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1 Introduction
In this t-doc, we discuss the remaining RRM issues for NR. 
2 CSI-RSSI measurement bandwidth
Agreements [1]:

· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.

· FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.
Regarding the FFS part, we do not believe that the measurement bandwidth of CSI-RSSI and CSI-RSRP should be different. The sole purpose of CSI-RSSI measurement is Reference Signal Received Quality (RSRQ) measurement and report. Having a CSI-RSSI measurement BW different from CSI-RSRP BW entails a RSSI measurement in a part of BW that no reference signal is present or measured. This is at odds with what RSRQ is supposed to measure: Reference signal received quality. 

Regarding the value of N, UE should have the freedom to select N such that it performs measurement only in a part of the configured CSI-RS measurement bandwidth. 

Proposal 1: UE performs CSI-RSSI and CSI-RSRP measurements over the same set of N PRBs. These N PRBs can be a subset of configured CSI-RS measurement bandwidth. 
3 IMR for CSI-RS based RS-SINR

Agreements [1]: 

IMR for CSI-RS based RS-SINR for RRM shall be down-selected (if any) from the following alternatives:

· Alt 1: CSI-RS REs used for the RSRP measurement 

· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 

· No RRC impact is expected
To ensure consistency, the same REs for both CSI-RSRP and CSI-RS based interference-plus-noise measurement (Alt 1) should be supported. We propose:

Proposal 2: IMR for CSI-RS based RS-SINR shall be the same REs used for CSI-RSRP measurement.
4 Number of ports and time-frequency resource configuration for CSI-RS for L3 mobility
Agreements [1]:

· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility 
· CSI-RS for L3 mobility is separately configured from that for BM
Regarding time resource mapping of CSI-RS, it is stated in [9] section 7.4.1.5.2 that: 
“The time-domain location 
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 is defined relative to the start of a slot with the starting positions of a CSI-RS in a slot 
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 configured by the higher-layer parameter CSI-RS-ResourceMapping.”
The above text captured from [9] along with the following agreement from  CSI-RS/MIMO agenda item can be used/adopted to finalize CSI-RS for L3 mobility configurations regarding number of ports and time-frequency resource mapping. 
Agreement CSI-RS1 (in CSI-RS/MIMO agenda item): 
Agreements [4]: 

· CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management

· Value of D>=1 represents RE/RB/port within a OFDM symbol.

· For the case of 1-port

· No CDM

· Subcarrier spacing within a PRB for D>1

· Even spacing

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP

· FFS the values of D 

· For the case of 2-port:

· Reuse the same pattern as that of for CSI acquisition at least for D=1 (if supported)

· FFS: the potential number of CSI-RS OFDM symbols for beam management

· FFS: other values of X and D for beam management 

· In the LS to RAN4, add “RAN1 are discussing the respective possible limited set values of D for 1-port and 2-port CSI-RS resource, e.g., taking from {1, 2, 3, 4, 6}. RAN4 is also welcome to provide inputs to select the values of D for 1-port and 2-port CSI-RS resources, respectively”

Aligned with Agreement CSI-RS1 above, we believe that single-port single OFDM symbol CSI-RS configuration for L3 mobility is sufficient. Moreover, [9] and Agreement CSI-RS1 can be adopted to finalize time-frequency resource configuration of CSI-RS for L3 mobility. We propose:
Proposal 3: Single-port single OFDM symbol CSI-RS configuration is supported for L3 mobility. 

Proposal 4: Following 38.211 Section 7.4.1.5.2, {0, 1, 2, 5, 6, 7, 8, 9, 10, 12, 13}-th OFDM symbol in a slot structure can be configured for CSI-RS for L3 mobility transmission.
Proposal 5: Consistent with the agreement in MIMO session in RAN1 #NR2, the REs that carry CSI-RS for L3 mobility have the following mapping in frequency domain

· Even subcarrier spacing within a PRB for D>1

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP
· Note: Subcarrier spacing above refers to CSI-RS resource mapping pattern.
5 CSI-RS for L3 mobility density 

CSI-RS density RE/PRB has not been extensively discussed in L3 mobility sessions so far. Single-port, single OFDM symbol CSI-RS time-frequency resource configuration with density D=1 and D>1 RE/PRB are agreed in MIMO sessions for CSI Acquisition [4]. Also, densities of D = {1/2, 1, 3} RE/PRB are agreed for TRS in [1]. Note that TRS is configured using CSI-RS. We believe that D>1 RE/PRB is also required for L3 mobility CSI-RS as the reference signal may be transmitted from neighboring cells and experience  quite large distance/channel attenuation effects. As such, an accurate RSRP or signal power estimation may not be achieved if CSI-RS for L3 mobility is configured with D=1 only. On the other hand, we believe that the maximum of D=6 is sufficient to also provide the possibility of an accurate CSI-RSSI measurement on the same PRBs that the CSI-RS for L3 mobility is configured. Therefore, we propose
Proposal 6: Supported CSI-RS for L3 mobility densities are D={1,2,3,4,6} RE/PRB.
6 CSI-RS for L3 mobility numerology

Regarding numerology of CSI-RS for mobility, it is agreed in mobility session that 

Agreements [4]: 

· ….

· Configurable numerology

· For each frequency range, subcarrier spacing values applicable to data, CSI-RS for beam management and SS block in the frequency range are supported

· ….

To our understanding, there is no specific additional numerology agreed for CSI-RS for beam management and we believe that, as agreed in [4], it is sufficient that L3 mobility CSI-RS to support only the configurable numerologies applicable to data and SSB for each BWP. We propose:

Proposal 7: In each BWP, numerology of CSI-RS for L3 mobility is configurable and supports only the numerologies applicable to data and SSB of the corresponding BWP.  

7 QCL of CSI-RS for L3 mobility with SSB
Regarding QCL between CSI-RS for L3 mobility and SSB, it is agreed in mobility session that

Agreements [4]:
· ….

· Association between CSI-RS for RRM measurement and SS block
· It is assumed that property of spatial QCL between SS block and CSI-RS for beam management will be reused
· ….

As the above agreement states, the same spatial QCL properties between CSI-RS for BM and SSB will be used for spatial QCL between CSI-RS for L3 mobility and SSB. There is a set of agreements in beam management and QCL agenda items in MIMO sessions in RAN1 #90b, RAN1 #NR3, RAN1 #90, and RAN1 #89  regarding spatial QCL between CSI-RS for BM and SSB and how to indicate it. These agreements are listed in Appendix. The set of agreements brought in Appendix provides a complete picture about the spatial QCL properties and how to indicate these properties between CSI-RS for BM and SSB. Following the above agreement in [4], we propose to adopt the same QCL properties and explicit indication method that are agreed for CSI-RS for BM and SSB. We only need to stress that QCL between CSI-RS for L3 mobility and SSB is not mandatory. We believe that the network should have the possibility to configure CSI-RS for L3 mobility even if the CSI-RS beam is not QCLed with any SSB. This is especially important in scenarios with SFN network deployments of SSBs. We propose: 
Proposal 8: QCL between CSI-RS for L3 mobility and SSB is not mandatory. If there is spatial QCL between SSB and CSI-RS for L3 mobility, it is explicitly indicated using the same method that is already agreed for indication of spatial QCL between SSB and CSI-RS for BM.
8 CSI-RS for L3 mobility transmission bandwidth

Regarding CSI-RS for L3 mobility transmission bandwidth, the following agreement has been reached:
Agreement [4]:

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

· ….

· Configurable transmission bandwidth (as already agreed)

· FFS candidate values
· ….
An agreement regarding CSI-RS transmission bandwidth has been reached in CSI-RS/MIMO agenda item in RAN1 #90b, stating that 

Agreement CSI-RS3 (in CSI-RS/MIMO agenda item):
Agreement [1]:

Support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is FFS. 

· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than X RBs (FFS: value of X)

· FFS: Whether the value of X is same or different for beam management and CSI acquisition

· FFS: The value of X may or may not be numerology-dependent

The above agreement CSI-RS3 can be adopted as a baseline for CSI-RS for L3 mobility transmission bandwidth with the additional note of X≥ 12 RBs in each BWP. This is due to the fact that smaller size of X may render the CSI-RSRP measurement inaccurate in comparison with the alternative SS-RSRP measurement which is performed on the 12 RBs that carry SSS [3]. We propose:
Proposal 9: Support configuring CSI-RS for L3 mobility resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is determined in CSI-RS/MIMO agenda item. 

· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than 12 RBs.
9 C-DRX UE’s assumption on CSI-RS reception
Regarding Connected DRX (C-DRX) UE behavior with respect to configured CSI-RS for L3 mobility, it was agreed that

Agreement [5]:

· 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 10: UE configured with C-DRX should not assume that configured 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 UE configured with C-DRX.
10 CSI-RS for L3 mobility periodicity
Regarding supported periodicities of CSI-RS for L3 mobility, it has been agreed that

Agreements [4]:

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

· Configurable periodicity (as already agreed)

· {5, 10, 20, 40, [80, 160]} ms are supported
· This does not mean periodicity will be configured per CSI-RS resource
· ….

It is not clear what are the necessities for adding [80, 160] ms to the already agreed periodicities of {5,10,20,40} ms. A main motivation of using CSI-RS for L3 mobility is to provide an improved measurement in comparison with the SSB-based RRM measurements. SSB periodicity has already been agreed to include 80 ms  and 160 ms values and adding the above two longer periodicities for L3 mobility CSI-RS is at odds with the intention of having more accurate RRM measurement using CSI-RS. 
Proposal 11: Only {5, 10, 20, 40} ms periodicities for L3 mobility CSI-RS are supported. 
11 SS-RSSI measurement bandwidth

Agreements [1]:

· Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.

· FFS The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.
SS reference signal received power (SS-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals (SSS) [3]. 20 PRBs of the third symbol of SSB are fully occupied by SSS (12 PRBs) and PBCH (8 PRBs). The same 20 PRBs on the second and fourth symbols of SSB are also fully occupied by PBCH. Moreover, 12 PRBs of the first symbol of SSB is fully occupied by PSS. Depending on the actually transmitted SSBs and subcarrier spacing of neighboring cells, it is also likely that the same set of PRBs on these four symbols to be occupied by SSBs of neighboring cells. 

We believe that SS-RSSI time domain resources should include the symbols that carry SSB (See Section 12). In such a case, if only the same 12 PRBs that carry SSS is used for SS-RSSI measurement, the contribution of the measurement performed on SSB symbols to overall SS-RSSI measurement may skew the SS-RSSI measured value as those 12 PRBs on 4 SSB symbols are always fully occupied at least by SSB of the considered cell and likely by SSBs of neighboring cells.  As such, we believe that SS-RSSI measurement bandwidth may be configured to be larger than the maximum 12 SSS PRBs that may be used for SS-RSRP measurement. Of course, UE should have the freedom to perform SS-RSSI measurement on a part of the SS-RSSI configured measurement bandwidth. 

Proposal 12: SS-RSSI measurement bandwidth may be configured to be different from the SS-RSRP measurement bandwidth. UE may perform SS-RSSI measurement only on a part of the configured SS-RSSI measurement bandwidth. 
12 SS-RSSI time-domain measurement resources

Agreements [1]: 

· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs

· FFS details

· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.

· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED

· FFS the applicability for IDLE mode inter-frequency measurement

· FFS details

Before discussing our preference for default and configured RSSI time-domain measurement resources, we need to clarify that, in our view, the above agreement is only concerned with SS-RSSI. CSI-RSSI time domain resources is agreed to be the same as OFDM symbols containing L3 mobility CSI-RS: 

Agreements [1]:

· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

· Measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing L3 mobility CSI-RS.
Regarding the FFS parts of the SS-RSSI agreement, there have been extensive offline discussions in  RAN1 #90b that is captured in summary of offline discussions as follows: 

Offline discussion [2]: 

A.1. Details of RSSI time-domain measurement resource for SSB based RSRQ
For the default RSSI time-domain measurement resource, the following alternatives were discussed. 

· Alt 1: RSSI is measured in all the OFDM symbols in the slot where SSB(s) is detected.

· Alt 2: The 1st N OFDM symbols in all the slots in the SMTC window

· Alt 3: The 1st N OFDM symbols in the slots where SSB(s) is detected

· Alt 4: The OFDM symbols corresponding to the detected SSBs

· Alt 5: N OFDM symbols prior to and including each detected SSB

· In these alternatives, N is fixed in the spec

For the configuration of the RSSI time-domain measurement resource, the following was discussed. 

· The set of OFDM symbols to be down-selected among:

· Option 1: the OFDM symbols are all the OFDM symbols in the configured slot

· Option 2: the 1st M OFDM symbols in the configured slot, where M is fixed in the spec

· Option 3: a set of consecutive m OFDM symbols in the configured slot, where m is configurable
We believe that, as much as possible, UL interference should be excluded from SS-RSSI measurement to obtain a more accurate SS-RSRQ measurement. RSRQ is meant to measure a long-term DL signal quality with respect to the total received signal. In practice, when a UE receives a DL signal, at least intra-cell UL interference (UL to DL interference) can be avoided. This should be reflected when calculating RSRQ. The challenge in avoiding UL interference when calculating SS-RSSI is that, from the UE perspective for the SS-RSSI measurement purpose, the only symbols in a slot that are certainly DL symbols are the symbols that are occupied by the actually transmitted SSBs.  As such, we believe that default and configured SS-RSSI time-domain measurement resources should at least include the symbols that carry the detected SSB from which the SS-RSRP is measured. However, it is possible that the SS-RSSI measurement BW is not large enough, for instance, due to the possibility that the UE supported BW only covers the 20 PRBs corresponding to the SSB.  In such a case, as explained in Section 11, SS-RSSI measurement may be skewed by the always-present SSBs and may not represent the actual cell load. To reduce this possible adverse effect, it is advisable to include other symbols than the symbols that carry the detected SSB in SS-RSSI time-domain measurement resource. As such, with some slight modifications, we propose Alt 5 for default and Option 3 in [2] for configured SS-RSSI time-domain measurement resource. 

Proposal 13: Both default and configured SS-RSSI time domain measurement resources should at least include the symbols that carry the detected SSB from which SS-RSRP is measured. In particular, for default SS-RSSI time domain measurement resources, NR supports

· 
N OFDM symbols prior to and including the detected SSB symbols from which SS-RSRP is measured.

And for configured SS-RSSI time domain measurement resources, NR supports

· A set of consecutive m OFDM symbols in the configured slot, where m is configurable and includes the detected SSB symbols from which SS-RSRP is measured. 
13 IMR for SSS based RS-SINR

Agreements [1]: 

IMR for SSS based RS-SINR shall be down-selected from the following alternatives:

· Alt 1: PBCH DMRS 

· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)

· No RRC impact is expected
We do not have a strong preference for either of the above two alternatives. However, for the sake of consistency, we suggest to use the same set of REs for signal and interference-plus-noise measurement (Alt 2). As such, we propose:

Proposal 14: IMR for SSS based RS-SINR shall be the same REs used for SS-RSRP measurement. 
14 SMTC window duration and offset

Regarding SMTC window duration, it was agreed that 

Agreements [7]:

· Candidate value(s) for SMTC window duration

· At least 1ms, 5 ms are supported

· FFS other values 

Our understanding is that the main justification regarding other configured SMTC window durations is to avoid UE from an unnecessary monitoring of SSBs over the whole 5 ms SMTC window. However, we do not see a necessity in introducing more candidate values for SMTC window duration. Note that it was agreed in RAN1#90b that the network can indicate a set of SS blocks to be measured within the SMTC measurement duration in connected mode. The latter agreement relieves the connected UE from unnecessary beam sweeping over the whole 5 ms window period if the SMTC of 5 ms is configured. 

Also, there have been some discussions in RAN1 #90b t-docs about SMTC window offset that have been reflected in Section B.2 of Summary [2]. The need for these SMTC window offset is still unclear at this point. We propose:

Proposal 15: Only 1 ms and 5ms SMTC window durations are supported. 
15 Maximum number of resources for L3 mobility 

In RAN1 #90, it has been agreed for beam management that the maximum configured beams to measure and to report per reporting instance is K=[64] and N=[1,2,4,8], respectively:
Agreements [5]:

· At least for non-grouping based beam reporting, taking the following parameter values for further consideration

· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]

· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]

· For L1-RSRP levels, candidate value is, e.g., around [100]

· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm

· Considering step-size of L1-RSRP, e.g., Z dB

· Companies are encouraged to evaluate/analyze appropriate values considering

· P1, P2, and P3 procedures

· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported

· The values could be different for PUCCH and PUSCH based reporting, if supported

· CSI-RS and/or SS-block related measurement/reporting
The above agreement followed by further discussions in RAN1 #90b in beam management session which resulted in a WF [6] that is co-signed by multiple companies stating that:

· Maximal number of configured Tx beams for beam measurement: K equals 64
· Maximal number of configured Tx beams to be reported in one instance: N_max = 2, 4  where a subset of N (N<=N_max where N = 1, 2, 4) beams can be selected by the gNB and indicated to the UE (FFS signaling mechanism)
Note that both above agreement and WF do not distinguish between the type of used resources (CSI-RS or SSB). Our interpretation is that the suggested values for K and N are the compound values for both types of used RSs. Also, our understanding is that the number of monitored beams by UE should depend on the UE capability and can be less than the maximum number of configured resources. 

It may be argued that the number of configured and reported resources for L3 mobility should be substantially larger than the corresponding values in BM since L3 mobility resources may be configured for serving cell and multiple neighboring cells. However, our understanding is that, in practice, UE does not need to monitor 64.L resources for L3 mobility where L is the number of neighboring cells. 

As such, the upper bound of the maximum number of monitored resources, that is, the maximum number of configured resources does not need to be scaled by the number of neighboring cells. We believe K=96 would be a reasonable choice for the total number of configured resources for L3 mobility. As for the maximum number of reported beams, we believe that N=8 is a reasonable value. UE can report up to N=8 resources that it deems more suitable (e.g., with a higher RSRQ) from the much larger set of monitored resources. This provides the network enough flexibility to select the best beam among the reported N resources for the possible HO purpose. Therefore, we propose

Proposal 16: For the purpose of L3 mobility, the maximum number of configured and reported resources are  K=96 and N=8, respectively. The maximum number of monitored resources for the purpose of L3 mobility depends on the UE capability and is upper-bounded by K.  
16 Applicability for SS-RSRP and CSI-RSRP

Our understanding is that UE needs to support SS-RSRP measurement in all three RRC_IDLE, RRC_INACTIVE, and RRC_CONNECTED states. However, CSI-RS is UE-specifically configured using RRC signaling and UE only supports performing CSI-RS based measurements in RRC_CONNECTED state. As such, we propose:
Proposal 17: SS-RSRP is applicable for RRC_IDLE intra-frequency, RRC_IDLE inter-frequency, RRC_INACTIVE intra-frequency, RRC_INACTIVE inter-frequency, RRC_CONNECTED intra-frequency, and RRC_CONNECTED inter-frequency. 
CSI-RSRP is applicable for RRC_CONNECTED intra-frequency and RRC_CONNECTED inter-frequency.

17 Measurement without intra-frequency measurement gap

When UE performs intra-frequency RRM measurement and measurement gap is not configured, UE behavior regarding rate matching around SSB block should be agreed. This issue is discussed in [10] and the following alternatives are suggested: (a) rate match around the SSB OFDM symbols; (b) rate match around the SSB BW, (c) both. 
Our view is that PDSCH and SSB Tx beams may be different and, as such, may require different Rx beams. Depending on UE capability, UE may not be able to perform RX beam switching over the same OFDM symbol and, in general, cannot be configured to receive data on SSB symbols. As such, we propose

Proposal 18: When UE performs intra-frequency RRM measurement and measurement gap is not configured, UE should assume the rate matching is around the SSB OFDM symbols.

18 Conclusions
Proposal 1: UE performs CSI-RSSI and CSI-RSRP measurements over the same set of N PRBs. These N PRBs can be a subset of configured CSI-RS measurement bandwidth.
Proposal 2: IMR for CSI-RS based RS-SINR shall be the same REs used for CSI-RSRP measurement.

Proposal 3: Single-port single OFDM symbol CSI-RS configuration is supported for L3 mobility. 

Proposal 4: Following 38.211 Section 7.4.1.5.2, {0, 1, 2, 5, 6, 7, 8, 9, 10, 12, 13}-th OFDM symbol in a slot structure can be configured for CSI-RS for L3 mobility transmission.
Proposal 5: Consistent with the agreement in MIMO session in RAN1 #NR2, the REs that carry CSI-RS for L3 mobility have the following mapping in frequency domain

· Even subcarrier spacing within a PRB for D>1

· Constant subcarrier spacing across PRB(s)

· Constant subcarrier spacing within a BWP
· Note: Subcarrier spacing above refers to CSI-RS resource mapping pattern.
Proposal 6: Supported CSI-RS for L3 mobility densities are D={1,2,3,4,6} RE/PRB

Proposal 7: In each BWP, numerology of CSI-RS for L3 mobility is configurable and supports only the numerologies applicable to data and SSB of the corresponding BWP.  

Proposal 8: QCL between CSI-RS for L3 mobility and SSB is not mandatory. If there is spatial QCL between SSB and CSI-RS for L3 mobility, it is explicitly indicated using the same method that is already agreed for indication of spatial QCL between SSB and CSI-RS for BM.
Proposal 9: Support configuring CSI-RS for L3 mobility resource on BWP with a transmission BW equal to or smaller than the BWP. When the CSI-RS BW is smaller than the BWP, support at least the case that CSI-RS spans contiguous RBs in the granularity of N RBs, where the value of N is determined in CSI-RS/MIMO agenda item. 

· When CSI-RS BW is smaller than the corresponding BWP, it should be larger than 12 RBs.
Proposal 10: UE configured with C-DRX should not assume that configured 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 UE configured with C-DRX.

Proposal 11: Only {5, 10, 20, 40} ms periodicities for L3 mobility CSI-RS are supported. 
Proposal 12: SS-RSSI measurement bandwidth may be configured to be different from the SS-RSRP measurement bandwidth. UE may perform SS-RSSI measurement only on a part of the configured SS-RSSI measurement bandwidth. 

Proposal 13: Both default and configured SS-RSSI time domain measurement resources should at least include the symbols that carry the detected SSB from which SS-RSRP is measured. In particular, for default SS-RSSI time domain measurement resources, NR supports

· 
N OFDM symbols prior to and including the detected SSB symbols from which SS-RSRP is measured.

And for configured SS-RSSI time domain measurement resources, NR supports

· A set of consecutive m OFDM symbols in the configured slot, where m is configurable and includes the detected SSB symbols from which SS-RSRP is measured. 
Proposal 14: IMR for SSS based RS-SINR shall be the same REs used for SS-RSRP measurement. 

Proposal 15: Only 1 ms and 5ms SMTC window durations are supported. 

Proposal 16: For the purpose of L3 mobility, the maximum number of configured and reported resources are  K=96 and N=8, respectively. The maximum number of monitored resources for the purpose of L3 mobility depends on the UE capability and is upper-bounded by K.  
Proposal 17: SS-RSRP is applicable for RRC_IDLE intra-frequency, RRC_IDLE inter-frequency, RRC_INACTIVE intra-frequency, RRC_INACTIVE inter-frequency, RRC_CONNECTED intra-frequency, and RRC_CONNECTED inter-frequency. 
CSI-RSRP is applicable for RRC_CONNECTED intra-frequency and RRC_CONNECTED inter-frequency.

Proposal 18: When UE performs intra-frequency RRM measurement and measurement gap is not configured, UE should assume the rate matching is around the SSB OFDM symbols.
Appendix: QCL agreements related to CSI-RS for BM and SSB

Agreement BM1 (in beam management/MIMO agenda item)

Agreement [1]:

Support at least the explicit approach for the update of spatial QCL reference in a TCI state.

· FFS: Additional support for implicit update.

· Note: In the explicit approach, the TCI state is updated using either RRC or RRC + MAC-CE based approach

Note: In the implicit approach, when a set of aperiodic CSI-RS resources are triggered, the triggering DCI includes a TCI state index which provides spatial QCL reference for the triggered set of CSI-RS resources. Following the measurement, the spatial QCL reference in the RS set corresponding to the indicated TCI state is updated based on the preferred CSI-RS determined by the UE. Other operations of implicit approaches are not precluded.
Agreement BM2 (in beam management/MIMO agenda item)
Agreement [7]:

A UE is RRC configured with a list of up to M candidate Transmission Configuration Indication (TCI) states at least for the purposes of QCL indication

· Whether M equal to or larger than 2N is for further study, where N is the size of the DCI field for PDSCH

· FFS: Mapping between the candidate states to the states described by N bit DCI field for PDSCH

· Each TCI state can be configured with one RS Set

· Each ID (FFS: details of ID) of DL RS at least for the purpose of spatial QCL in an RS Set can refer to one of the following DL RS types:

· SSB

· Periodic CSI-RS

· Aperiodic CSI-RS

· Semi-persistent CSI-RS

· FFS: Other RS (e.g. TRS, PTRS) in an RS set depending on outcome of discussions in the QCL agenda item

· FFS: Mechanisms to initialize/update the ID of a DL RS(s) in the RS Set used at least for spatial QCL purposes

· At least the following two mechanisms are FFS: (1) explicit signalling to the UE of the DL RS(s) ID and corresponding TCI state (2) implicit association of the DL RS ID(s) to a TCI state based on measurements by the UE.

· The mechanisms used for different RS types are FFS

· FFS: Whether or not a TCI state includes other parameters(s), e.g., for PDSCH rate matching purposes

· FFS: Value of N, where N is at most [3] bits

Note: More details on specification of more than one DMRS port group and more than one RS Set per TCI state is to be completed after the December release.

Agreement BM3 (in beam management/MIMO agenda item)

Agreement [8]:

· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 

· The other QCL parameters not precluded 

· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL

· ….
Agreement QCL1 (in QCL/MIMO agenda item)

Agreements [1]: 

The following P/SP/AP CSI-RS signaling options are supported:

	QCL parameter
	Reference RS
	Target RS
	Signalling mode
	Reference RS and Target RS should belong to the same CC/BWP or not

	Spatial
	SSB
	P CSI-RS
	RRC


	Can be on different CCs/BWPs

	Spatial
	SSB
	SP CSI-RS
	SP CSI-RS activation signal 


	Can be on different CCs/BWPs

	Spatial
	P CSI-RS
	Another P CSI-RS
	RRC


	Can be on different CCs/BWPs

	Spatial
	SSB or P/SP CSI-RS
	AP CSI-RS
	RRC or RRC+MAC CE for configuration,
indication with DCI 
	Can be on different CCs/BWPs


Working assumption QCL2 (in QCL/MIMO agenda item)

Working assumption [1]: 

After RRC for above 6 GHz

· …

· SSB ( CSI-RS for BM w.r.t. [average delay, Doppler shift], spatial RX parameters

· ….

Agreements QCL3 (in QCL/MIMO agenda item)

Agreements [5]:

· FFS the indicator state referred in below text may or may not be the indicator state defined in R1-1714885
· Following ways of configuring QCL relations between a reference RS and a targeted RS are supported
· If configured, at least spatial QCL relation between SS Block (ref) and at least P/SP CSI-RS is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· If configured, at least spatial QCL relation between a P/SP CSI-RS resource (ref) and another (different) at least P/SP CSI-RS resource is signaled 
· FFS signaling details, e.g., by RRC, etc.
· FFS: AP CSI-RS for targeted RS
· FFS : Other candidate relations
Agreements QCL4 (in QCL/MIMO agenda item)

Agreements [5]:

· For single CC/BWP and single TRP, at least the following is supported:

· Antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS wrt to the following parameters:

· TRS w.r.t . {average delay, delay spread, Doppler shift, Doppler spread} and one of SSblock w.r.t {spatial Rx parameters} or NZP CSI-RS w.r.t. {spatial Rx parameters)

· FFS Antenna ports of DM-RS can be QCL-ed with SSblock w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters} for PDSCH demodulation before TRS configuration

· FFS for PDCCH

· FFS the case where antenna port(s) of NZP CSI-RS can be QCL-ed with antenna port(s) of other RS: 

· SS block: w.r.t .{average delay, FFS delay spread, Doppler shift, FFS Doppler spread, spatial Rx parameters}

· Especially regarding whether this case must be supported if there is potential absence of TRS or not

· FFS Antenna ports of DM-RS can be QCL-ed with NZP CSI-RS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, spatial Rx parameters}

· FFS Antenna ports of DM-RS can be QCL-ed with TRS w.r.t. to the following parameters {average delay, delay spread, Doppler shift, Doppler spread, FFS spatial Rx parameters}

· Other cases are FFS

· Companies are encouraged to perform analysis and evaluations to finalize the supported case(s)
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