3GPP TSG RAN WG1 Meeting #92bis	R1-1803630
[bookmark: _GoBack]Sanya, China, April 16th – April 20th, 2018

Agenda Item:	7.1.1.5.1
Source:	Huawei, HiSilicon
Title:		     Remaining details on NR RRM 
Document for:	Discussion and Decision

[bookmark: _Ref124589705][bookmark: _Ref129681862]
Introduction
In this contribution, we provide our views on the remaining details of NR RRM. 
Discussion
SS-RSSI measurement bandwidth
Regarding SS-RSSI measurement bandwidth, it has been agreed that 
Agreements [1]:
· In Rel-15, different measurement BW for CSI-RSSI than for CSI-RSRP is not supported
· In Rel-15, there is no consensus to support different measurement BW for SS-RSSI than for SS-RSRP 
In RAN1 #92 [2], several companies have proposed to support a SS-RSSI measurement BW that is larger than that of SS-RSRP. In our opinion, a larger SS-RSSI measurement BW has been initially proposed to improve the accuracy of SS-RSSI measurements. However, this concern is addressed using a relatively long SS-RSSI time domain measurement resources: For the configured SS-RSSI measurement, multiple slots can be configured and within each slot, up to 12 symbols can be used for SS-RSSI the domain measurement resources [3]. For the default SS-RSSI measurement, it has been agreed that the time-domain SS-RSSI measurement resource is the SMTC window if a measurement gap is not configured or the overlapped time span of the SMTC window and the measurement gap if a measurement gap is configured [4]. Therefore, we do not see any strong reason to justify a larger measurement BW for SS-RSSI measurement at this point.  We propose:
Proposal 1: SS-RSSI and SS-RSRP have the same measurement BW.
CSI-RS measurement bandwidth
There have been discussions on CSI-RS measurement BW for RRM with respect to UE’s active DL BWP in RAN1 #92 [2]. This calls for further clarifications on this issue in RAN1 #92b. First, we would like to point out two agreements related to CSI-RS measurement BW for RRM as follows:
A) It has been agreed in “other aspects on carrier aggregation and bandwidth part” agenda item of RAN1 #91 that
Agreements [1]:
· A UE is expected to perform CSI measurement only within its active DL BWP at the time when the measurement occurs

B) It has also been agreed in [1] and further clarified in [3] that CSI-RS measurement BW is “configured per cell, where a common set of values are assigned across all the resources for a given cell”. 
As active DL BWP is only relevant in intra-frequency measurements, we discuss CSI-RS measurement BW for inter-frequency and intra-frequency separately. 
CSI-RS measurement bandwidth for inter-frequency measurement 
Measurement gap is used for inter-frequency measurement and, in our opinion, the only issue that may need to be clarified is that UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW. We propose:
Proposal 2: For inter-frequency measurement, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
CSI-RS measurement bandwidth for intra-frequency measurement
For intra-frequency measurement, the configured CSI-RS resources may have a partial or no overlap with UE active DL BWP. If a measurement gap is used, UE should measure the configured CSI-RS resources regardless of the amount of overlap with DL BWP. However, still UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW. When measurement gap is not configured, to prevent the complication of UE RF tuning, we suggest to measure CSI-RS only within the overlapped part of its active DL BWP. As such, we propose:
Proposal 3: For intra-frequency measurement, 
· If measurement gap is not used, UE is not expected to measure the CSI-RS resources outside the overlapped part of its active DL BWP. 
· If measurement gap is used, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
CSI-RS based measurement for C-DRX UE
Regarding Connected DRX (C-DRX) UE behavior with respect to configured CSI-RS for L3 mobility, it was agreed that
Agreement [5]:

· 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 

According to the above agreement, C-DRX UE is not required to measure CSI-RS configured for L3 mobility outside the active time. Therefore, to reduce CSI-RS transmission overhead, network should support pausing the transmission or increasing the periodicity of the configured CSI-RS for L3 mobility during Inactive period of C-DRX UE. As some C-DRX UEs may have overlapped on duration periods, network can configure shared CSI-RS resources within the overlapped on duration of these C-DRX UEs to reduce CSI-RS configuration signaling overhead. We propose:
Proposal 4: C-DRX UE shall not assume that CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of C-DRX UE.
Rate matching behavior during intra-frequency SS-based RRM measurement
Another issue that needs to be clarified is the rate matching behavior when UE performs SS-based (SS-RSRP/SS-SINR/SS-RSRQ) intra-frequency RRM measurements and a measurement gap is not configured. In our opinion, the following three issues should be taken into account when discussing UE rate matching behavior.
1- FR1 vs. FR2 operating frequencies: In FR2, UE generally needs to perform Rx analogue beamforming and, typically, can only support receiving multiple channels/signals on the same OFDM symbols only if they are spatially QCLed. As such, UE should not be expected to receive PDSCH/PDCCH on SS/PBCH block OFDM symbols if DMRS of PDSCH/PDCCH is not spatially QCLed with SS/PBCH block.
2- Synchronous vs. asynchronous systems: In synchronous systems, symbols that may carry SS/PBCH block within SMTC window are known. Further, the symbol location of SS/PBCH blocks that need to be measured may further be indicated to UE via RRC signaling. Note that, in our understanding, if the RRC parameter useServingCellTimingForSync is enabled, UE assumes that network is synchronized and it can utilize serving cell timing to derive the index of SS block transmitted by neighbor cell. However, in asynchronous systems, UE may need to search for SS/PBCH blocks on all symbols within SMTC window. 
3- SS-RSRP/SS-SINR vs. SS-RSRQ measurement: SS-RSRP/SS-SINR measurement resources are limited to the secondary synchronization signal REs and possibly PBCH DMRS REs. However, for SS-RSRQ calculation, SS-RSSI time domain measurement resources also include other symbols within SMTC window that do not carry a SS/PBCH. Note that it was agreed in [6] that “for a SS-RSRQ measurement, the same RX beam shall be applied between RSSI measurement and RSRP measurement.” As such, when SS-RSSQ is measured in FR2, UE should not be expected to receive PDSCH/PDCCH on any of the SS-RSSI measurement symbols if DMRS of PDSCH/PDCCH is not spatially QCLed with SS/PBCH block.
Considering the above three issues and the resulting possible combinational scenarios, we propose
Proposal 5: UE rate matching behavior for SS-based RRM measurement is as follows:
· If useServingCellTimingForSync is not enabled:
a) When operating band is in FR1, UE is not expected to receive PDCCH/PDSCH on the REs that can carry SS/PBCH block on any of the symbols within SMTC window. 
b) When operating band is in FR2, UE is not expected to receive PDCCH/PDSCH on any of the symbols within SMTC window.
· If useServingCellTimingForSync is enabled:
c) When operating band is in FR1 or operating band is in FR2 but DMRS of PDCCH/PDSCH is spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on SS/PBCH REs.
d) When operating band is in FR2 and DMRS of PDCCH/PDSCH is not spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on
i. SS/PBCH symbols if SS-SINR/SS-RSRP is measured.
ii. SS-RSSI OFDM measurement symbols if SS-RSRQ is measured.

Rx beam selection for RRM measurement 
Regarding Rx beam selection for RRM measurement, it has been agreed that 
Agreements [7]:
· 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
There have been some proposals to further specify and narrow down the choices of Rx beams. In particular, it has been discussed in RAN1 #92 [2] that “The beams in a set of Rx beams selected for RRM measurement on a carrier should have similar maximum Rx beamforming gain”.  We believe this proposal is unnecessary as 1) It is very difficult to accurately define “similar” in the above proposal in RAN1 and RAN4; and 2) It should be up to UE implementation on how to select beams for different measurement objects. For a given TX_i beam, the same RX_i beam is used to measure RSRP_i and RSSI_i and the effect of RX_i beamforming gain is minimized when calculating RSRQ_i = N*RSRP_i/RSSI_i. It has also been discussed in [2] that “Measurement to be reported is the best among the measurements based on each RX beam in the selected set”. We also do not see any technical necessity for such a restriction and prefer that the choice of Rx beam is left up to the UE implementation with the limitation that corresponding measurement accuracy requirements have to be fulfilled. We propose that:
Proposal 6: The agreement in RAN1 AH 1709 on RX beams for RRM measurement is sufficient with the only additional requirement that the corresponding measurement accuracy requirements have to be fulfilled. 

CSI-RS based measurement in presence/absence of associated SS/PBCH block
In RAN1 #91, an optionally-configured associated SS/PBCH block is introduced for each CSI-RS resource to simplify CSI-RS based measurement.  The following agreements are reached:
Agreements [1] (Agreement A1):
· For each CSI-RS resource, at most one associated SSB can be configured 
· If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer
· M>=1 number of CSI-RS resources per associated SSB can be configured
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected

Agreements [1] (Agreement A2):

	Associated-SSB
	For each CSI-RS resource, at most one associated SSB can be configured
Note: If the associated-SSB is signaled, UE is not required to monitor CSI-RS resource(s) when the UE cannot detect the associated SSB
	{0, 1, …, L-1}

	Configured per resource
This field is optional per frequency layer




Above agreements are further completed and clarified in the following two agreements in RAN1 NR AH 1801:
Agreements [3]: (Agreement A3)
· Regarding previous agreements:
· If associated SSBs are not configured for CSI-RS, maximum N2>=1 number of CSI-RS resources can be configured per frequency layer
· In this case, UE may assume that the carrier is synchronized with the serving cell.
· FFS UE is not required to perform measurement based on CSI-RS if the corresponding cell ID is not detected
· Adopt: 
· N2 = 64
· FFS whether CSI-RS resources associated with and without SSB be configured in the same frequency layer.

Agreements [3]: (Agreement A4)
· If associated SSB is not configured:
· UE is required to perform measurements based on CSI-RS(s), even if SS/PBCH block(s) with corresponding cell ID are not detected.
· UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell.
· If associated SSB is configured:
· UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration.
· Additionally, if the associated SS/PBCH block is configured, the higher layer parameter qcled-SSB further indicates whether or not the associated SS/PBCH block and the CSI-RS resource(s) are quasi co-located with the associated SS/PBCH block with respect to [spatial RX parameters].
· Send LS (to be prepared in R1-1801118, which is approved with the update “The value of N2 is still under discussion in RAN1” to “N2=64”. The final LS is in R1-1801190) to RAN4 regarding the above agreements (including the context of the above agreements). RAN1 recommends RAN4 to capture the agreements accordingly in 38.133.

Finally, parts of Agreements A4 and A2 are reinforced in RAN2 and are reflected in the last endorsed version of 38.331 [8] as follows:
	associatedSSB
If this field is present, the UE may base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobilityon the timing of the cell indicated by the cellIdin the CSI-RS-CellMobility. In this case,the UE is not required to monitor that CSI-RS resourceif the UE can’t detect the SS/PBCH block indicated by thisassociatedSSBandcellId.If this field is absent, the UE shall base the timing of the CSI-RS resource indicated in CSI-RS-Resource-Mobilityon the timing of the serving cell.In this case, the UE is required to measure the CSI-RS resource even if SS/PBCH block(s) with cellIdin the CSI-RS-CellMobilityare not detected.



In view of the above agreements, two issues need to be clarified and agreed to have a complete and clear set of agreements on UE behavior and network configuration in the presence/absence of an associated SS/PBCH block.  In the following, we discuss these issues. 

Mixture of CSI-RS with and without associated SS/PBCH blocks in the same frequency layer
There is an FFS part in Agreement A3 that was a subject of discussion in RAN1 #92 [2]:
· FFS whether CSI-RS resources associated with and without SSB be configured in the same frequency layer.
Agreements A1-A4 and the reflected text in 38.331 indicate that a main effect of the optionally-configured associatedSSB is on how UE finds the timing reference for the CSI-RS resource: If associatedSSB is not configured, “UE may assume that the carrier is synchronized with the serving cell” and “UE shall base the timing of the CSI-RS resource(s) to the timing of the serving cell”. In turns, if associatedSSB is configured “UE may base the timing of the CSI-RS resource(s) to the timing of the cell, given by the Cell_ID of the CSI-RS resource configuration”. As such, in practice, the major use case for associatedSSB is in scenarios where UE cannot find the timing reference for the CSI-RS resource from the serving cell. This observation suggests that, in practice, there is no strong justification to configure a mixture of CSI-RS with and without associated SS/PBCH blocks in the same frequency layer. However, another application of associatedSSB is to group CSI-RS resources that correspond to the same associatedSSB, and, consequently, to restrict CSI-RS measurement overhead. In such a case, having a mixture of CSI-RS resources with and without associated SS/PBCH blocks in the same frequency layer is justified as UE is not expected to monitor those CSI-RS resources whose associated SSB cannot be detected.
Above discussion suggests that there are some benefits in having a mixture of CSI-RS resources with and without associated SS/PBCH blocks in the same frequency layer. Our understanding is that a major reservation of companies opposing such a mixture is the possibility of increasing UE measurement complexity. This concern can be addressed by properly selecting the maximum number of CSI-RS resources with and without associated SS/PBCH blocks. It has already been agreed that if associated SS/PBCH blocks are configured, maximum number of CSI-RS resources is N1=96 and if associated SS/PBCH blocks are not configured, maximum number of CSI-RS resources is N2=64. To avoid any additional complexity, we propose that the total maximum number of CSI-RS resources in the mixture to be limited to 96 while up to 64 of them can be associated with SS/PBCH blocks. We propose:
Proposal 7:  If CSI-RS resources associated with and without SS/PBCH blocks are configured in the same frequency layer, the maximum number of total configured CSI-RS resources in that frequency layer is 96 while up to 64 of the configured CSI-RS resources are associated with a SS/PBCH block.
Maximum number of CSI-RS resources per associated SS/PBCH block
Another open issue is the value of M which is the maximum number of configured CSI-RS resources per associated SS/PBCH block. Agreement A1 states that “If associated SSBs are configured for CSI-RS, maximum N1=96 number of CSI-RS resources can be configured per frequency layer”. In the SFN scenario with only one SS/PBCH block, it should be possible that all configured CSI-RS resources to be associated with the single detected SS/PBCH block. Therefore, we propose: 
Proposal 8: Maximum number of M=96 CSI-RS resources per associated SS/PBCH block can be configured per frequency layer. 

Conclusions
Proposal 1: SS-RSSI and SS-RSRP have the same measurement BW.
Proposal 2: For inter-frequency measurement, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
Proposal 3: For intra-frequency measurement, 
· If measurement gap is not used, UE is not expected to measure the CSI-RS resources outside the overlapped part of its active DL BWP. 
· If measurement gap is used, UE is not expected to measure the CSI-RS resources with BW wider than UE maximum DL BW.
Proposal 4: C-DRX UE shall not assume that CSI-RS resources for L3 mobility are transmitted outside the active time. Network is not required to transmit the configured CSI-RS resources for L3 mobility that occur outside the active time of C-DRX UE.
Proposal 5: UE rate matching behavior for SS-based RRM measurement is as follows:
· If useServingCellTimingForSync is not enabled:
a) When operating band is in FR1, UE is not expected to receive PDCCH/PDSCH on the REs that can carry SS/PBCH block on any of the symbols within SMTC window. 
b) When operating band is in FR2, UE is not expected to receive PDCCH/PDSCH on any of the symbols within SMTC window.
· If useServingCellTimingForSync is enabled:
a) When operating band is in FR1 or operating band is in FR2 but DMRS of PDCCH/PDSCH is spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on SS/PBCH REs.
b) When operating band is in FR2 and DMRS of PDCCH/PDSCH is not spatially QCLed with SS/PBCH block, UE is not expected to receive PDCCH/PDSCH on
i. SS/PBCH symbols if SS-SINR/SS-RSRP is measured.
ii. SS-RSSI OFDM measurement symbols if SS-RSRQ is measured.
Proposal 6: The agreement in RAN1 AH 1709 on RX beams for RRM measurement is sufficient with the only additional requirement that the corresponding measurement accuracy requirements have to be fulfilled. 
Proposal 7:  If CSI-RS resources associated with and without SS/PBCH blocks are configured in the same frequency layer, the maximum number of total configured CSI-RS resources in that frequency layer is 96 while up to 64 of the configured CSI-RS resources are associated with a SS/PBCH block.
Proposal 8: Maximum number of M=96 CSI-RS resources per associated SS/PBCH block can be configured per frequency layer. 
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