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1. Introduction

This is the revision of R1-1715847. A lot of agreements on SSB / CSI-RS based RRM measurements was made in last RAN1 meetings [1][2], and some remaining details should be discussed and determined in this meeting. In this contribution, we will provide our opinion about following items.
· Resource configuration for RSSI measurement
· Configuration on SS/PBCH block based measurement
· Configuration on CSI-RS resources

2. Resources configuration for RSSI / interference measurement 
2.1. Resources of RSSI measurement

RSRQ is simply defined to be RSRP / RSSI in linear domain, and we just need to define RSSI. When resources for RSSI measurement are discussed in multiple TRx beam scenario, some points should be taken into consideration, and is given as follows.

· Measurement window for RSSI

Since RSSI should be measured with same Rx beam with RSRP according to agreement in last meeting, RSSI should be also measured in beam-swept way and be selected based on RSRP report. It means that measurement window (configured with measurement gap) should be configured for resources for RSSI measurement in multi-beam scenario. However, additional measurement gap for RSSI is too redundant, and it is desirable that measurement resources for RSSI is confined within measurement gap for RSRP.
· Measurement resource within measurement window

Once measurement window is configured for RSRP and RSSI measurement, it should be determined which resources are used for RSSI measurement. Generally, RSRQ measurement is configured in order to reflect channel quality in addition to channel strength. For the purpose of channel quality measurement, two aspects could be considered for RSSI measurement resources. 
1) Less fluctuation in measurement results : In multi-beam scenario, the received power might be seriously fluctuated due to dynamic scheduling in spatial domain. In order to suppress the large fluctuation, it is preferable that RSSI is measured over as many transmission beams as possible and RSSI measurement slots within measurement window is configured to be SSB transmission duration.
2) Traffic load : The above configuration has a drawback from the perspective of RSRQ reflecting traffic load. Therefore, in order to measure RSSI with consideration of real traffic load, the measurement slots for RSSI should be located outside of SSB transmission duration.
Taking into consideration two contradictory requirement, it is desirable that measurement slot is explicitly configured by RRC signalling. That is, in case of highly loaded environment (e.g. crowded downtown, sports stadium), the measurement configuration could indicate actual transmitted SS/PBCH blocks as RSSI measurement resources in order to reflect full traffic load. On the contrary, in case of dynamic load environment, the slot not including SS/PBCH block might be included in RSSI measurement resources. In summary, it is proposed that the RSSI measurement resources is explicitly configured at most in half slot level within measurement window like SMTC or CMTC, and any compressed signalling method like actual transmitted SS/PBCH signalling (e.g. group bitmap & slot bitmap within a group) could be considered in order to reduce signalling overhead.
Proposal 1. Measurement slot (slot or half slot level) within measurement window is explicitly configured for network flexibility.

· Measurement symbols within measurement slot

In NR system, slot format could be dynamically or semi-statically configured, and slots within SMTC or CMTC can be also used as DL/UL slot, DL only slot or UL only slot (where UL only slot is located outside of SSB transmission duration). Based on the possibility of dynamic slot format within measurement window, it was discussed whether or not symbols for UL transmission is used RSSI measurement in last meeting.
In general, DL/UL slot configuration in TDD system is aligned between adjacent cells in order to avoid cross-link interference. Therefore, since RSRQ represents downlink traffic quality, only downlink symbols within a certain slot is suitable for RSSI measurement (UL only slot can be excluded by measurement slot configuration mentioned in above). On the contrary, if different DL/UL slot configuration between cells can be considered, both downlink and uplink symbols within a slot can be used for RSSI measurement. Reflecting this situation, it is preferable that measurement resource in symbol level within configured slots could be explicitly configured. It needs to be studied whether or not the resource configuration is common to all configured slots.
Proposal 2. Resource configuration in symbol level within configured slots is explicitly configured with 1 or 2 bits considering whether or not slot configuration is aligned between adjacent cells.
2.2. Resources of interference measurement

For high quality cell quality, RS-SINR, measurement, interference (including AWGN) should be measured. Simply, interference could be measured in subtraction-base (subtraction of wanted signal from received signal). In this case, RSRP measurement resource could be naturally used as resources for interference measurement. However, interference measured by subtraction-based operation might correspond to only interference experienced by SS/PBCH block or CSI-RS, not PDSCH. In order to measure interference for PDSCH, it could be taken into consideration that ZP-CSI-RS is configured as interference measurement resources for RS-SINR.
Proposal 3. By default, resources for interference measurement of RS-SINR is same with resources for RSRP measurement. For the further optimization, ZP-CSI-RS could be taken into consideration as interference measurement resources for RS-SINR.

3. SS/PBCH block based measurement configuration
3.1. Power offset between SSS and PBCH DM-RS
In NR AH #2 meeting, it was determined that power offset of PBCH DM-RS to SSS is a fixed value defined in specification. In order to determine the value, we need to discuss the usage of resource elements not to be used as SS and PBCH in a SS block. 

If it is described in the specification that the null REs in a SSB are not used for any other channel, it is preferable that the power for the REs is used for SS (that is, it is used for SS power boosting). In this case, power offset of SSS to PBCH DM-RS can be determined to be 3.5dB if any other scheme (e.g. PBCH DM-RS power boosting) is not considered. However, the null REs in a SSB are considered as resources for other channels, the power boosting for SS becomes just an implementation issue and it is appropriate that 0 dB is determined as the power offset value.
The number of the REs not used for SS/PBCH within SS/PBCH block is 288, and it is wasteful not to use the REs for various channels (e.g. some REs for PDSCH, paging indicator, etc). Therefore, it can be proposed that the REs not used for SS/PBCH within SS/PBCH block are used as resource for some channel and the power offset of SSS to PBCH DM-RS is fixed to 0dB. In this case, the power boosting of SS for coverage enhancement is an implementation issue of gNodeB.
Proposal 4. Power offset of PBCH DM-RS to SSS is fixed to 0dB. 
3.2. Measurement subset of candidate SS/PBCH blocks 
In last meeting, it was determined that single (SS/PBCH block-based) measurement window would be constructed regardless of multiple measurement periodicity. In addition to basic configurable parameters, information on actual transmitted SSB (for neighbour cells, it is used as an information on measurement subset of candidate SSBs) needs to be configured for UE complexity mitigation. 
For idle mode, information on measurement subset of SSBs for RRM measurement is sent to UEs as a configuration parameter of SSB-based measurement, for which per-frequency configuration could be provided. This information can be transferred through OSI (measurement configuration for cell selection & re-selection). In addition, information on measurement subset of SSBs for the cell UE is camping on might be additionally needed for optimization of measurement operation for the cell, and the information on actual transmitted SSB included in RMSI might be reused as the measurement subset.
For connected mode, information configured in idle mode could be used as default values and additional information could be configured per-cell for both serving cell and neighbour cell together with measurement periodicity. For serving cell, it could be configured with full information (e.g. 64 bit bitmap information for L=64) for optimization of measurement operation in terms of UE power consumption. For neighbour cells, per-frequency configuration for measurement subset of SSBs would be signalled as default configuration and per-cell configuration could be additionally provided for power optimization unless signalling results in large overhead. If per-cell configuration is possible, it would be transmitted in compressed form for minimization of signalling overhead, like actual transmitted SS/PBCH block indication in RMSI.
Proposal 5. For measurement subset of SS/PBCH blocks for neighbour cell measurement, default configuration is provided by system information (in case of idle mode) and RRC signalling message (in case of connected mode). If possible, per-cell configuration could be signalled for more optimization of UE power consumption.
4. CSI-RS based measurement configuration
4.1. CSI-RS resource & measurement configuration

In last meetings, it has been discussed that design of CSI-RS for RRM measurement would be reused with CSI-RS for beam management. According to the discussion, basic resource configuration (e.g. port number, resource density, the number of OFDM symbols per CSI-RS resource, whether to be configurable or not, etc) will be determined based on the conclusion on BM CSI-RS. In addition to CSI-RS resource configuration mentioned in above, parameter related to RRM measurement will be discussed in next section.
4.1.1. Periodicity
During the discussion on the periodicity of SSB for mobility, the periodicity set of SSB was determined to be {5ms, 10ms, 20ms, 40ms, 80ms, 160ms}. CSI-RS would be used as a complementary RS to SSB for support of stable mobility in case of longer periodicity of SSB as well as for mobility in fine beam level. Therefore, the longer periodicity of CSI-RS might not be needed, and it is proposed that {5ms, 10ms, 20ms, 40ms} is used as the periodicity set of CSI-RS for RRM measurement. Measurement periodicity is configured per resource by CSI-RS resource configuration in UE-dedicated signalling message, at least for intra-frequency measurement.
Parameter 1: {5ms, 10ms, 20ms, 40ms} can be configured for the periodicity of CSI-RS, and {80ms, 160ms} is not supported for mobility measurement based on CSI-RS. 
4.1.2. Measurement bandwidth 
In LTE system, CRS is used for RRM measurement and the measurement bandwidth for CRS is configured because the system bandwidth of neighbour cell may be different with serving cell. However, it does not mean that UE does not fully use CRS over measurement bandwidth in order to minimize UE complexity to the extent that it meets the minimum performance requirement. With same strategy in NR system, measurement bandwidth of CSI-RS to be applied for all neighbour cell can be configured through UE-dedicated RRC configuration message and is common to all CSI-RS resources. From the perspective of UE, the information means the maximum allowed measurement bandwidth like LTE and it is an implementation issue how much the bandwidth of CSI-RS is actually used for measurement by UE if the measurement results meet the performance requirement. 
In addition to measurement bandwidth, frequency location of measurement band needs to be discussed. Generally, since system bandwidth of each cell is same with adjacent cells, it is expected that CSI-RS is transmitted over whole system bandwidth in order to support CSI-RS measurement of every UE regardless of frequency location of configured BWP. However, if some gNodeBs is configured to have different bandwidth with the same center frequency due to power saving or different UE load (as shown in below table about intra/inter-frequency measurement definition, if center frequency of CSI-RS resources is different, it means inter-frequency measurement), the measurement bandwidth might be configured to be less than system bandwidth. In this case, BWP of some UEs might be partly overlapped with whole CSI-RS resources, and the UEs should know how the CSI-RS resources is overlapped with BWP. For this operation, gNodeB should indicate the starting or ending RB position of CSI-RS resource within the configured BWP (or whole system band) through RRC signalling.
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Parameter 2: (Maximum allowed) Measurement bandwidth, {5~100MHz for B6G / 50~400MHz for A6G}, of CSI-RS is signalled by UE-dedicated RRC message in common to all CSI-RS resources. If the measurement bandwidth is partly overlapped with the active BWP, the starting or ending RB position of measurement band within active BWP (or whole system band) is included in configuration information.
4.1.3. Numerology of CSI-RS
Basically it is beneficial that sub-carrier spacing of CSI-RS is based on SCS of data channel in order to facilitate resource assignment, but SCS of data channel in neighbour cell might not be possibly same with serving cell. Therefore, sub-carrier spacing of CSI-RS may be semi-statically configured per cell or per frequency with RRC configuration message. According to the RAN4 agreement shown in above, measurement for the cell with different sub-carrier spacing corresponds to inter-frequency measurement. Therefore, it could be concluded that the configuration of SCS of CSI-RS is given per frequency (per measurement object).
Parameter 3: Symbol duration of CSI-RS is based on SCS of data channel and it is configured per frequency through RRC signalling message. : {15, 30, 60kHz} for B6G, {60, 120kHz} for A6G
4.1.4. Resource configuration and RE mapping
For intra-frequency measurement, information on CSI-RS resource should be configured per resource for efficient resource usage, and consists of time and frequency resource information. Information for time resource can be given as absolute symbol position based on SFN, frame and slot boundary for each target cell, which are determined by SSB timing information. Information for frequency resource consists of starting RB position within bandwidth part (if measurement bandwidth is less than bandwidth of active BWP), RE density (if not fixed in spec.) and RE position within a RB.

Parameter 4. For intra-frequency measurement, information on CSI-RS resource should be configured per resource for efficient resource usage, and consists of time and frequency resource information.

· Timing information : absolute symbol position based on SFN, frame and slot boundary for target cell & periodicity
· Frequency information : starting RB position within BWP, [RE density] and RE position within a RB

.

As mentioned in above, time information for CSI-RS resource is based on SFN, frame and slot boundary, which can be obtained by decoding PBCH, at least for above 6GHz frequency band. However, in case of inter-frequency measurement, PBCH performance could not be guaranteed because full combining for HARQ might be not possible depending on measurement gap configuration. Therefore, it might occur that UE could not derive symbol position for CSI-RS resources regardless of CSI-RS resource configuration unless CSI-RS resource is confined within symbols for QCLed SSB. Based on the discussion, it is proposed that CSI-RS-based RRM measurement is allowed only for the case that time resource for CSI-RS is configured within symbols of QCLed SSB for inter-frequency measurement. 
Proposal 6. At least for inter-frequency measurement, CSI-RS-based RRM measurement is allowed only for the case that time resource for CSI-RS is confined within symbols of QCLed SS/PBCH block. Otherwise, CSI-RS-based RRM measurement should not be configured at least for above 6GHz.
4.1.5. QCL information and Contents of measurement report

CSI-RS does not have self-synchronization property and needs physical cell ID in order to obtain time location of CSI-RS resources. In addition, since SSB might be helpful to alleviating UE complexity for RRM measurement, and it is preferable that spatial QCL information with SSB is given as a configuration parameter. In summary, QCL information should include information on which SSB CSI-RE resources are spatially QCLed as well as PCID for timing synchronization, and it is configured per resource.

Parameter 5: Information on spatially QCLed SSB index is configured together with PCID, and it is per-resource information.
4.1.6. Parameters of scrambling sequence

Basically, scrambling sequence for CSI-RS could be initialized by virtual cell ID and virtual cell ID can be allocated to CSI-RS resource by gNodeB according to cell deployment, where beam or TRP information can be included in virtual cell ID. Based on the assumption, over 10-bit scrambling ID can be used for initialization of CSI-RS scrambling sequence and it is configured per resource through RRC message. Additionally, slot information can be considered as initialization information of sequence for interference randomization.

Parameter 6-1: At least over 10-bit scrambling ID can be configured per resource for initialization of CSI-RS scrambling sequence.
In wideband CC scenario, it might be expected that CSI-RS shared by UEs is allocated over whole bandwidth in a network perspective. In this scenario, narrowband UEs could show a part of the CSI-RS sequence and use only the part for neighbour cell measurement. Therefore, additional information as well as the initialization information of sequence generator may need to be signalled, which corresponds to the information for sequence-to-RE mapping. 
As the first point of discussion, we need to define reference point (the RB position where the first bit generated from sequence generator is mapped) for sequence-to-RE mapping. For example, assume that CSI-RS sequence generator is initialized with cell ID-related information for sequence discrimination. In this case, if CSI-RS sequences generated for cells with different bandwidth and different center frequency is mapped to RBs within system bandwidth of each cell, it would not be guaranteed that two sequences between cells is not colliding. Therefore in order to avoid sequence collision, common reference position for CSI-RS sequence-to-RE mapping among cells needs to be defined, which is shown in figure 1. In figure 1, each cell has different system bandwidth and different center freqeuency, and reference RB position is set to the first RB position within whole system bandwidth of operator. For cell A (serving cell of target UE), the reference RB is not the actual resource block used for transmission of cell A and corresponds to the virtual resource block for sequence-to-RE mapping.
· Reference point for sequence generation is set to the (virtual) first RB in the whole system bandwidth operated by network, which is common to all neighbour cells regardless of bandwidth of each neighbour cell.
Next, as discussed in above, the information on the location of measurement bandwidth (or active BWP) within the whole system bandwidth should be signalled to UE, and UE can determine which part of CSI-RS sequence can be used for RSRP measurement based on the signalling information. For the full information of measurement band configuration, the system bandwidth and the center frequency of system band of the serving cell and the frequency location of configured BWP (and measurement band within configured BWP) could be provided and they are used for CSI-RS sequence generation in UE. However, if the information is used only for CSI-RS sequence generation, the full information is too redundant and it is enough to signal only the starting RB offset to the reference RB point for CSI-RS sequence of configured BWP (or measurement band within configured BWP). In this situation, considering support of multiple numerology in NR system, starting RB offset value might depend on the numerology. Therefore, it seems more general that the starting RB offset is expressed as sequence offset for sequence generation, which is shown in figure 1.
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Figure 1. Configuration of measurement band and CSI-RS sequences
Parameter 6-2: The (virtual) first RB position within the whole system bandwidth is used as reference point for CSI-RS sequence generation and RE mapping, which is common to serving and all neighbour cells. Based on the reference RB position, sequence offset is signalled to UE for CSI-RS sequence generation.
Proposal 7. As configuration parameters for CSI-RS-based measurement, candidate values and signalling method is given in below table 
	Parameters
	Signalling method
	Candidate values

	Periodicity
	Per frequency
	{5ms, 10ms, 20ms, 40ms}

	Measurement bandwidth
	Per frequency
	{5~100MHz} for B6G / {50~400MHz} for A6G

	Sub-carrier spacing
	Per frequency
	{15, 30, 60kHz} for B6G / {60, 120kHz} for A6G

	Time/Freq. resources
	Per resources
	Symbol position 

Starting RB position, RE density, RE position

	QCL information
	Per resource/resource group
	Time reference : PCID {0~1007}
Spatially QCL : SSB ID {0~63}

	Sequence
	Per resource
Per frequency
	Initialization information : Over 10bits

RE mapping : Sequence offset


4.2. Restrictions of CSI-RS resources for mitigation of UE complexity 

NR system might be deployed with lots of beams or TRPs for supporting large number of UEs per cell, coverage enhancement in high frequency band and throughput enhancement. As the number of beams (including TRP) increase and beam width becomes narrower, the performance (in terms of coverage, throughput, the number of UE to be supported) is expected to improve. Contrary to the benefits from narrow beam, the number of CSI-RS resource for RRM measurement has a big impact on UE complexity. And limiting the number of CSI-RS resources for mobility measurement needs to be discussed.
Based on agreement made so far, the maximum number of SS/PBCH blocks supported in NR is 64. With an assumption of maximum number of beams (when 64 SS/PBCH blocks is spatially multiplexed over all direction), beam width of each beam would correspond to about 6 degree and the beam resolution of each SS/PBCH block for RRM measurement seems to be high enough to support mobility. Similarly to SS/PBCH block, sufficient dense beams within a cell could be formed with 64 CSI-RS resources. Therefore, when a cell is deployed with 64 SS/PBCH blocks (transmission beams), CSI-RS resource could be used for transmission with small periodicity. On the other side, the scenario that a lot of TRP (e.g. 16 TRPs / 8 beams per TRP) are allocated with in a cell can be considered, where 64 CSI-RS resources might not be large enough to support CSI-RS-based RRM measurement. In this case, CSI-RS resources can be reallocated between cells being far from each other. Based on the discussion, it is proposed that the maximum number of CSI-RS resources per cell is limited to [64] for mitigation of UE complexity.
Proposal 8. For mitigation of UE complexity, the maximum number of CSI-RS resources per cell is limited to [64].
4.3. Resource configuration in CDRX mode 
In DRX mode, UE tries to operate (e.g. PDCCH reception, tracking operation, RRM measurement including RLM and neighbour cell measurement, etc) for as short duration as possible in order to minimize UE power consumption. For this operation in C-DRX mode, CSI-RS resource configuration and UE measurement operation in CDRX mode was discussed in last meeting, and it was agreed that UE is not required to measures CSI-RS outside the active time. However, we did not reach any conclusion on CSI-RS resources configuration and UE operation for other time region. 
As mentioned in above, UE generally tries to stay awake for as short time as possible in CDRX mode. However, if it is determined that measurement results for serving cell after waking up is not good or beam tracking for neighbour cell is needed (which is a choice according to UE implementation), it might be beneficial that UE does not enter sleep mode and needs to keep measuring CSI-RS while changing receiver beam. Therefore, for stable connection, network needs to configure same CSI-RS periodicity with non-CDRX mode and UE performs RRM measurement outside active time whenever necessary. In conclusion, we propose that same periodicity of CSI-RS resources is kept in CDRX mode and it is up to UE implementation that UE measure CSI-RS resources of neighbour cell even outside active time.
Proposal 9. UE assumes that the periodicity of CSI-RS resources before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time.

5. Conclusion
In this contribution, we discussed RRM measurement configuration for both idle mode and connected mode, and our proposals are given as follows:
RSSI measurement resources
Proposal 1. Measurement slot (slot or half slot level) within measurement window is explicitly configured for network flexibility.
Proposal 2. Resource configuration in symbol level within configured slots is explicitly configured with 1 or 2 bits considering whether or not slot configuration is aligned between adjacent cells.

Proposal 3. By default, resources for interference measurement of RS-SINR is same with resources for RSRP measurement. For the further optimization, ZP-CSI-RS could be taken into consideration as interference measurement resources for RS-SINR.

Configuration of SS-PBCH block-based measurement
Proposal 4. Power offset of PBCH DM-RS to SSS is fixed to 0dB. If the power boosting of SS and PBCH DM-RS is considered for coverage enhancement, it is just an implementation issue of gNodeB.
Proposal 5. For measurement subset of SS/PBCH blocks for neighbour cell measurement, default configuration is provided by system information (in case of idle mode) and RRC signalling message (in case of connected mode). If possible, per-cell configuration could be signalled for more optimization of UE power consumption.

Configuration of CSI-RS-based measurement
Proposal 6. For inter-frequency measurement, CSI-RS-based RRM measurement is allowed only for the case that time resource for CSI-RS is confined within symbols of QCLed SSB. Otherwise, CSI-RS-based RRM measurement should not be configured at least for above 6GHz.
Proposal 7. As configuration parameters for CSI-RS-based measurement, candidate values and signalling method is given in below table 
	Parameters
	Signalling method
	Candidate values

	Periodicity
	Per frequency
	{5ms, 10ms, 20ms, 40ms}

	Measurement bandwidth
	Per frequency
	{5~100MHz} for B6G / {50~400MHz} for A6G

	Sub-carrier spacing
	Per frequency
	{15, 30, 60kHz} for B6G / {60, 120kHz} for A6G

	Time/Freq. resources
	Per resources
	Symbol position 
Starting RB position, RE density, RE position

	QCL information
	Per resource/resource group
	Time reference : PCID
Spatially QCL : SSB ID

	Sequence
	Per resource
Per frequency
	Initialization information : Over 10bits
RE mapping : Sequence offset


Proposal 8. The maximum number of CSI-RS resources per cell is set to [64] for mitigation of UE complexity.
Proposal 9. UE assumes that the periodicity of CSI-RS resources before entering C-DRX mode is kept during C-DRX mode, and it is up to UE implementation that UE measures CSI-RS resources of neighbour cell even outside active time.
6. Reference

[1] RAN1 #90 Chairman’s notes
[2] RAN1 NR AH#3 Chairman’s notes
Intra-frequency measurement: The UE can be configured to perform an intra-frequency measurement on SS block signals and/or on CSI-RS resources. The SS block based and CSI-RS based intra-frequency measurements are defined below:


A SSB based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are the same.


A CSI-RS based measurement performed by the UE on a neighbour cell is called as an intra-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement on the neighbour cell are the same.


Inter-frequency measurement: The UE can be configured to perform an inter-frequency measurement on SS block signals and/or on CSI-RS resources. The SS block based and CSI-RS based inter-frequency measurements are defined below: 


A SSB based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the SS block used for measurement on the serving cell and the center frequency of the SS block used for measurement on the neighbour cell are different. 


A CSI-RS based measurement performed by the UE on a neighbour cell is called as an inter-frequency measurement provided that the center frequency of the CSI-RS resources configured for measurement used for measurement on the serving cell and the center frequency of the CSI-RS resources configured for measurement used for measurement on the neighbour cell are different. 


Scenario with Multiple SS Blocks in Serving Cell: If the serving cell of the UE transmits multiple SS blocks then the UE should be configured with a reference SS block in the serving cell for performing SSB based intra-frequency measurements.








