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1. Introduction
The following agreements were made for L3 Mobility and CSI-RS measurements in RAN1#AH_1801 [1]:
	Agreements:
· 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) to RAN4 regarding the above agreements (including the context of the above agreements). RAN1 recommends RAN4 to capture the agreements accordingly in 38.133.

Conclusion:
· For inter-frequency measurement, associated SSB may or may not be configured for CSI-RS resources.
· No spec impact

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

Agreements:
· 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.




In the following, we discuss the remaining issues of RRM measurements for L3 mobility.

2. NR CSI-RS for RRM Measurement for L3 Mobility
2.1 Periodicity of CSI-RS for RRM Measurement
NR CSI-RS for RRM measurements is based on NR CSI-RS for BM configuration framework. For CSI-RS for BM, the parameter CSI-RS-timeConfig contains periodicity and slot offset for periodic/semi-persistent CSI-RS [2]:
· Periodicity: {5, 10, 20, 40, 80, 160, 320, 640} slots
· Slot offset: For CSI-RS periodicity P, the supported offsets are 0…P-1

Depending on the CSI-RS numerology, the maximum CSI-RS measurement periodicity for the CSI-RS numerology   can be as short as 20 ms when SCS=120kHz. 
On the other hand, in RAN1#91, the following agree was made on SSB based RRM measurements:
· SMTC periodicity:
· Both for inter-/intra-frequency measurements, the candidate values are {5, 10, 20, 40, 80, 160} msec

With above agreement, the maximum measurement periodicity for SSB based RRM measurement can be as long as 160ms for all SCSs. It can be much longer than CSI-RS RRM measurements in some SCS. Since UE mobility may be supported by CS-RS based measurements and/or SSB based RRM measurements, it is undesirable to have such large difference in the measurement periodicity.
In addition, RAN1#91 made the following agreements for RLM measurement time configuration, 
Agreements:
· RLM-SSB: value range is 0, 1, …, 63
· RLM-CSI-RS-timeConfig: 
· Periodicity, P: {5ms, 10ms, 20ms, 40ms}
· Slot offset: {0, …, Ps-1} slots
· Where Ps is number of slots within period P in the CSI-RS numerology

Thus, we would like to propose including the maximum periodicity of CSI-RS for RRM measurements at least to the same maximum periodicity as CSI-RS for RLM. One simple way to do that is to reuse the CSI-RS-timeConfig developed for RLM.

Proposal 1. 
· CSI-RS for RRM measurement may reuse the CSI-RS-timeConfig developed for RLM.

2.2 CSI-RS resources in the same frequency layer
In RAN1#AH_1801, the following conclusion and agreement were reached:
Conclusion:
· For inter-frequency measurement, associated SSB may or may not be configured for CSI-RS resources.
· No spec impact
Agreements:
· 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.

As shown above, there is an “FFS” for “whether CSI-RS resources associated with and without SSB be configured in the same frequency layer”. Based on the conclusion reached for the inter-frequency measurement that associated SSB may or may not be configured for CSI-RS resources, it is reasonable to have the same conclusion for intra-frequency measurements.  

Proposal 2: 
· For intra-frequency measurements, associated SSB may or may not be configured for CSI-RS resources.
· No spec impact

3. SS-RSSI Measurements
In RAN4’s LS to RAN1 on RSSI evaluation resource for SS-RSRQ measurement [6], RAN4 provides the time duration, TRSSI, for RSSI in SSB based RSRQ if UE doesn’t get indication of RSSI estimation period from network:
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)

In RAN1#AH_1801, the following agreements were made:

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

In RAN1#AH1801, the exact definition of the default SS-RSSI measurement time resources were discussed without final conclusion. The following were the options discussed during the meeting [1]:

· 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 

For FDD case, it is reasonable to use RAN4 recommended default SS-RSSI measurement time resources, since there is no UL OFDM symbol within the SS-RSRI measurement time resources. On the issue about whether the UE is required to measure all SS-RSSI measurement time resources, in our view it is desirable that the UE performs the measurement with the whole recommended default SS-RSSI measurement time resources. Otherwise, different UEs may use different time resources for the RSSI measurements under different scenarios, which result in different measurement behaviour for the different UEs.

Proposal 3: 
· For FDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources
· UE is required to measure all SS-RSSI measurement time resources.


The issue of SS-RSSI measurement becomes more complicated for TDD case because there can be UL OFDM symbols in SSB slot in TDD case. Whether and how to exclude these UL OFDM symbols lead to different options for the default SS-RSSI measurement time resources. Another consideration is whether to exclude the SSB OFDM symbols in the SS-RSSI measurements. In our view, to make the SS-RSSI measurement reliable, it requires the enough measurement time resources and ideally excluding the UL OFDM symbols. Without enough measurement time resources, it will not have reliable SS-RSSI measurement due to the nature of dynamic variation of the DL signals from various resources. RAN4 recommendation may provide enough measurement time resources for the UE to perform the SS-RSSI measurement, and thus can be used as the starting point for SS-RSSI measurement for TDD case. On whether to exclude the SSB OFDM symbols in the SS-RSSI measurements, we don’t see the strong need to do so, since SSBs are part of DL signals, and also SSBs only occupy 20RBs.  

Observation 1: Having enough measurement time resources is a key for reliable SS-RSSI measurements; RAN4 recommendation can be used as the stating point;

To make the SS-RSSI measurement accurately representing the SS-RSSI, it would be desirable to exclude the OFDM symbols that are most likely to be configured as the UL OFDM symbols. Therefore, it is reasonable to exclude the last 2 OFDM symbols.

Observation 2: To make the SS-RSSI measurement accurately representing the SS-RSSI, it would be desirable to exclude the OFDM symbols, e.g., the last 2 OFDM symbols, in a slot.

Proposal 4: 
· For TDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources, but excluding the last 2 OFDM symbols in the slots within the measurement time resources; 
· UE is required to measure SS-RSSI measurement with all configured time resources.

4. Conclusion
This paper discusses the remaining issues of the RRM measurements for L3 mobility. We propose the following: 
Proposal 1. 
· CSI-RS for RRM measurement may reuse the CSI-RS-timeConfig developed for RLM.

Proposal 2: 
· For intra-frequency measurement, associated SSB may or may not be configured for CSI-RS resources.
· No spec impact

Proposal 3: 
· For FDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources
· UE is required to measure all SS-RSSI measurement time resources.

Proposal 4: 
· For TDD:
· Accept RAN4 recommended default SS-RSSI measurement time resources, but excluding the last 2 OFDM symbols in the slots within the measurement time resources; 
· UE is required to measure SS-RSSI measurement with all configured time resources.
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