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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In the last meeting, four measurement quantities are introduced to NR: SS block based RSRQ, SS block based RS-SINR, CSI-RS based RSRQ, and CSI-RS based RS-SINR. The following agreements on measurement for L3 mobility have been made in RAN1 [1].
	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

Agreements:
· CSI-RSRP measurement quantity should be defined per configured CSI-RS port



In this contribution, the properties of measurement quantities are provided. Besides, the timing reference point of time offset of CSI-RS measurement is discussed.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Discussion on Measurement Quantity
In this section, we discuss the definition of RSRP and newly introduced measurement quantities: 
· L1-RSRP
· SS block based RSRQ
· SS block based RS-SINR
· CSI-RS based RSRQ
· CSI-RS based RS-SINR
L1-RSRP measurement for beam management and RRM
L1-RSRP measurement can be used for both beam management and RRM, but there could be some differences between these two purposes. For beam management, short latency is preferred, and it could prefer only one measurement sample for deriving L1-RSRP. For RRM, the L1-RSRP could be linearly averaged by several measurement samples. Therefore, L1-RSRP for beam management and RRM could have different measurement requirements. 
Observation 1: L1-RSRP for beam management and for RRM could have different number of measurement samples and evaluation period.
Beside, for beam management, SS block based RSRP can optionally consider joint SS block and CSI-RS measurement for L1-RSRP reporting. However, for such purpose, additional works need to be discussed, e.g. whether or not and how to signal the power difference between SSB and CSI-RS.

UE RX beam for RSRP definition
One remaining issue on RSRP definition is how to treat UE RX beam. However, RAN4 has discussed this aspect and has sent out LS to RAN1 [2].  
Proposal 1: The RSRP definition with RX beam is left for RAN4 to decide. 


SS Block based RSRQ
RAN1 had already agreed that SS block based RS-SINR is at least based on SS block RSRP. But it is now unclear where and how UE can measure RSSI. There are at least 3 options to be considered here.
· Option 1: RSSI is measured right on the REs occupied by the SS block (SSS and or PBCH DMRS)
· Option 2: RSSI is measured by extending the measurement bandwidth of a SS block
· Option 3: RSSI is measured by extending the measurement duration to the OFDM symbols without SS block
In our previous paper [1], we analyzed above 3 options. Option 1 is not preferred, because the interference behavior has nothing to do with cell loading, and SS block is always-on with a given sweeping pattern, so the interference experiencing in SS block could be different from that in data transmission. Option 2 is also not preferred, because of more UE power consumption in IDLE mode and analog beamforming constraint. Therefore, we suggest Option 3 to be used for RSSI measurement. 
[bookmark: _Ref492492573]Proposal 2: RSSI for SS block based RSRQ is measured by extending the duration in time to include the contribution of OFDM symbols without SS block.

As for Option 3, RSSI can be measured on DL symbols within SS burst (e.g. DL control symbols) or outside SS burst. The illustration is shown in Figure 1. Concerning dynamic beamforming behavior on the control and data channels, it is natural to average received power over DL symbols of measurement subframes to derive a RSSI for a given frequency layer. This RSSI is neither beam-specific nor cell-specific, because RSRQ of different beams/cells in a frequency layer will share the same RSSI measurement, and it is beneficial for consolidating beam-level RSRQ into a single cell-level RSRQ.
The time location (subframes or slots) of RSSI measurement can be either selected by UE or indicated by higher layers (e.g. RSSI measurement timing configuration, RMTC). Regarding the inter-frequency measurement, where the measurement gap is needed, the RMTC should be confined inside the measurement gap.
One open issue is whether the RSSI should include the contribution of SS blocks from both serving and neighboring. Since SSB are broadcast signals, it has nothing to do with cell loading. Nevertheless, it can still provide some information about the interference level. We believe that either way should be allowed based on network’s implementation and preference. Therefore, it could be left to network implementation. Depending on the detail configuration of RMTC, the OFDM symbols carrying SS blocks can be included or not. 
[bookmark: _Ref492492575]Proposal 3: UE follows network’s indication of RMTC when measuring RSSI. 



[bookmark: _Ref490049564]Figure 1. Symbols and slots available for RSSI mmeasurement 

SS Block based RS-SINR
RAN1 had already agreed that SS block based RS-SINR is at least based on SS block RSRP. The open issue is how the interference part is to be measured. It is not preferred to follow the same definition of RSSI as discussed above, which makes RS-SINR no different to RSRQ. In our opinion, the interference power can be calculated by subtracting the signal contribution of SSS from the received signal on those SSS REs. Since SSS has a highest density in frequency, the channel estimation and noise estimation performance should be good enough to get accurate result.
[bookmark: _Ref492492577]Proposal 4: The interference part of SS block based RS-SINR is measured by subtracting SSS contribution from the received signal on those SSS REs

CSI-RS based RSRQ
CSI-RS based RSRQ is not introduced in LTE. RAN1 had already agreed that CSI-RS based RSRQ is at least based on CSI-RSRP. The open issue is how the interference part is to be measured. 
In our opinion, we can follow similar definition as the RSSI for SS block based RSRQ. In time domain, it can be defined based on an RMTC which could be independent to that for SS block. In frequency domain, the bandwidth can be exactly the same as the number of PRBs occupied by the CSI-RS on which UE measures the RSRP.
[bookmark: _Ref492492580]Proposal 5: The interference part of CSI-RS based RSRQ is measured based on the time duration indicated by RMTC and the same bandwidth as the CSI-RS RSRP.

CSI-RS based RS-SINR
Similar to CSI-RS based RSRQ, CSI-RS based RS-SINR is not introduced in LTE, RAN1 had already agreed that CSI-RS based RS-SINR is at least based on CSI-RSRP, and the open issue is how the interference part is to be measured. 
Unlike SSS which has a high density in frequency, CSI-RS density could be low. As we know, if the density is low, e.g., D=1, the interference estimation performance is problematic. To accommodate the uncertainty of different densities, it is better to configure additional resource for interference measurement, e.g., interference measurement resource (IMR). With IMR configured, UE simply measures RSRP based on CSI-RS and interference based on IMR to derive RS-SINR. From UE’s point of view, we prefer IMR to have the same measurement bandwidth as CSI-RS and also prefer the OFDM symbols carrying IMR are closed to the symbols carrying.
[bookmark: _Ref492492583]Proposal 6: The interference part of CSI-RS based RS-SINR is measured based on IMR. 

Regarding the UE RX beam for RSRQ/RS-SINR measurement, it is natural to perform the signal and interference measurements of a given measurement quantity by using the same RX beam. 
Observation 2: The signal and interference measurements of a given measurement quantity may be performed by using the same RX beam

The properties of above measurement quantities are summarized in Table 1. 


Table 1. Properties of Measurement Quantities
	Measurement Quantity
	Numerator – signal part
	Denominator – interference measurement

	SSB RSRQ
	SSB RSRP
	SSB RSSI 
· Frequency: Same bandwidth as SSS
· Time: a specific duration indicated by network
· Per-frequency (no definition for per-beam or per-cell)

	SSB RS-SINR
	SSB RSRP
	Interference contribution on SSS RE (i.e. subtracting the signal contribution of SSS from the received signal on those SSS REs)
· Frequency: Same bandwidth as SSS
· Time: Same symbol as SSS
· Per-beam

	CSI-RS RSRQ
	CSI-RS RSRP
	CSI-RS RSSI 
· Frequency: Same bandwidth as CSI-RS (including non-CSI-RS REs)
· Time: a specific duration indicated by network
· Per-frequency (no definition for per-beam or per-cell)

	CSI-RS RS-SINR
	CSI-RS RSRP
	Interference contribution on IMR
· Frequency: as indicated by IMR, and with same bandwidth as CSI-RS
· Time: as indicated by IMR
· Per-beam



CSI-RS Measurement Configuration Remaining Issues 
For CSI-RS measurement, UE needs SS block to provide cell detection and course synchronization of the timing and frequency. Besides, UE needs SS block to provide TTI reference in order to measure CSI-RS, as agreed in in RAN1#88 meeting, as captured below. 
	Agreements:
· The time synchronization reference for a CSI-RS for L3 mobility is the frame/slot/symbol timing of a cell.
· Note: The frame/slot/symbol timing of the cell can be obtained from an SS block
· FFS: Note: timing synchronization between CSI-RS and SS block of the cell is assured. Timing synchronization refers to frame/slot/symbol timing.
· NR cell ID for time reference of CSI-RS(s) is informed to the UE



In the current RRC parameter, the timing configuration of CSI-RS is captured in slotConfig, which contains periodicity and slot offset for periodic/semi-persistent CSI-RS. One remaining issue is the timing reference point of this slot offset, should it be based on serving cell or neighbouring cell. 
However, if this slot offset is based on neighbouring cell’s radio frame boundary, it will require UE to decode PBCH of neighbouring cell for SFN in some scenario. E.g. For CSI-RS with 20 ms periodicity, UE needs to know the SFN to locate the timing location of CSI-RS, which could show up only in odd or even radio frames. In the synchronized network, UE is able to know the SFN by decoding PBCH of serving cell. Nevertheless, in the asynchronized network, it could require UE to decode PBCH of neighbouring cell, so other alternatives should be discussed.   
Proposal 7: In the synchronized network, the slot offset of CSI-RS is based on serving cell for intra-/inter-frequency measurement. FFS asynchronized network.
Regarding the configuration of CSI-RS, confining CSI-RS for L3 mobility for one cell in one slot could be with shorter measurement window, and it is beneficial for UE power consumption.
Proposal 8: For one cell, all CSI-RS resources for L3 mobility are confined to one slot.

Regarding the design of CSI-RS, both 1 port CSI-RS and 2 ports CSI-RS are used for beam management, and one of them will be down-selected for L3 mobility. Because 1 port CSI-RS could be with D>1 and it has better performance on measurement accuracy, 1 port CSI-RS for L3 mobility is preferred. 
Proposal 9: Design of 1 port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility

Regarding the maximum number of CSI-RS resources in total for L3 mobility that can be configured to a UE, the CSI-RS resources should at include at least sequences/scrambling, time and frequency resources, and it would be irrelevant to UE capability. The number of CSI-RS resources to be measured by UE depends on UE capability, and RAN4 will decide how many CSI-RS resources UE should measure.  
Observation 3: The number of CSI-RS resources to be measured by UE depends on UE capability

Conclusion
In this contribution, we provided more discussion on aspects related to RRM measurement quantity and CSI-RS measurement. Based on the discussion, the following proposals are given for consideration.
Observation 1: L1-RSRP for beam management and for RRM could have different number of measurement samples evaluation period.
Proposal 1: The RSRP definition with RX beam is left for RAN4 to decide.
Proposal 2: RSSI for SS block based RSRQ is measured by extending the duration in time to include the contribution of OFDM symbols without SS block.
Proposal 3: UE follows network’s indication of RMTC when measuring RSSI. 
Proposal 4: The interference part of SS block based RS-SINR is measured by subtracting SSS contribution from the received signal on those SSS REs
Proposal 5: The interference part of CSI-RS based RSRQ is measured based on the time duration indicated by RMTC and the same bandwidth as the CSI-RS RSRP.
Proposal 6: The interference part of CSI-RS based RS-SINR is measured based on IMR. 
Observation 2: The signal and interference measurements of a given measurement quantity may be performed by using the same RX beam
Proposal 7: In the synchronized network, the slot offset of CSI-RS is based on serving cell for intra-/inter-frequency measurement. FFS asynchronized network.
Proposal 8: For one cell, all CSI-RS resources for L3 mobility are confined to one slot.
Proposal 9: Design of 1 port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
Observation 3: The number of CSI-RS resources to be measured by UE depends on UE capability
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