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1. Introduction
After a fruitful discussion on the detailed design of RRM in the previous RAN1#90bis meeting [1], many agreements have been achieved (attached in the Appendix) with some issues remaining open.
In this contribution, we discuss some remaining issues for RRM in NR focused on the following aspects:
· RRM for wideband CC

· RSSI time-domain measurement resource
· SMTC configuration

· RRM measurement in unpaired spectrum
2. Discussion
2.1. RRM measurement on multiple SS blocks in wideband CC
RSRP measurement

It has also been clarified in the previous RAN1 meeting that multiple SS blocks can be transmitted within the bandwidth of a wideband carrier in NR. As discussed in [2], SS block repetition in frequency domain can be a useful deployment in many scenarios. A wideband capable UE is possible to monitor multiple SS blocks within a wideband CC for SS-RSRP measurement, which is beneficial to improve the measurement accuracy and to reduce the required measurement duration. For SS-RSRP measurement, it should support the UE to measure over multiple SS blocks in frequency domain. The network would provide the set of repeated SS blocks, either by SIB or by UE specific RRC signaling, to the UE for RSRP measurement. 
Proposal 1: NR should support the UE to measure over multiple SS blocks in frequency domain for SS-RSRP measurement. 
RSRQ measurement

For SS-RSRQ measurement, monitoring multiple SS blocks in the wideband CC is also important in the following scenarios.

· In heterogeneous network where macro cells and low power cells are deployed.
· In the multi-beam deployment, each bandwidth part in the wideband CC may employ different transmission beams to cover different directions.
· The interference level on some narrow frequency locations are significantly different from others due to unbalanced traffic load, or due to interference from other sources e.g. unlicensed band, etc.

· Some bandwidth part of the wideband CC is shared with other types of non-cellular transmission, e.g. sidelink transmission, etc.

In these scenarios, it is expected that the interference level would be significantly different among different frequency locations; obviously, measuring the RSSI over the same set of resource blocks with the SS block definitely cannot meet requirements. The measurement bandwidth of the RSSI should be flexible enough for different network deployment scenarios, and can be configured differently from that of the RSRP measurement bandwidth by the network.

Proposal 2: NR should support to configure different measurement bandwidth of SS-RSRP and SS-RSSI for SS-RSRQ measurement. 
Configuration of measurement bandwidth
There are several solutions to specify the measurement bandwidth; for example, network can send a list of radio frequency channel number to UE. Note that up to four bandwidth parts can be configured to one UE, and one motivation of introducing the bandwidth part is to adapt to the traffic load variation. On the other hand, the main functionality of RSRQ measurement is to reflect loading and interference level. Therefore, it is natural to simply indicate to the UE which bandwidth part(s) the UE should use for RSSI measurement. 
In the scenarios where multiple SS blocks are deployed in the wideband CC, each SS block would be associated to a separate bandwidth part. The network can provide this configuration to UEs. As a result, if the UE is configured to measure over multiple SS blocks in frequency domain for SS-RSRP measurement, it can simply combine all the SS blocks in the indicated bandwidth parts for SS-RSRP measurement.
Proposal 3: Network configures the bandwidth part(s) to UE for SS block based RRM measurement. If configured, the UE shall perform RSRP and RSSI measurement on the indicated bandwidth part(s). 

2.2. RSSI time-domain measurement resource
According to the agreement, there is a predefined time-domain resource set and a set of resources configured by the network for RSSI measurement. It is better to avoid biased RSSI measurement result due to cross-link interference from UL transmissions. However, without proper configuration from network, the UE is not aware of the actual slot format. For the default RSSI time-domain measurement resource, it is nature to use the OFDM symbols of the detected SS block, which in no doubt are DL symbols. However, the OFDM symbols of the SS blocks may not be good representative to the actual traffic loading condition. An alternative is to measure over all the OFDM symbols within the slot where the SS blocks detected. The problem is that, according to the agreed SS block patterns, some OFDM symbols may be used as GP and UL symbols, which may bias the RSSI measurement result. Therefore, it is proposed that all the OFDM symbols within the slot where SS blocks detected excluding those reserved for GP and UL, are specified as the default RSSI time-domain measurement resources.
Proposal 4: For the default RSSI time-domain measurement resource, the RSSI is measured over all the OFDM symbols within the slot where SS blocks detected, excluding those reserved for GP and UL symbols. 
For the configured the RSSI time-domain measurement resource, it should be within the SMTC window so that the RSSI measurement can be done together with the RSRP measurement. The set of the slots of RSSI time-domain measurement resources can be simply a bitmap within the SMTC window, and another bitmap can be provided indicating the OFDM symbols within the slots for RSSI measurement. In order to have a unified measurement framework and fair compare among different carriers, this configuration can be applied for both intra-frequency and inter-frequency measurement.
Proposal 5: The sets of the slots and OFDM symbols for RSSI time-domain measurement resource are configured by a bitmap approach. The configuration of RSSI measurement can be applied for both intra-frequency and inter-frequency measurement. 
2.3. Configuration of SMTC
The SMTC is introduced in order to assist the help to locate the actual SS blocks transmission. A UE can be provided with a SMTC window in idle mode, and an additional SMTC window in connected mode for inter-frequency measurement. Currently it has been agreed that at least 1ms and 5ms SMTC window is supported, which already well covers all the SS block candidates in the burst set regardless of the numerology. In the case of the network transmits only a subset of the SS blocks within the burst set window (i.e. [0, 5] ms), additional SMTC window durations (e.g. 2, 3, 4 ms) partitioning the burst set window, may also useful to maximize UE power saving. Nevertheless, supporting too many SMTC window durations would increase the UE implementation complexity, thus is not favorable from UE perspective. At most one more value between 1 and 5 ms can be considered.
Proposal 6: At most, one additional SMTC window duration between 1 and 5 ms can be considered. 
Additionally, a SMTC window offset relative to the frame start is proposed, which is useful in the network deployment without tight time synchronization. This offset can be within [0, 5] ms, as the maximal time different between cells is not expected to exceed a half frame (similar to that in LTE).
Proposal 7: A SMTC window offset can be supported with value within [0, 5] ms. 
2.4. RRM measurement in unpaired spectrum

For unpaired spectrum, the gNB will configure the DL/UL or unknown slots/symbols to a UE via higher layer signalling or dynamic SFI. The resources can be semi-static or dynamic DL/UL/unknown. In the DL slots/symbols, UE can perform RRM measurement for both serving cell and neighbouring cells. However, in the UL/unknown symbols, the UE behaviour should be discussed. 
For serving cell, the RRM is allowed to be measured in the DL slots/symbols and unknown slots/symbols configured by semi-static DL/UL assignment or dynamic SFI.

In case the SS block or CSI-RS for RRM measurement are transmitted in different time instances between serving and neighbor cells, it would happen that, at a time instance for a UE to measure neighbor cell RRM, the transmission direction for its serving cell is UL or unknown and hence collision between serving cell UL transmission and neighbor cell RRM. How to handle such collision should be discussed.
One option is to cancel the neighboring cell RRM measurement which colide with the serving cell UL slots/symbols. However, if there is no UL transmission in the UL slots/symbols, the RRM measurement opportunity will be reduced. Therefore, UE should be allowed to perform neighboring cell RRM measurement in the serving cell UL slots/symbols depending on the UL data transmission. If there is no UL data transmission, the UE performs RRM measurement. If there is data transmission scheduled in the UL slots/symbols, the RRM measurement is then cancelled.  Similarly UE is allowed to perform neighboring cell RRM measurement if there is no UE-specific UL data scheduled in the unknown slots/symbols. 
Proposal 8: Neighboring cell RRM measurement is allowed to be performed in the serving cell UL/unknown slots/symbols when there is no UL data scheduled.

Proposal 9: UE skips the neighboring cell RRM measurement in the serving cell UL/unknown slots/symbols when there is UL data scheduled.
3. Conclusion

In this contribution, we discuss the remaining issues for RRM.
For wideband CC scenario, we have the following proposals:

Proposal 1: NR should support the UE to measure over multiple SS blocks in frequency domain for SS-RSRP measurement.
Proposal 2: NR should support to configure different measurement bandwidth of SS-RSRP and SS-RSSI for SS-RSRQ measurement.
Proposal 3: Network configures the bandwidth part(s) to UE for SS block based RRM measurement. If configured, the UE shall perform RSRP and RSSI measurement on the indicated bandwidth part(s).
For other RRM remaining issues, we propose:
Proposal 4: For the default RSSI time-domain measurement resource, the RSSI is measured over all the OFDM symbols within the slot where SS blocks detected, excluding those reserved for GP and UL symbols.
Proposal 5: The sets of the slots and OFDM symbols for RSSI time-domain measurement resource are configured by a bitmap approach. The configuration of RSSI measurement can be applied for both intra-frequency and inter-frequency measurement.
Proposal 6: At most, one additional SMTC window duration between 1 and 5 ms can be considered.
Proposal 7: A SMTC window offset can be supported with value within [0, 5] ms.
Proposal 8: Neighboring cell RRM measurement is allowed to be performed in the serving cell UL/unknown slots/symbols when there is no UL data scheduled.
Proposal 9: UE skips the neighboring cell RRM measurement in the serving cell UL/unknown slots/symbols when there is UL data scheduled.
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Appendix: Agreements on RRM at RAN1#90bis 
Agreements:

· Keep the terminologies as in TS38.215 for the following measurement quantities:

· SS-RSRP

· SS-RSRQ

Agreements:

· 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.

Agreements:

· 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.

Agreements:

· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed 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) are confined within SMTC window duration(s).

Agreements:

· The SMTC configuration provided for IDLE mode per frequency carrier corresponds to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 

Agreements:

· 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
Agreements:

· No consensus to support additional periodicity values for CSI-RS for L3 mobility

R1-1719017
Monday Offline Summary and Remaining Issues for 7.1.5.1
Samsung
Agreements:

· 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

R1-1719163
Thursday Offline Summary and Remaining Issues for 7.1.5.1
Samsung
Agreements:

· L3 mobility CSI-RS is based on the CSI-RS configuration framework for the BM 

· FFS the details, e.g., tailoring some or all the BM parameters (e.g., resource settings, resource sets, and resources; and corresponding parameters) for L3 mobility needs

R1-1719208
Agreements:

· 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.

Agreements:

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 

Agreements:

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
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