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1 Introduction

In this contribution, we provide our views on the remaining details of NR RRM focusing on the essential corrections needed for the specifications in Section 2 and topics that are not considered necessary in our view are listed in Section 3. 
2 Essential for RRM
2.1 Default SS-RSSI time domain measurement resources

Default SS-RSSI time domain measurement resources have been a subject of debate during the last few meetings. In RAN1 NR AH 1801, RAN4 provided an LS to RAN1 recommending that [1]: 

“RSSI comprises the linear average of the total received power (in [W]) observed over time duration TRSSI, in the measurement bandwidth, over N number of resource blocks by the UE from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. The time duration, TRSSI, is defined as follows:

TRSSI =  Configured SMTC measurement window (if gap is not used)

TRSSI =  Overlapped time span between configured SMTC measurement window and minimum measurement time within measurement gap (if gap is used)”

Moreover, in RAN1 NR AH 1801 it was agreed that

Agreements [2]:

· The same default SS-RSSI measurement time resources are applicable for all SS-RSRQ measurements in the same carrier.

To continue discussion till next meeting. Aim to conclude in early week of next RAN1 meeting

· For FDD:

· Accept RAN4 recommended default SS-RSSI measurement time resources

· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.

· For TDD

· FFS: whether or not the UE is required to measure all SS-RSSI measurement time resources.

· Down-select from the following alternatives:

· Alt 1: a subset of OFDM symbol of the slots that contain detected SSB.

· The subset of OFDM symbols are: 

· Option 1) first 12 OFDM symbols

· Option 2) first 5 OFDM symbol in the half slot that SSB was detected

· Option 3) all OFDM symbols before a detected SSB in each half slot that contains the detected SSB

· Option 4) 2 OFDM symbols

· Option 5) First 1 OFDM symbol  for Case A & B, first 2 symbol for Case C & D, first 4 symbol for Case E (case A,B,C,D,E are SS/PBCH patterns for different bands)

· Option 6) All symbols excluding the OFDM symbol corresponding to the detected SSB

· Alt 2: a set of OFDM symbols relative to the detected SSB

· Alt 3:  RAN4 recommendation

· Alt 4: RAN4 recommendation with the exclusion of resources where slots that do not carry detected SSB 

We believe that RAN4 recommendation is a good compromise for both TDD and FDD cases and we do not see any reason to deviate from this recommendation. Measuring SS-RSSI on the relatively long time resources determined by TRSSI diminishes undesired UL interference on SS-RSSI measurement through an averaging effect. We propose:
Proposal 1: There is no reason to deviate from RAN4 recommendation in [1] for the default SS-RSSI time domain measurement resources. RAN4 recommendation in [1] is used as the default SS-RSSI time domain measurement resources.
2.2 CSI-RS based measurement in presence/absence of associated SS/PBCH block
In RAN1 #91, an optionally-configured associated SS/PBCH block is introduced for each CSI-RS resource to simplify CSI-RS based measurement.  The following agreement is reached:
Agreements [3] (Agreement A1):

· For each CSI-RS resource, at most one associated SSB can be configured 

· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer

· M>=1 number of CSI-RS resources per associated SSB can be configured

· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer

· In this case, UE may assume that the carrier is synchronized with the serving cell.

· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

Above agreement is further completed and clarified in the following two agreements in RAN1 NR AH 1801:

Agreements [2]: (Agreement A2)
· Regarding previous agreements:

· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer

· In this case, UE may assume that the carrier is synchronized with the serving cell.

· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

· Adopt: 

· N2 = 64

· FFS whether CSI-RS resources associated with and without SSB be configured in the same frequency layer.

Agreements [2]: (Agreement A3)
· If associated SSB is not configured:

· UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected.

· UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.

· If associated SSB is configured:

· UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration.

· Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].

· Send LS (to be prepared in R1-1801118, which is approved with the update “The value of N2 is still under discussion in RAN1” to “N2=64”. The final LS is in R1-1801190) to RAN4 regarding the above agreements (including the context of the above agreements). RAN1 recommends RAN4 to capture the agreements accordingly in 38.133.

In view of the above agreements, two issues need to be clarified and agreed to have a complete and clear set of agreements on UE behavior and network configuration in the presence/absence of an associated SS/PBCH block.  In the following, we discuss these two issues. 
2.2.1 Mixture of CSI-RS with and without associated SS/PBCH blocks in the same frequency layer
There is an FFS part in Agreement A2 that was a subject of discussion in RAN1 NR AH 1801:

· FFS whether CSI-RS resources associated with and without SSB be configured in the same frequency layer.

We do not see any strong technical reason to restrict CSI-RS resources so that if one CSI-RS resource is configured with an associated SS/PBCH block, all other CSI-RS resources that may correspond to different cells in the same frequency layer must also be configured with an associated SS/PBCH block. To our understanding, associated SS/PBCH block may optionally be configured for CSI-RS merely for the purpose of grouping CSI-RS resources and restricting measurement overhead. Further, UE is required to measure the configured CSI-RS with or without associated SS/PBCH block. As such, we propose:

Proposal 2:  CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer.   
2.2.2 Maximum number of CSI-RS resources per associated SS/PBCH block
Another open issue is the value of M which is the maximum number of configured CSI-RS resources per associated SS/PBCH block. Agreement A1 states that “If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer”. In the SFN scenario with only one SS/PBCH block, it should be possible that all configured CSI-RS resources to be associated with the single detected SS/PBCH block. Therefore, we propose: 
Proposal 3: Maximum number of M=96 CSI-RS resources per associated SS/PBCH block can be configured per frequency layer. 
2.3 CSI-RS based measurement for C-DRX UE

Regarding Connected DRX (C-DRX) UE behavior with respect to configured CSI-RS for L3 mobility, it was agreed that

Agreement [6]:

· UE is not required to measure CSI-RS configured for L3 mobility outside the active time

· Note exact definition of C-DRX active time depends on RAN2
· In this context the active time referred by RAN1 relates to the time when UE is monitoring PDCCH in onDuration or due to any timer triggered by gNB activity 
· I.e. when any of ‘onDurationTimer’, ‘drx-InactitivityTimer’ or ’ drx-RetransmissionTimer’ is running
· FFS:
· whether CSI-RS for L3 mobility is configured only within C-DRX UE’s active time for C-DRX operation

· whether UE should not assume that configured CSI-RS resources for L3 mobility are present outside the active time 
According to the above agreement, C-DRX UE is not required to measure CSI-RS configured for L3 mobility outside the active time. Therefore, to reduce CSI-RS transmission overhead, network should support pausing the transmission or increasing the periodicity of the configured CSI-RS for L3 mobility during Inactive period of C-DRX UE. As some C-DRX UEs may have overlapped on duration periods, network can configure shared CSI-RS resources within the overlapped on duration of these C-DRX UEs to reduce CSI-RS configuration signaling overhead. We propose:

Proposal 4: C-DRX UE shall not assume that CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of C-DRX UE.
2.4 CSI-RS measurement bandwidth

There have been discussions on CSI-RS measurement BW for RRM with respect to UE’s active DL BWP in RAN1 NR AH 1801 [5]. This calls for further clarifications on this issue in RAN1 #92. First, we would like to point out two agreements related to CSI-RS measurement BW for RRM as follows:

A) It has been agreed in “other aspects on carrier aggregation and bandwidth part” agenda item of RAN1 #91 that

Agreements [3]:

· A UE is expected to perform CSI measurement only within its active DL BWP at the time when the measurement occurs

B) It has also been agreed in [3] and further clarified in [2] that CSI-RS measurement BW is “configured per cell, where a common set of values are assigned across all the resources for a given cell”. 

As active DL BWP is only relevant in intra-frequency measurements, we discuss CSI-RS measurement BW for inter-frequency and intra-frequency separately. 

2.4.1 CSI-RS measurement bandwidth for inter-frequency measurement 

Measurement gap is used for inter-frequency measurement and, in our opinion, the only issue that may need to be clarified is that UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW. We propose:

Proposal 5: For inter-frequency measurement, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.

2.4.2 CSI-RS measurement bandwidth for intra-frequency measurement

For intra-frequency measurement, the configured CSI-RS resources may have a partial or no overlap with UE active DL BWP. If a measurement gap is used, UE should measure the configured CSI-RS resources regardless of the amount of overlap with DL BWP. However, still UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW. When measurement gap is not configured, to prevent the complication of UE RF tuning, we suggest to measure CSI-RS only within the overlapped part of its active DL BWP. As such, we propose:

Proposal 6: For intra-frequency measurement, 
· If measurement gap is not used, UE is not expected to measure the CSI-RS resources outside the overlapped part of its active DL BWP. 

· If measurement gap is used, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
2.5 UE rate matching behavior when performing SS-based RRM measurement

Another issue that needs to be clarified is the rate matching behavior when UE performs SS-based (SS-RSRP/SS-SINR/SS-RSRQ) intra-frequency RRM measurements and a measurement gap is not configured. In our opinion, the following three issues should be taken into account when discussing UE rate matching behavior.

1- FR1 vs. FR2 operating frequencies: In FR2, UE generally needs to perform Rx analogue beamforming and, typically, can only support receiving multiple channels/signals on the same OFDM symbols only if they are specially QCLed. As such, UE should not be expected to receive PDSCH/PDCCH on SS/PBCH block OFDM symbols if DMRS of PDSCH/PDCCH is not spatially QCLed with SS/PBCH block.

2- Synchronous vs. asynchronous systems: In synchronous systems, symbols that may carry SS/PBCH block within SMTC window are known. Further, the symbol location of SS/PBCH blocks that need to be measured may further be indicated to UE via RRC signaling. Note that, in our understanding, if the RRC parameter useServingCellTimingForSync is enabled, UE assumes that network is synchronized and it can utilize serving cell timing to derive the index of SS block transmitted by neighbor cell. However, in asynchronous systems, UE may need to search for SS/PBCH blocks on all symbols within SMTC window. Note that in both cases, the actual location of REs that carry SS/PBCH block in the SS/PBCH OFDM symbols in each NR operation band are given by Table 5.4.3.1-1 and Table 5.4.3.3-1 in [7]. 
3- SS-RSRP/SS-SINR vs. SS-RSRQ measurement: SS-RSRP/SS-SINR measurement resources are limited to the secondary synchronization signal REs and possibly PBCH DMRS REs. However, for SS-RSRQ calculation, SS-RSSI time domain measurement resources also include other symbols within SMTC window that do not carry a SS/PBCH. Note that it was agreed in [8] that “for a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement.” As such, when SS-RSSQ is measured in FR2, UE should not be expected to receive PDSCH/PDCCH on any of the SS-RSSI measurement symbols if DMRS of PDSCH/PDCCH is not spatially QCLed with SS/PBCH block.

Considering the above three issues and the resulting possible combinational scenarios, we propose

Proposal 7: UE rate matching behavior for SS-based RRM measurement is as follows:

I. If useServingCellTimingForSync is not enabled:

a) When operating band is in FR1, UE is not expected to receive PDCCH/PDSCH on the REs that can carry SS/PBCH block on any of the symbols within SMTC window. REs that can carry a SS/PBCH block are determined using Table 5.4.3.1-1 and Table 5.4.3.3-1 in [7].

b) When operating band is in FR2, UE is not expected to receive PDCCH/PDSCH on any of the symbols within SMTC window.

II. If useServingCellTimingForSync is enabled:

a) When operating band is in FR1 or operating band is in FR2 but DMRS of PDCCH/PDSCH is spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on SS/PBCH REs.

b) When operating band is in FR2 and DMRS of PDCCH/PDSCH is not spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on

i. SS/PBCH symbols if SS-SINR/SS-RSRP is measured.
ii. SS-RSSI OFDM measurement symbols if SS-RSRQ is measured.
2.6 Commonality of some RRC parameters 
In LS to RAN2 [9], the commonalities of the following RRM-related RRC parameters are left as FFS and needs to be discussed in RAN1 #92: 

	RRM
	RRM-MeasurementConfig

SMTC-Config

SMTC-Config-Idle

SSB-MeasurementTimingConfiguration

csi-rs-ResourceConfig-Mobility

ReferenceSignalConfig

SS-RSSI-MeasurementConfig

SS-RSSI-MeasurementSlotConfig

SS-RSSI-MeasurementSymbolConfig
	FFS


Below, we share our view about each RRC parameter:

· RRM-MeasurementConfig: This is a RAN2 Parent IE for csi-rs-Config-Mobility [10]. Note that it seems that csi-rs-Config-Mobility and csi-rs-ResourceConfig-Mobility are in fact the same RRC parameters. There is no description of csi-rs-Config-Mobility neither in [10] nor in [11] while all CSI-RS configuration parameters are included in csi-rs-ResourceConfig-Mobility. In any case, RRM-MeasurementConfig needs to be defined per UE. 
· SMTC-Config: Agreements in [3], [8], [12] regarding SMTC configuration are per frequency carrier and our understanding is that SMTC-Config should be defined per CC. 

· SMTC-Config-Idle: Similar to SMTC-Config, SMTC-Config-Idle should be defined per CC. 
· SSB-MeasurementTimingConfiguration: This is a RAN2 Parent IE for smtc1 and smtc2 and should be defined per CC. 

· csi-rs-ResourceConfig-Mobility: This is a RAN2 Parent IE that includes CSI-RS configuration parameters and needs to be defined per UE. 

· ReferenceSignalConfig: This is a RAN2 parent IE for ssbPresence (for SCell) and useServingCellTimingForSynch and needs to be defined per UE. 
SS-RSSI time domain measurement resources should be defined per UE and, therefore we propose:

· SS-RSSI-MeasurementConfig: Defined Per UE 

· SS-RSSI-MeasurementSlotConfig: Defined Per UE

· SS-RSSI-MeasurementSymbolConfig: Defined Per UE
Proposal 8: commonalities of RRM-related RRC parameters are defined using the following Table:

	RRM
	RRM-MeasurementConfig

SMTC-Config

SMTC-Config-Idle

SSB-MeasurementTimingConfiguration

csi-rs-ResourceConfig-Mobility

ReferenceSignalConfig

SS-RSSI-MeasurementConfig

SS-RSSI-MeasurementSlotConfig

SS-RSSI-MeasurementSymbolConfig
	Per UE

Per CC

Per CC

Per UE

Per UE

Per UE

Per UE

Per UE

Per UE


3 Enhancements for RRM 
3.1 Rx beam selection for RRM measurement 
Regarding Rx beam selection for RRM measurement, it has been agreed in RAN1 AH 1709 that 
Agreements [4]:

· For a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· For a CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement

· It is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier

· Different sets of RX beams can be used in measurements based on different measurement objects

· Same set of RX beams shall be used in measurement of each TX beam based on a measurement object

· FFS

· Alt.1: Measurement to be reported shall be greater than average of measurements based on each RX beam in the selected set

· Alt.2: Measurement to be reported shall be the best among measurements based on each RX beam in the selected set

· Other alternatives are not precluded

There have been some proposals to further specify and narrow down the choices of Rx beams. In particular, it has been discussed in RAN1 NR AH 1801 that [5] “The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain”.  We believe this proposal is unnecessary as 1) It is very difficult to accurately define “similar” in the above proposal in RAN1 and RAN4; and 2) It should be up to UE implementation on how to select beams for different measurement objects. For a given TX_i beam, the same RX_i beam is used to measure RSRP_i and RSSI_i and the effect of RX_i beamforming gain is minimized when calculating RSRQ_i = N*RSRP_i/RSSI_i. It has also been discussed in [5] that “Measurement to be reported is the best among the measurements based on each RX beam in the selected set”. We also do not see any technical necessity for such a restriction and prefer that the choice of Rx beam is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled. We propose that:
Proposal 9: The agreement in RAN1 AH 1709 on RX beams for RRM measurement is sufficient with the only additional requirement that the corresponding measurement accuracy requirements have to be fulfilled. 
3.2 SS-RSSI measurement bandwidth

Regarding SS-RSSI measurement bandwidth, it has been agreed that 

Agreements [3]:

· In Rel-15, different measurement BW for CSI-RSSI than for CSI-RSRP is not supported

· In Rel-15, there is no consensus to support different measurement BW for SS-RSSI than for SS-RSRP 

In RAN1 NR AH 1801, several companies have proposed to support a SS-RSSI measurement BW that is larger than that of SS-RSRP. In our opinion, a larger SS-RSSI measurement BW has been initially proposed to improve the accuracy of SS-RSSI measurements. However, this concern is addressed using a relatively long SS-RSSI time domain measurement resources: For the configured SS-RSSI measurement, multiple slots can be configured and within each slot, up to 12 symbols can be used for SS-RSSI the domain measurement resources. For the by-default SS-RSSI measurement, RAN1 has not reached an agreement yet but most companies support a relatively long time domain measurements over multiple slots. Therefore, although we do not have a strong opinion about this, we do not see any strong reason to justify a larger measurement BW for SS-RSSI measurement at this point.  We propose:
Proposal 10: SS-RSSI and SS-RSRP have the same measurement BW.
3.3 CSI-RS for RRM measurement and SS/PBCH block collision

It has been discussed in  RAN1 NR AH 1801 [5] to whether or not it is allowed to configure CSI-RS for RRM on SS/PBCH block OFDM symbols so that it is punctured by SS/PBCH block. An agreement on this issue is reached in “Reference signal and QCL” agenda item in RAN1 NR AH 1801 that we propose to adopt also in CSI-RS for RRM measurement:
Agreement [2]:

The following text proposal is agreed for Section 5.1.6.1.2 of 38.214:

The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.

We propose:

Proposal 11: Adopt the following agreement from “Reference signal and QCL” agenda item in RAN1 NR AH 1801 in CSI-RS for RRM measurement:

“The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.”
3.4 Additional periodicities for CSI-RS for L3 mobility 
It has been agreed in “Reference signals and QCL” agenda item in [2] that
Agreement [2]:

· Introduce additional periodicities of {4,8,16,32,64} slots and the corresponding slot offsets to at least the following periodic/semi-persistent RS:

· CSI-RS (includes ZP-CSI-RS and NZP-CSI-RS)

· SRS

We support using these additional CSI-RS periodicities also for L3 mobility to facilitate the network to reuse a configured CSI-RS for CSI acquisition for L3 mobility as well. We propose

Proposal 12: Adopt the additional periodicities of {4,8,16,32,64} slots for CSI-RS for L3 mobility. 

4 Conclusions
Proposal 1: There is no reason to deviate from RAN4 recommendation in [1] for the default SS-RSSI time domain measurement resources. RAN4 recommendation in [1] is used as the default SS-RSSI time domain measurement resources.
Proposal 2:  CSI-RS resources associated with and without SS/PBCH block can be configured in the same frequency layer.   

Proposal 3: Maximum number of M=96 CSI-RS resources per associated SS/PBCH block can be configured per frequency layer. 
Proposal 4: C-DRX UE shall not assume that CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of C-DRX UE.
Proposal 5: For inter-frequency measurement, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.

Proposal 6: For intra-frequency measurement, 
· If measurement gap is not used, UE is not expected to measure the CSI-RS resources outside the overlapped part of its active DL BWP. 

· If measurement gap is used, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
Proposal 7: UE rate matching behavior for SS-based RRM measurement is as follows:

I. If useServingCellTimingForSync is not enabled:

a) When operating band is in FR1, UE is not expected to receive PDCCH/PDSCH on the REs that can carry SS/PBCH block on any of the symbols within SMTC window. REs that can carry a SS/PBCH block are determined using Table 5.4.3.1-1 and Table 5.4.3.3-1 in [7].

b) When operating band is in FR2, UE is not expected to receive PDCCH/PDSCH on any of the symbols within SMTC window.

II. If useServingCellTimingForSync is enabled:

a) When operating band is in FR1 or operating band is in FR2 but DMRS of PDCCH/PDSCH is spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on SS/PBCH REs.

b) When operating band is in FR2 and DMRS of PDCCH/PDSCH is not spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on

i. SS/PBCH symbols if SS-SINR/SS-RSRP is measured.
ii. SS-RSSI OFDM measurement symbols if SS-RSRQ is measured.
Proposal 8: commonalities of RRM-related RRC parameters are defined using the following Table:

	RRM
	RRM-MeasurementConfig

SMTC-Config

SMTC-Config-Idle

SSB-MeasurementTimingConfiguration

csi-rs-ResourceConfig-Mobility

ReferenceSignalConfig

SS-RSSI-MeasurementConfig

SS-RSSI-MeasurementSlotConfig

SS-RSSI-MeasurementSymbolConfig
	Per UE

Per CC

Per CC

Per UE

Per UE

Per UE

Per UE

Per UE

Per UE


Proposal 9: The agreement in RAN1 AH 1709 on RX beams for RRM measurement is sufficient with the only additional requirement that the corresponding measurement accuracy requirements have to be fulfilled. 
Proposal 10: SS-RSSI and SS-RSRP have the same measurement BW.

Proposal 11: Adopt the following agreement from “Reference signal and QCL” agenda item in RAN1 NR AH 1801 in CSI-RS for RRM measurement:

“The UE may be configured to use the same OFDM symbols for the CSI-RS and SSB/PBCH when those are spatially quasi co-located and PRBs associated with CSI-RS are the outside of PRBs configured for SSB/PBCH.”
Proposal 12: Adopt the additional periodicities of {4,8,16,32,64} slots for CSI-RS for L3 mobility. 
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