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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In both RAN1 and RAN4 NR#3 meetings, there are some discussions on RSSI for SS blocks with some open issues left. More specifically, the time domain and frequency domain definition of RSSI is still not concluded yet. In this paper, we provide our view on the definitions of RSSI from both time and frequency domains in the section 2 and section 3, respectively. Besides, some remaining issues on CSI-RS measurement configuration are discussed in section 4.
The following RAN1 agreements on measurement for L3 mobility are listed as below [1].
	
Agreements in R1-NR#3 
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

Agreements in R1-90
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 

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




RSSI Definition in Time Domain
The main issues on RSSI definition in time domain are whether RSSI should be measured only on DL symbols/part and how to indicate RSSI measurement resource in time domain. 
The main functionality of RSSI measurement is to reflect cell loading and interference level, so it is beneficial to include data symbols outside SS block, as addressed in our previous paper [1]. However, one open issue is whether the RSSI is measured only on DL part of a given duration. There could be two alternatives to perform RSSI measurement in time domain, as addressed in RAN1 agreement [2]: 
· 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
Accordingly, there could be several alternatives to indicate the RSSI measurement resource, as addressed in RAN1 agreement [2]: 
· 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, it should consider applicability of these alternatives for inter & intra frequency measurements, IDLE & CONNECTED mode and initial cell selection.
It is natural to measure RSSI based on only DL part, because if UL part is also included in the RSSI measurement, it makes RSSI less accurate to represent DL cell loading and interference. Nevertheless, the timing location of UL part could be very dynamic, because actually transmitted SS blocks, SS block location, slot format, and subcarrier spacing may not be the same for all frequency layers. Dynamic TDD and mini-slot could be applied. Moreover, the number of symbols for DL control channel is also dynamic.  
Although UE could know the frequency location and SMTC of neighboring cells from the system information of its camped/serving cell, it is insufficient to indicate the UL parts of neighboring cells, especially for inter-frequency measurement. UL part of neighboring cells could be very dynamic, so it is challenging to carry an  exact indication of the time location for UL parts of neighboring cells in SI, especially for inter-frequency measurement. 
[bookmark: _Ref494462746]Observation 1: The timing location of UL parts of cells could be dynamic. It is challenging to carry an exact indication of the time location for UL parts of neighboring cells in system information, especially for inter-frequency measurement.
On the other hand, typically UE does not read system information of all neighboring cells, because most of them are not UE’s target cell and reading a lot of system information may significantly increases UE power consumption. Therefore, it is challenging for UE to know the exact UL parts of neighboring cells, especially for inter-frequency measurement. 
[bookmark: _Ref494462752]Observation 2: It should not mandate UE to read system information of neighboring cells for intra-/inter-frequency measurement.
Based on the above observations, it is not preferred the RSSI measurement resource is either detected by UE itself (Alt .c) or implicitly derived by SI (Alt. d).
[bookmark: _Ref494462756]Observation 3: It is not preferred the RSSI measurement resource is either detected by UE itself or implicitly derived by system information.
In IDLE mode, the power consumption is the major concern and UE will not read system information of all neighboring cells for cell selection/reselection. And in IDLE mode, the cell loading has less impact on paging reception, comparing to data reception in CONNECTED mode. Therefore, in our view, the RSSI resource should be predefined in the specification (Alt. a), and UE may not know whether the RSSI resource is DL or UL.  From UE’s prospective, RSSI is measured without considering whether the resource is DL or UL (Alt. 1).
[bookmark: _Ref494462760]Observation 4: UE may not know whether the RSSI resource is DL or UL.
[bookmark: _Ref494462767]Proposal 1: In IDLE mode, UE should perform RSSI measurement according to predefined resource in specification, without considering whether the resource is DL or UL.

In CONNECTED mode, RRC signaling is available to provide more detail information, and network could have better knowledge on UL parts of neighboring cells and its impact. Therefore, in CONNECTED mode, RSSI measurement resource in time domain can be configured by network (Alt. 2). The RSSI measurement resources 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. However, UE may not know whether the RSSI resource is DL or UL.
[bookmark: _Ref494462800]Observation 5: Network could have better knowledge on UL parts of neighboring cells and its impact. 
[bookmark: _Ref494462806]Proposal 2: In CONNECTED mode, RSSI measurement resource in time domain can be configured by network.



[bookmark: _Ref490049564]Figure 1. RSSI measurement resource in time domain can be configured by network in CONNECTED mode

RSSI Definition in Frequency Domain
The main issue on RSSI definition in frequency domain is whether wideband (WB) RSSI should be introduced for SS block based RSRQ. In the following, we denote narrowband (NB) RSSI as the RSSI measured based on the same bandwidth (BW) as SSB and denote WB RSSI as the RSSI measured based the BW larger than the BW of SSB. In below, we provide our discussion.
· Since UE anyway needs to measure SSB RSRP, the extra complexity to support NB RSSI is not large.
· WB RSSI demands high UE power consumption. Higher sampling rate is required to process wider BW signals, while the power consumption increases with the sampling rate. Since RSRQ is applicable for IDLE mode UEs, the power consumption of WB RSSI could be an issue.
[bookmark: _Ref494304371]Observation 6: For SS block based RSRQ, wideband RSSI demand high UE power consumption.
· To enable WB RSSI, signaling on only measurement BW is not sufficient, because it is not guaranteed that the SSB will be located at the center of the measurement BW. Additional information for the center of the RSSI measurement BW is needed. UE may needs to further adjust its center-frequency for RSSI measurement.
· It is possible that network will transmit signals with 2 different numerologies with FDM manner, e.g., SCS of SSB is 240KHz and data SCS is 120KHz. For UEs that cannot support FDM mix-numerology, the support of WB RSSI is not feasible. Even for UE that supports FDM mix-numerology, it is not clear that UE will be able to know 1) whether data and SSB have different SCSs and 2) what the exact SCSs are, e.g., in IDLE mode. 
[bookmark: _Ref494304372]Observation 7: For SS block based RSRQ, the feasibility of WB RSSI is problematic under mix-numerology cases.
· The additional REs observed through a wider BW should still follow the same analog beamforming as SS block, if they share the same OFDM symbol. This means that gNB cannot freely schedule DL data on those REs. A more possible alternative is to schedule beam-specific broadcast signals such as RMSI and OSI which have limited relations to cell loading, as illustrated in Figure 1.
· In the case when a 14-symbol slot is shared by two SS blocks, which as two different analog beamforming directions. It is unclear how gNB can still schedule UE-specific data transmission on this slot, as also illustrated in Figure 2, where use the agreed SS block locations for SCS 30KHz as an example. The OFDM symbols (#4 to #7) needs to follow the same analog beamforming direction as SS block n, while OFDM symbols (#8 to #11) needs to follow the same analog beamforming direction as SS block n+1. 
[bookmark: _Ref494304374]Observation 8: For SS block based RSRQ, the use case of WB RSSI is limited under beamforming scenarios.
[image: ]
[bookmark: _Ref490048449]Figure 2 Example of analogy beam forming constraint
Based on above discussion, WB RSSI measurement has the disadvantages of higher UE power consumption, higher signal overhead and has problem under the scenarios with mix-numerology and beamforming. With the uncertainty of actual use cases, it is too early to introduce such a high-cost UE measurement in Rel-15. Therefore, it is proposed exclude SSB based WB RSSI in Rel-15. In later release, when the use cases get clear, WB RSSI can be considered as an enhancement feature.
[bookmark: _Ref494304064]Proposal 3: For SS block based RSRQ, wideband RSSI is excluded in Rel-15.

If eventually WB RSSI is introduced, the use case should be limited. The use of WB RSSI should be limited to the cases where it does not cost too much additional UE power consumption, e.g., intra-frequency measurement in CONNECTED mode. In this case, UE already needs to monitor PDCCH with a BW wider the SSB BW. Additional effort to perform WB RSSI measurement is relatively small. On other hand, for IDLE mode and inter-frequency measurement in CONNECTED mode, WB RSSI demand noticeable additional cost from UE and it should be avoided.
[bookmark: _Ref494304071]Proposal 4: For SS block based RSRQ, in case wideband RSSI is introduced, it should be limited to intra-frequency measurement in CONNECTED mode
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]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 should not mandate UE to decode PBCH of neighbouring cells, so other alternatives should be discussed.   
[bookmark: _Ref494468485]Proposal 5: 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, the CSI-RS resources can be configured based on its associated SS block to avoid massive CSI-RS transmissions and save RS overhead. Besides, multiple CSI-RS resources could be configured on one OFDM symbol, e.g. 4 CSI-RS resources can be configured with 1-port CSI-RS at D=3. Therefore, it would prefer confining CSI-RS for L3 mobility for one cell in one slot to have shorter measurement window, and it is beneficial for UE power consumption.
[bookmark: _Ref494468486]Proposal 6: For one cell, all CSI-RS resources for L3 mobility are confined to one slot.
One another remaining issue related to CSI-RS configuration is whether UE should assume that configured CSI-RS resources for L3 mobility are present outside the active time. Reference signal outside the active time can be used for timing/frequency synchronization and AGC tuning to shorten UE measurement period. However, this demand could be served by tracking RS. Not transmitting CSI-RS outside the active time could save the RS overhead. Therefore, if it can not guarantee CSI-RS will be transmitted outside the active time, UE should not assume the presence of configured CSI-RS resources for L3 mobility. 
[bookmark: _Ref494708107]Proposal 7: UE should not assume the presence of configured CSI-RS resources for L3 mobility.

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. 
[bookmark: _Ref494468497]Proposal 8: 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 resource includes at least sequences/scrambling, time and frequency resources, and it was agreed that the CSI-RS configuration can support measurement of a large number of beams. However, it is no so irrelevant to UE capability, because it should not mandate UE to measure all the configured CSI-RS resources. The number of CSI-RS resources UE should perform measurement on should depend on UE capability, and RAN4 will decide how many CSI-RS resources UE should measure.  
[bookmark: _Ref494468501]Observation 9: 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 SSB RSSI and CSI-RS measurement.  Based on the discussion, the following proposals are given for consideration.
Observation 1: The timing location of UL parts of cells could be dynamic. It is challenging to carry an exact indication of the time location for UL parts of neighboring cells in system information, especially for inter-frequency measurement.
Observation 2: It should not mandate UE to read system information of neighboring cells for intra-/inter-frequency measurement.
Observation 3: It is not preferred the RSSI measurement resource is either detected by UE itself or implicitly derived by system information.
Observation 4: UE may not know whether the RSSI resource is DL or UL.
Proposal 1: In IDLE mode, UE should perform RSSI measurement according to predefined resource in specification, without considering whether the resource is DL or UL.
Observation 5: Network could have better knowledge on UL parts of neighboring cells and its impact.
Proposal 2: In CONNECTED mode, RSSI measurement resource in time domain can be configured by network.
Observation 6: For SS block based RSRQ, wideband RSSI demand high UE power consumption.
Observation 7: For SS block based RSRQ, the feasibility of WB RSSI is problematic under mix-numerology cases.
Observation 8: For SS block based RSRQ, the use case of WB RSSI is limited under beamforming scenarios.
Proposal 3: For SS block based RSRQ, wideband RSSI is excluded in Rel-15.
Proposal 4: For SS block based RSRQ, in case wideband RSSI is introduced, it should be limited to intra-frequency measurement in CONNECTED mode
Proposal 5: In the synchronized network, the slot offset of CSI-RS is based on serving cell for intra-/inter-frequency measurement. FFS asynchronized network.
Proposal 6: For one cell, all CSI-RS resources for L3 mobility are confined to one slot.
Proposal 7: UE should not assume the presence of configured CSI-RS resources for L3 mobility.
Proposal 8: Design of 1 port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility
Observation 9: The number of CSI-RS resources to be measured by UE depends on UE capability
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