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1. Introduction
The following agreements were made for L3 Mobility and CSI-RS measurements in RAN1:
	RAN1#NR_AH3

Agreements:
· 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

Agreements:
· Candidate value(s) for SMTC window duration
· At least 1ms, 5 ms are supported
· FFS other values 

Agreements:
· At least for inter-frequency measurement, SS block based RSSI measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec
· At least for inter-frequency measurement, SS block based interference measurement resource(s) is confined within at most the measurement gap duration, e.g., 6 msec

Agreements:
· Study further between the two alternatives on the type of the RSSI measurement resource in time domain: 
· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both
· Alt 2: RSSI is measured only within the DL part
· Note: UE at least knows that the OFDM symbols corresponding to the SS block locations indicated in the RMSI is for DL
· Note: Identification of the DL part of a slot of a serving/selected cell for the RSRQ measurement purpose, if necessary, will follow the decisions from the control sessions
· Study further among the following alternatives on the configurability of the RSSI measurement resource in time domain: 
· Alt a: The resource is predefined in the spec
· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements
· Alt c: UE detects RSSI measurement resource
· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI
· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection




	RAN1#90

Agreements:
· In NR RRM measurement for L3 mobility, 
· RSRQ based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in IDLE and CONNECTED mode
· RSRQ based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on SS/PBCH block is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· RS-SINR based on CSI-RS for L3 mobility is introduced for both below-6 and above-6 GHz for UE in CONNECTED mode
· SS block based RSRQ/RS-SINR are at least based on SS/PBCH-RSRP, and CSI-RS based RSRQ/RS-SINR are at least based on CSI-RSRP
· FFS: how to define RSRQ and RS-SINR, e.g.,
· Which time/frequency resource(s) are used for RSSI/interference measurement
· Whether/how to indicate the resource(s) for RSSI/interference measurement
· How to treat UE RX beam for RSRQ/RS-SINR measurement
· RAN1 strives to have common definition on RSRQ and RS-SINR for below-6 and above-6 GHz

Agreements:
· 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 

Agreements:
· Sequence design used for CSI-RS for beam management is baseline
· For CSI-RS based RRM measurement for L3 mobility, CSI-RS sequence seed to generate CSI-RS sequence is UE-specifically configured
· FFS: sufficient CSI-RS sequence seed size for L3 mobility

Working assumptions:
· Design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
· Values of D for CSI-RS for beam management are reused for CSI-RS for L3 mobility
· FFS: maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE
· For one cell, all CSI-RS resources for L3 mobility are confined to X slot(s)
· FFS: value of X

R1-1715113	On the CSI-RS based RSRP definition	Nokia
Agreements:
· CSI-RSRP measurement quantity should be defined per configured CSI-RS port




This contribution is an updated version of R1-1715791 [5]. Here, we continue the discussion of the remaining issues of RRM measurement for L3 mobility after RAN1#NR_AH3.
2. NR RRM measurements for L3 mobility
RRM Measurement Report
In RAN1#NR_AH3, it was agreed that for a SS-RSRQ/CSI-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement, and it is up to UE implementation how to select a set of RX beams to perform RRM measurement on a carrier, and the same set of RX beams shall be used in measurement of each TX beam based on a measurement object with the following issue as 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

While Alt.1 makes UE implementation simpler, it runs the risk that the reported measurements may not meaningful for network. Since it is up to UE implementation how to select a set of RX beams to perform RRM measurement and the RX beams can point to different directions, there can be huge differences among the measurements from RX beams, which make the reported average measurements meaningless for radio resource management.

The concern on Alt.2 is that the UE may not always determine reliably the best measurements among all RX beams due to the dynamic natures of the RF signals. In our view, L1 filter should be used for each RX beam when performing the measurement. With L1 filtering, the measurement per RX should become more reliable. Thus, our proposal is to adopt Alt.2. 
Proposal 1:
· UE should report the best measurement among all measurements obtained from the selected set of RX beams.

Candidate values for SMTC window duration
SMTC window duration is used to indicate the time duration for UE to perform RRM measurements. In RAN1#NR_AH3, it was agreed that for at least 1ms and 5 ms are supported for SMTC window duration with other values as FFS. In our view, the length of the SMTC window duration should be associated with the duration of actually transmitted SS blocks in SS block bursts. The SMTC window duration should be just longer enough to contain all actually transmitted SS blocks to make sure the UE is able to measure all SS Blocks in one hand and minimize the UE power consumption in the other. Since the duration of actually transmitted SS blocks in SS block bursts can be configured by the network in any of the candidate locations of the SS block transmission, which can be longer than 1ms, it is reasonable to support additional SMTC window duration in addition to the agreed 1ms and 5ms.
Proposal 2:
· The following candidate value(s) for SMTC window duration should be supported in addition to the agreed values of 1ms and 5ms
· 2ms, 3ms, 4ms 

RSSI measurement resource in time domain
In RAN1#NR_AH3, RSSI measurement resources in time domain were discussed and the following two alternatives were identified for further study: 
· Alt 1: RSSI is measured within the resource without considering whether the resource is DL or UL or both
· Alt 2: RSSI is measured only within the DL part 

In our view, the main purpose to measure the RSSI is to define the DL reference signal quality under the impact of different loading conditions. If RSSI is measured without considering whether the resource is DL or UL, the UL transmission of neighboring UEs may contribute a large portion of the measured RSSI, which makes it is questionable on whether the measured RSSI can be used to reliably define the DL reference signal quality. In LTE, RSSI is measured only in DL part. Even so, from the experience of LTE, it is known that it is difficult to get reliable RSSI measurements. Therefore, our suggestion is to limit the RSSI measured only within the DL part.
Proposal 3:
· RSSI should be measured only within the DL part of RSSI measurement resources in time domain 

RSSI measurement resource in time domain
In RAN1#NR_AH3, the configuration of RSSI measurement resource for SS block based RSRQ (SS-RSRQ) is discussed and the following alternatives are identified for further study:
· Alt a: The resource is predefined in the spec
· Alt b: The resource is explicitly configured in the SI for IDLE mode measurements and in the RRC signaling for CONNECTED mode measurements
· Alt c: UE detects RSSI measurement resource
· Alt d: The resource is implicitly derived by other parameters in SI, e.g., the actually transmitted SS blocks indicated in RMSI
· To down select, consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection

In LTE, RSRQ is defined as the ratio N×RSRP/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth, where the RSSI is measured 
· from OFDM symbols containing reference symbols for antenna port 0 of measurement subframes (default), or 
· from all OFDM symbols of the DL part of measurement subframes, if indicated by higher layers, or 
· from all OFDM symbols of the DL part of the indicated subframes, if indicated by higher layers.

The reason for LTE to have multiple options for RSSI measurements is that it is often times difficult to get reliable RSSI measurements based only on OFDM symbols containing reference symbols. In that case, the network has to instruct the UE to extend the RSSI measurements on all OFDM symbols of  measurement subframes, or even on all OFDM symbols of other measurement subframes. 
In general, the selection of the time/frequency resources for the RSSI measurements for SS block based RSRQ may be based on the following considerations: 
· Measurement reliability or stability. General speaking, RRM measurements for L3 mobility requires to be reliable, long term measurements, using more time/frequency resources may be helpful in this regard, 
· Measurement accuracy. Needless to say, the measurement accuracy is a key factor in the RRM measurements. Using more time/frequency resources may also be helpful in this regard. 
· UE power consumption. UE power consumption is always an important factor when defining the measurement requirements. From UE power consumption point of view, it should avoid measuring the OFDM symbols that do not contain the reference signals.  
· UE minimum bandwidth. The default measurement bandwidth should not exceed the UE minimum bandwidth. 

Similar with LTE RSRQ, NR may need to support multiple options for the selection of the OFDM symbols for RSSI measurements for SS block based RSRQ. 
Proposal 4:
· Unless indicated otherwise by higher layers, RSSI measurement resource in time domain contains all OFDM symbols of the actually transmitted SS blocks that are used for RSRP measurement.

· If indicated by higher layer, RSSI measurement resource in time domain may contain the downlink part of all OFDM symbols in one or multiple slots that contain the actually transmitted SS blocks that are used for RSRP measurement.

RSSI measurement resource in frequency domain
From frequency resource perspective, there are following options:
· Option 1: RSSI is measured only on the RBs containing the SSS;
· Note: The option is reasonable if RSSI is measured only on the OFDM symbols containing the SSS that is used for RSRP measurement
· Option 2: RSSI is measured on the RBs containing the SS block;
· Note: The option may be the right choice if RSSI is measured only on all OFDM symbols of the SS block containing the SSS that is used for RSRP measurement
· Option 3: RSSI is measured on the RBs of the UE minimum bandwidth;

Based on above considerations, it seems reasonable to adopt the following options for the time/frequency resources for the RSSI measurement for SS block based RSRQ: 



Figure 1. Time/Frequency resources for RSSI measurements

Proposal 5:
· Unless indicated otherwise by higher layers, RSSI is measured over the same set of resource blocks in frequency domain as the SS blocks that are used for RSRP measurements. 
· If indicated by higher layer, RSSI can be measured over all resource blocks of the UE minimum bandwidth.
· If indicated by higher layer, RSSI can also be measured over all resource blocks as indicated by higher layer signaling, which can be larger than UE minimum bandwidth.

3. NR CSI-RS for RRM Measurement for L3 Mobility
CSI-RS (RRM) periodicity
It was agreed that the periodicity of the CSI-RS (RRM) is configurable with the periodicity of {5, 10, 20, 40, [80, 160]} ms. In addition, it was also agreed that the measurement of CSI-RS in subband/bandwidth part which may or may not contain SS Blocks is supported.  For the subband/bandwidth part without SS blocks, it is desirable to use the CSI-RS to support the same flexibility for RRM measurements in term of measurement time and bandwidth as provided by the SS blocks. Considering that the periodicity of {5, 10, 20, 40, 80, 160} is supported for the SS blocks, it is reasonable to support the same periodicity for CSI-RS.   
Proposal 6: 
· CSI-RS (RRM) periodicity can be configurable in the same range as SS burst set, i.e., {5, 10, 20, 40, 80, 160} ms.

CSI-RS (RRM) measurement bandwidth
It was agreed that the CSI-RS (RRM) transmission and measurement bandwidths are configurable. For the CSI-RS (RRM) measurement band bandwidth, it was agreed at least the minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS (e.g., maximum UE bandwidth) are supported.  For the additional wider bandwidth for each SCS, it is reasonable to require the UE to support the CSI-RS measurement band bandwidth as the maximum UE bandwidth. On the other hand, considering that different UE may support different maximum UE bandwidths, it may be easier to define a fixed wider measurement bandwidth for each SCS. Also, the fixed measurement bandwidth may be associated with the target performance requirements for each SCS. Since measurement bandwidth is tightly associate with the measurement performance, it may be reasonable to let RAN4 make the decision on the wider measurement bandwidth associated with each SCS.
Proposal 7: 
· The candidate values for wider measurement bandwidth associated with each SCS can be decided by RAN4 according to the measurement performance requirements. 

CSI-RS (RRM) transmission bandwidth
gNB needs to transmit CSI-RS for supporting different UEs. gNB may transmit CSI-RS with a bandwidth as small as the minimum carrier bandwidth for supporting one or more UEs, or may transmit CSI-RS with a bandwidth as larger as the system carrier bandwidth. Thus, the CSI-RS (RRM) transmission bandwidth configured for a UE can be any value between the minimum and maximum carrier bandwidth for each SCS (Note: Obviously, in CSI-RS configuration for a UE, the configured  CSI-RS (RRM) transmission bandwidth should not be smaller than the configured  CSI-RS (RRM) measurement bandwidth). 
Proposal 8:
· CSI-RS (RRM) transmission bandwidth can be configured at any value between the minimum and maximum carrier bandwidth for each SCS, as long as it is not smaller than the configured CSI-RS (RRM) measurement bandwidth in the same CSI-RS resource configuration.

4. Conclusion
This paper discusses the remaining issues of the RRM measurements for L3 mobility. We propose the following: 
Proposal 1:
UE should report the best measurement among all measurements obtained from the selected set of RX beams.

Proposal 2:
· The following candidate value(s) for SMTC window duration should be supported in addition to the agreed values of 1ms and 5ms:
·  2ms, 3ms, 4ms

Proposal 3:
· RSSI is measured only within the DL part of RSSI measurement resources in time domain

Proposal 4:
· In time domain, RSSI measurement resources 
· contain all OFDM symbols of the actually transmitted SS blocks that are used for RSRP measurement, unless indicated otherwise by higher layers;
· may contain, if indicated by higher layer, the downlink part of all OFDM symbols in one or multiple slots that contain the actually transmitted SS blocks that are used for RSRP measurement. 

Proposal 5:
· In frequency domain, RSSI measurement resources 
· contain the same set of resource blocks as the SS blocks that are used for RSRP measurements, unless indicated otherwise by higher layers;
· may contain, if indicated by higher layer, the resource blocks of the UE minimum bandwidth;
· may contain, if indicated by higher layer, the resource blocks as indicated by higher layer signaling, which can be larger than UE minimum bandwidth.

Proposal 6: 
· CSI-RS (RRM) periodicity can be configurable in the same range as SS burst set, i.e., {5, 10, 20, 40, 80, 160} ms.

Proposal 7: 
· The candidate values for wider measurement bandwidth associated with each SCS can be decided by RAN4 according to the measurement performance requirements. 

Proposal 8:
· CSI-RS (RRM) transmission bandwidth can be configured at any value between the minimum and maximum carrier bandwidth for each SCS, as long as it is not smaller than the configured CSI-RS (RRM) measurement bandwidth in the same CSI-RS resource configuration.
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