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Introduction
[bookmark: OLE_LINK272][bookmark: OLE_LINK273]In this paper, we firstly discuss some remaining issues related to SMTC, including the timing reference of SMTC, and the agreed a frequency-specific bitmap to indicate a set of SS blocks to be measured within the SMTC measurement window in CONNECTED mode. 
Secondly, there are some discussions on RSSI with some open issues left, e.g. the details on frequency domain and in time domain. In this paper, we provide our views on RSSI measurement in the section 3 and section 4 for frequency domain and time resources, respectively.
Thirdly, some remaining issues on CSI-RS measurement configuration are discussed in the section 5, where we discuss some configuration parameters and identify some parameters for BM may unnecessarily be supported for L3 mobility. 
Remaining Issues Related to SMTC
The timing reference of SMTC per frequency
The offset of SMTC has been discussed, but the timing reference of SMTC is not very clear. SMTC is designed for UE to find SSBs, so the timing reference of SMTC is naturally to be based on serving cell. Otherwise, UE will still need to blindly search for SSBs. 
[bookmark: _Ref498757312]Proposal 1: The timing of SMTC is based on serving cell’s timing. The offset of SMTC is the starting location of the SMTC window relative to the serving cell’s frame boundary.
Indication of SSBs to be Measured
In the last meeting, it agreed a frequency-specific bitmap to indicate a set of SS blocks to be measured within the SMTC measurement in CONNECTED mode. However, it is not clear how UE can utilize this indication. The agreement is as follows: 
	Agreements:
· The network can indicate a set of SS blocks to be measured within the SMTC measurement duration (connected mode only) 
· The indication is per frequency layer
· The UE is not required to measure SS blocks not indicated as transmitted
· If there is no indication, the default value is that all SS blocks within the SMTC measurement duration 
· The signaling method is applicable to both intra- and inter-frequency measurements
· For connected mode:
· The signaling is via RRC and a full bitmap with length L 
· For idle mode
· No indication from gNB
· Note: this means that all SS blocks within the SMTC measurement duration 



However, although the SSB index to be measured is provided, UE doesn’t know the timing location of the configured SSB index within STMC on other frequency, because it’s not guaranteed SSB with index 0 will locate at the beginning of SMTC, as shown in Figure 1.
[image: ]
[bookmark: _Ref498718517]Figure 1. RSSI measurement resource in time domain can be configured by network in CONNECTED mode
In order to know the SSB time index (SBI) carried by SSBs on other carrier (for inter-freq. measurement), UE may need to read neighboring cell’s PBCH for the complete SBI, and it will introduce significant UE processing effort. 
[bookmark: _Ref498757424]Observation 1: Although the SSBs to be measured is indicated, UE doesn’t know the timing location of the configured SSB index within STMC on other frequency, and it may require UE to read neighboring cell’s PBCH for the complete SSB time index
Therefore, to utilize the indication of SSBs to be measured, it may need to clarify the first SSB index within a SMTC measurement window will also be signalled to UE or be fixed (e.g. fixed to 0).
[bookmark: _Ref498757320]Proposal 2: If indication of SSBs to be measured is configured to UE, the first SSB index within a SMTC measurement window will be signalled to UE or will be fixed (e.g. fixed to 0).
Measurement BW of SS-RSSI and CSI-RSSI
Regarding the measurement BW of RSSI measurement, the corresponding RAN1 90bis agreements are listed as below:
	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.


I
The main discussion point on RSSI in frequency domain is whether wideband (WB) RSSI should be introduced to SS-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 SS-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 2: Wideband SS-RSSI measurement 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 3: The feasibility of WB SS-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 2.
· 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 4: The use case of WB SS-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][bookmark: _Ref498757325]Proposal 3: Different measurement BW for SS-RSRP and SS-RSSI is not supported in Rel-15.
Regarding the CSI-RSSI measurement, similar observations can be made. When CSI-RSSI measurement BW is configured to be wider than the BW of CSI-RSRP, it will mandate UE to use wider measurement BW and introduce more UE processing effort, which is not preferred. Since it has not seen strong motivation to have different BW, it is proposed exclude WB CSI-RSSI in Rel-15.  
[bookmark: _Ref498757330]Proposal 4: Different measurement BW for CSI-RSRP and CSI-RSSI is not supported in Rel-15.
SS-RSSI Time Domain Measurement Resource
Regarding the time domain measurement resources, the corresponding RAN1 90bis agreements are listed as below:
	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:
· 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
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.



The motivation for SS-RSSI measurement is to provide a cell-loading measure for IDLE/CONNECTED, intra-/inter-frequency measurement. Two types of SS-RSSI are introduced, one is “default” SS-RSSI and another one is “configured” SS-RSSI. 
However, different cells could have different timing, especially for cells on different carriers, and it could make SS-RSSI to be cell-specific. However, cell-specific RSSI will introduce significant UE processing effort, because UE needs to maintain multiple tracking chains, which is multiplied by the number of cells and the number of symbols outside SSBs.
[bookmark: _Ref498757456]Observation 5: RSSI measurement based on cell-specific timing will introduce significant UE effort.
For the default RSSI time-domain measurement resource, the following alternatives were discussed [2]:  
· Alt 1: RSSI is measured in all the OFDM symbols in the slot where SSB(s) is detected. 
· Alt 2: The 1st N OFDM symbols in all the slots in the SMTC window 
· Alt 3: The 1st N OFDM symbols in the slots where SSB(s) is detected 
· Alt 4: The OFDM symbols corresponding to the detected SSBs   
· Alt 5: N OFDM symbols prior to and including each detected SSB  
· In these alternatives, N is fixed in the spec
The motivation to use symbols outside SSBs for RSSI measurement (Alt. 1,2,3,5) is to include possible data symbol to reflect cell loading. However, since it has agreed the UE should use the same RX beam for SS-RSRP and SS-RSSI, if the symbols outside SSB are also used for RSSI, it will preclude UE to receive scheduled data carried on those symbols, because the RX beams for data and the RX beams for measurement could be different. Therefore, the more symbols used for measurement, the less symbols can be used for carrying data.
[bookmark: _Ref498757527]Observation 6: UE may not receive scheduled data on symbols used for measurement.
Besides, the symbols outside SSBs could be carried by different analog beam from detected SSBs. Detected SSBs implies UE can observe those SSBs with certain RX beam. If those mis-aligned RSSI symbols are included in the RSSI calculation, e.g. received signal strength is averaged over all RSSI symbols, the RSSI could be under-estimated. One example is shown as Figure 3, assuming a strong interference is measured in TX beam 3 and no interference is observed in TX beam 7, but RSSI is averaged over TX bean 3 and 7, thereby the RSSI will be under-estimated. 
[image: ]  [image: ]
Figure 3 Example of RSSI could be under-estimated if beam directions of symbols for RSSI measurement are misaligned with detected SSBs.
[bookmark: _Ref498757533]Observation 7: RSSI could be under-estimated if beam directions of symbols for RSSI measurement are misaligned with detected SSBs.
Therefore, if SS-RSSI includes symbols outside SSBs, we think UE should be able to assume a certain QCL relationship between those symbols and detected SSBs.
[bookmark: _Ref498757335]Proposal 5: UE can assume certain QCL relationship between symbols used for RSSI measurement and detected SSBs.
Besides, in order to know the slot boundary (Alt.1~3) on other carriers, it requires UE to perform DMRS-PBCH detection for part of SSB time index, and it introduces some UE processing effort and false alarm probability. Therefore, to keep default SS-RSSI simple, we prefer to perform RSSI measurement only on detected SSBs. If more accurate SS-RSSI is required, network can use configured SS-RSSI.    
[bookmark: _Ref498757621]Proposal 6: The time domain resources for SS-RSSI are the OFDM symbols corresponding to the detected SSBs.   
Regarding the “configured” SS-RSSI, one unclear point is the timing reference of the configured slots. However, it is reasonable that the timing of configured slots is based on the timing of serving cell, because it is unlikely UE will know the slot number of neighbouring cells on other carriers. 
[bookmark: _Ref498757629][bookmark: _GoBack]Proposal 7: Timing of configured slots for SS-RSSI is based on the timing of serving cell.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]Remaining Issues on CSI-RS Measurement Configuration 
Regarding the CSI-RS RRM, the agreements in R1-90bis meeting are captured as below. 
	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:
· 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



Carrier-specific Measurement BW of CSI-RS for L3 Mobility
Measurement BW of CSI-RS for L3 mobility is configurable. However, it should be carrier-specific rather than cell-specific. Otherwise, it will unnecessarily increase UE complexity. 
[bookmark: _Ref498757635]Proposal 8: For a given carrier, only a signal measurement BW of CSI-RS for L3 mobility is configured.
Parameters of BM not supported for CSI-RS for L3 Mobility
It also agreed the design of CSI-RS for BM can be configured for RRM. However, BM and RRM have different proposes, and BM is only performed on the serving cell but RRM has to be performed on many neighboring cells. Therefore, support all possible BM parameters for L3 mobility could introduce unnecessary UE implementation and processing effort. Therefore, we identify some parameters for BM, which may not be necessarily supported for L3 mobility in this section.
Firstly, different RE density (D) could be configured for 1-port CSI-RS resources. However, to support multiple configurable densities, UE has to prepare multiple implementations for all possible RE densities, e.g. to optimize filter coefficients for different RE density. Therefore, it is beneficial not to support all RE densities for 1-port CSI-RS. 
We conducted a link level simulation to show the measurement accuracy of CSI-RSRP with different CSI-RS configurations. Since the side condition of SS-RSRP is at SNR=-6dB, to have comparable measurement performance, we consider SNR=-6 dB for CSI-RSRP in this simulation. The simulation result with averaging over 5 sample is shown as Table 1, where accuracy is defined as maximum absolute value of (5%-tile, 95%-tile) RSRP estimation error.  


Table 1. Measurement Accuracy of CSI-RSRP with 5 samples @ SNR=-6dB, AWGN
	Accuracy [dB]
	1-port CSI-RS, D=1
	1-port CSI-RS, D=2
	1-port CSI-RS, D=3
	2-port CSI-RS

	# RB = 25
	4.16
	2.41
	1.85
	2.57

	# RB = 50
	3.17
	1.64
	1.31
	1.76

	# RB = 100
	2.26
	1.22
	0.96
	1.31



We consider the requirement of measurement accuracy is 2dB. From Table 1, we can see the 1-port CSI-RS with D=1 has the worst accuracy performance, which it is not acceptable at SNR=-6dB. 
[bookmark: _Ref498757645]Observation 8: The measurement accuracy of 1-port CSI-RS with D=1 is not acceptable at SNR=- 6dB.
[bookmark: _Ref498757709]Proposal 9: 1-port CSI-RS with D=1 is not supported for L3 mobility in Rel. 15.
[bookmark: _Ref494468497]From Table 1, we also can see the accuracy performance of 2-port CSI-RS is similar to the performance of 1-port CSI-RS with D=2, and it is worse than the performance of D=3. To simplify UE implementation, we think it could support only D=3 to satisfy all cases (i.e. different measurement BW). Therefore, 2-port CSI-RS seems not a necessary configuration for L3 mobility. 
[bookmark: _Ref498757715]Proposal 10: 2-port CSI-RS is not supported for L3 mobility in Rel. 15. Remove “Number of ports for CSI-RS” in RRC signalling. 
Besides, the CSI-RS symbol repetition in the time domain is equivalent to multiply the number of CSI-RS to be measured, which linearly increases UE complexity. Different from BM, RRM has to be performed on many neighboring cells, and it will introduce significant UE process effort. Since the measurement accuracy can be achieved by 1-port CSI-RS with D=3, we think CSI-RS symbols repetition in time domain is not necessary for L3 mobility.
[bookmark: _Ref498757721]Proposal 11: CSI-RS symbols repetition in time domain is not supported for L3 mobility in Rel. 15.

C-DRX UE’s assumption on CSI-RS reception
One another remaining issue related to configuration of CSI-RS for L3 mobility is whether the CSI-RS can be configured outside active time and whether UE can assume that configured CSI-RS resources are present. Reference signals outside the active time can be used for timing/frequency synchronization and AGC tuning to shorten UE measurement period. Therefore, based on network configuration, it could be beneficial to allow that CSI-RS to be configured outside active time and UE can assume the existence of CSI-RS based on the corresponding configuration.
However, this demand could also be served by tracking RS if tracking RS is configured. And not transmitting CSI-RS outside the active time could save the RS overhead. Therefore, by RRC configuration, network is able to not configure CSI-RS outside UE’s active time. 
[bookmark: _Ref494708107]Proposal 12: Based on RRC configuration, CSI-RS for L3 mobility can be configured outside UE active time, and UE can assume the existence of CSI-RS.

Number of resources for L3 mobility CSI-RS
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 RRM measurement. Based on the discussion, the following proposals are given for consideration.
Proposal 1: The timing of SMTC is based on serving cell’s timing. The offset of SMTC is the starting location of the SMTC window relative to the serving cell’s frame boundary.
Observation 1: Although the SSBs to be measured is indicated, UE doesn’t know the timing location of the configured SSB index within STMC on other frequency, and it may require UE to read neighboring cell’s PBCH for the complete SSB time index.
Proposal 2: If indication of SSBs to be measured is configured to UE, the first SSB index within a SMTC measurement window will be signalled to UE or will be fixed (e.g. fixed to 0).
Observation 2: Wideband SS-RSSI measurement demand high UE power consumption.
Observation 3: The feasibility of WB SS-RSSI is problematic under mix-numerology cases.
Observation 4: The use case of WB SS-RSSI is limited under beamforming scenarios.
Proposal 3: Different measurement BW for SS-RSRP and SS-RSSI is not supported in Rel-15.
Proposal 4: Different measurement BW for CSI-RSRP and CSI-RSSI is not supported in Rel-15.
Observation 5: RSSI measurement based on cell-specific timing will introduce significant UE effort.
Observation 6: UE may not receive scheduled data on symbols used for measurement.
Observation 7: RSSI could be under-estimated if beam directions of symbols for RSSI measurement are misaligned with detected SSBs.
Proposal 5: UE can assume certain QCL relationship between symbols used for RSSI measurement and detected SSBs.
Proposal 6: The time domain resources for SS-RSSI are the OFDM symbols corresponding to the detected SSBs.
Proposal 7: Timing of configured slots for SS-RSSI is based on the timing of serving cell.
Proposal 8: For a given carrier, only a signal measurement BW of CSI-RS for L3 mobility is configured.
Observation 8: The measurement accuracy of 1-port CSI-RS with D=1 is not acceptable at SNR=- 6dB.
Proposal 9: 1-port CSI-RS with D=1 is not supported for L3 mobility in Rel. 15.
Proposal 10: 2-port CSI-RS is not supported for L3 mobility in Rel. 15. Remove “Number of ports for CSI-RS” in RRC signalling.
Proposal 11: CSI-RS symbols repetition in time domain is not supported for L3 mobility in Rel. 15.
Proposal 12: Based on RRC configuration, CSI-RS for L3 mobility can be configured outside UE active time, and UE can assume the existence of CSI-RS.
Observation 9: The number of CSI-RS resources to be measured by UE depends on UE capability.
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