the serving cell is unavailable for consecutive SSB bursts
Among the two discussed options in RAN4#95-e:

· Candidate options:
· Option 1: UE shall initiate measurements on neighbour cells indicated by the serving cell if it is unable to measure the serving cell for consecutive SSB bursts.
· Option 2: After no SSBs of a cell can be received during up to 8 seconds, the cell will not be considered as detectable and the Rel-15 UE behavior will apply. No other UE behavior or requirement on the consecutive SSBs in the serving cell is needed. 
we prefer option 2.

· Proposal 1: After no SSBs of a cell can be received during up to 8 seconds, the cell will not be considered as detectable and the Rel-15 UE behavior will apply. No other UE behavior or requirement on the consecutive SSBs in the serving cell is needed.
2.2 UE behavior upon successively exceeding N times the Lmax value for measurements
In RAN4#95-e, the following option was discussed:

· After N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasions, UE shall stop the measurement attempts on this SSB. 
· The UE cannot measure this SSB again without first detecting it.
· FFS: whether UE shall restart directly from detection stage again for this SSB or the UE performs the detection procedure like for any other SSB.
For the UE behavior upon successively exceeding N times the maximum number of DL LBT failures Lmax, the following options were discussed [3] in RAN4#94-e-Bis:
· Option 1 (Original): After N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasions, UE may restart from the detection stage again. Value of N can be further discussed in RAN4.
· Option 2: After N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasions, UE shall stop the measurement attempts on this SSB, where N is TBD. 

· Option 3: The requirements do not apply after N unsuccessful measurement attempts of an already identified cell due to exceeding the max number of unavailable SMTC occasion. N is TBD.
After a measurement failed to complete a number of times for an already detected cell, it is reasonable to assume that the cell may need to be detected again. However, requiring that the UE goes back to the detection phase of exactly that cell can be interpreted as a new detection behavior which is more like validating the cell which has been detectable recently rather than doing the cell detection as usual and find, among other cells, this cell again. 
· Proposal 2: Upon successively exceeding N times the Lmax value for measurements, the UE shall stop the measurement attempts on this SSB and assume that the cell is not detected, where

· The UE cannot measure this SSB again without first detecting it
· The UE performs the detection procedure like for any other SSB
· N is not explicitly specified and determined by the existing procedures, e.g., the UE can reattempt the measurements until the earlier agreed 8 seconds limit (during which the undetectable cell can remain know) expires.
2.3 Applicability of the signaling of SMTC2 to NR-U
· Proposal 3: Signaling of smtc2 is applicable to unlicensed band.
2.4 Number of candidate SSBs the UE is required to monitor during intra- and inter-frequency cell detection
This is to be discussed together with a more general Ericsson contribution in [6], since the issue is relevant not only for measurements but also for RLM and other requirements. Based on RAN1 response LS [7], the following is proposed in [6].

· Proposal 4 (Proposal 4 in [6]): Define the core NR-U requirements transparent to the number of SSBs to monitor.

· Proposal 5 (Proposal 5 in [6]): Design test cases with two candidate SSB positions.
The above proposals apply also for intra- and inter-frequency measurements. However, since the issue is not unique for the measurements, it’s important that RAN4 agrees on the same approach for all relevant NR-U requirements.
· Proposal 6: Agree on the same approach to address the number of SSBs to monitor for all relevant NR-U requirements, including measurements, RLM, BM, etc.

3 RSSI and CO measurements
3.1 Intra- and inter-frequency definitions for RSSI and CO and need for gaps
It was agreed that measurement gaps are needed, but not that RSSI can be performed without gaps too.

· Proposal 7: Measurement gaps are not needed when the RSSI channel BW is fully inside the active BWP.

Regarding the intra-frequency / inter-frequency definition, it is FFS:

· Further study whether to include SCS conditions into the definition and how to handle RSSI measurements under assumption of different SCS in RSSI, active BWP, etc.
· Options discussed in RAN4 95:
· Option 2a:  RMTC configured SCS is the same as the SCS of active BWP
· Option 2b: the SCS of the RSSI measurement is the same as the SCS of an intra-frequency SSB or CSI-RS
· Option 2c: No additional condition is needed.
· Option 2d: the SCS configured for the RSSI measurement is the same as the SCS of a serving cell, where the SCS of a serving cell is FFS.
· Proposal 8: SCS is taken into account in the intra-/inter-frequency definition for RSSI and CO measurements, e.g.,

· RSSI/CO is inter-frequency if SCS configured for RSSI is different from the SCS of the active BWP

3.2 RSSI measurement bandwidth

RAN1 has agreed that RSSI bandwidth in NR is the LBT bandwidth, which in this case is known to the UE and to the network. Any RSSI BW decided autonomously by the UE, in addition to the RAN1 agreement, will not be compliant with the RSSI definition in TS 38.215 but will cause RSSI measurement uncertainty at the network, making it difficult for the network to interpret correctly and use these measurements without knowing over which part of the band the measurements were performed, which will have a negative impact on NR-U performance. 

When the bandwidth is unambiguously known to both UE and network, there is no need in normalizing the measurement prior to reporting.

· Proposal 9: RSSI measurement bandwidth is the LBT bandwidth (which is already decided by RAN1 and specified in TS 38.215).
3.3 Scheduling restriction for RSSI/CO measurements
In Rel-15, there are scheduling restrictions for UE measurements resulting in that the UE is not expected to transmit PUCCH/PUSCH/SRS in the measurement symbols and in the symbol before and after the measurement symbols. However, in the context of RSSI measurements for NR-U, such restrictions may be not justified for asynchronous NR-U networks and also because the UL transmissions may be of a higher priority than RSSI measurements.

· Proposal 10: No need to define scheduling restrictions for RSSI measurements in NR-U.
3.4 RSSI measurement period

In RAN4#95-e, the following have been discussed [5]:

· The RSSI and CO measurement period depends at least on:
· max(reportInterval, rmtc-Period) in non-DRX when measurement gaps are not required,
· max(reportInterval, rmtc-Period, DRX) in DRX when measurement gaps are not required, or
· max(reportInterval, rmtc-Period, MGRP and gap sharing) in DRX when measurement gaps are required.
· For RSSI measurement within measurement gap, measurement period is scaled with CSSFwithin_gap,i
· For RSSI measurement outside measurement gap, measurement period is scaled with CSSFoutside_gap,i
· FFS: For UE not capable of wideband operation in NR-U, RSSI measurement period scales with the number of MOs not requiring measurement gap according to CSSFoutside_gap,I, CCA
· FFS: Whether the scaling factor of 1.5 shall be used if DRX ≤  320ms
Similar to LAA, in NR-U the UE physical layer is expected to provide to higher layers a single RSSI sample for each OFDM symbol within each configured RSSI measurement duration occurring with a configured RSSI measurement timing configuration periodicity determined by RMTC periodicity. In addition, the UE is configured with a reporting interval. Hence, the RSSI measurement period is determined at least by max(reporting interval, RMTC period), but then if the UE is configured with DRX also the DRX cycle length is taken into account, and if the UE requires measurement gaps for performing RSSI and CO measurement the measurement period would further depend on MGRP but also on the gap sharing factor.
· Proposal 11: The RSSI and CO measurement periods depend on:

· max(reportInterval, rmtc-Period, CSSFoutside_gap,i) in non-DRX when measurement gaps are not required,
· max(reportInterval, rmtc-Period, DRX, , CSSFoutside_gap,i) in DRX when measurement gaps are not required, or
· max(reportInterval, rmtc-Period, MGRP, CSSFwithin_gap,i) in DRX when measurement gaps are required.
Furthermore, it is still FFS whether CSSF needs to be adapted for CSSF outside measurement gaps.
· Proposal 12: CSSF outside measurement gaps needs also to be adapted to account for RSSI/CO measurements.
4 Summary

· Proposal 1: After no SSBs of a cell can be received during up to 8 seconds, the cell will not be considered as detectable and the Rel-15 UE behavior will apply. No other UE behavior or requirement on the consecutive SSBs in the serving cell is needed.
· Proposal 2: Upon successively exceeding N times the Lmax value for measurements, the UE shall stop the measurement attempts on this SSB and assume that the cell is not detected, where

· The UE cannot measure this SSB again without first detecting it
· The UE performs the detection procedure like for any other SSB
· N is not explicitly specified and determined by the existing procedures, e.g., the UE can reattempt the measurements until the earlier agreed 8 seconds limit (during which the undetectable cell can remain know) expires.
· Proposal 3: Signaling of smtc2 is applicable to unlicensed band.
· Proposal 4 (Proposal 4 in [6]): Define the core NR-U requirements transparent to the number of SSBs to monitor.

· Proposal 5 (Proposal 5 in [6]): Design test cases with two candidate SSB positions.
· Proposal 6: Agree on the same approach to address the number of SSBs to monitor for all relevant NR-U requirements, including measurements, RLM, BM, etc.

· Proposal 7: Measurement gaps are not needed when the RSSI channel BW is fully inside the active BWP.

· Proposal 8: SCS is taken into account in the intra-/inter-frequency definition for RSSI and CO measurements, e.g.,

· RSSI/CO is inter-frequency if SCS configured for RSSI is different from the SCS of the active BWP

· Proposal 9: RSSI measurement bandwidth is the LBT bandwidth (which is already decided by RAN1 and specified in TS 38.215).
· Proposal 10: No need to define scheduling restrictions for RSSI measurements in NR-U.
· Proposal 11: The RSSI and CO measurement periods depend on:

· max(reportInterval, rmtc-Period, CSSFoutside_gap,i) in non-DRX when measurement gaps are not required,
· max(reportInterval, rmtc-Period, DRX, , CSSFoutside_gap,i) in DRX when measurement gaps are not required, or
· max(reportInterval, rmtc-Period, MGRP, CSSFwithin_gap,i) in DRX when measurement gaps are required.
· Proposal 12: CSSF outside measurement gaps needs also to be adapted to account for RSSI/CO measurements.
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