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1. Introduction
In RAN4 #82bis meeting, the capability issue of NR UE was mentioned in the NR AdHoc minutes(R4-1704372) and duplicated as below,
	Agreements:

· UE measurement capabilities such as number of cells, number of beams, number of frequency layers to be monitored, number of numerologies to handle in parallel, etc

· Consideration of requirements for NR UE transmit timing

· Expected measurement requirements needed for enabling NSA option 3 operation

· Draft system level simulation plan
· Draft link level simulation plan (Note: It will not be possible to agree simulation assumtions or provide resuts until further progress is made in RAN1 eg on NR-SS and CSI-RS design)

· RRM Specification structure for 38.133

· NR Measurement definitions and reference point

· UE architecture 

· the need for measurement gaps for inter-frequency and inter-RAT measurements

· Interruption requirements

· Other contributions are not precluded


Since some of the capability of UE is independent to the physical design of RAN1, we may start some of the discussion on capability aspect and it could be the start point of measurement requirement discussion. Based on the identified capabilities in the agreements, in this contribution the capabilities for number of cells, number of beams, number of frequency layers to be monitored and number of numerologies to handle in parallel are discussed.
2. Discussion on capability number of cells
In NR, since there are two deployments: Non-standalone and Standalone. In this stage we focus on the NSA case at first. In NSA case, the LTE is the primary cell of the dual-connectivity and the NR cell is the PSCell, which can be understood that UE has two resource to support NR and LTE measurement in parallel, and main principle from our perspective is: if the target NR cell for measurement is an inter-frequency cell from current NR PSCell or SCell in SCG, then it is considered as inter-frequency measurement; otherwise it’s an NR intra-frequency measurement.

For instance, UE is working on DC with LTE PCell on F1 and NR PSCell on F2, and if the target neighbour NR cell is on the same frequency layer (F1) as current LTE PCell, then UE may also need gap to perform an inter-frequency measurement for the target NR cell since the frequency layer of target NR cell is different from current NR PSCell (on F2).
Proposal 1: in NSA, intra-frequency NR cell measurement capability requirement is for the NR cells who are on the same frequency layers as the current serving NR cells, otherwise the inter-frequency NR cell measurement capability requirement shall be applied.
If the target NR cells are on the same frequency layer as the current serving NR cells (PSCell or SCell in SCG), then the intra-frequency capability shall be considered. The current intra-frequency measurement capability of LTE is as below,
When no measurement gaps are activated3, the UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements for 8 identified-intra-frequency cells, and the UE physical layer shall be capable of reporting measurements to higher layers with the measurement period of 200 ms.
The number of intra-frequency cells for measurement is decided by the network deployments and UE capability (internal measurement resource). Since compared the deployment assumptions in TR38.802 with the LTE deployment, there are not big difference from network topology, the neighbour cells which need to be monitored for mobility might be similar as legacy LTE. From UE complexity perspective, the measurement BW for NR might be bigger than legacy LTE which may increase some complexity or power consumption to UE but it should not be a challenge to UE implementation. And moreover, in TR38.802 it was captured that,
For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification. 
So we may assume that the intra-frequency measurement shall be based on the identical numerology. Thus, regarding both network deployment and UE complexity, we propose to reuse the 8 identified-intra-frequency cells for NR intra-frequency measurement capability baseline.

Proposal 2: the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells.

If the target NR cells are on the different frequency layer from the current serving NR cells (PSCell or SCell in SCG), UE may need gap to perform the inter-frequency NR measurement. In the current legacy LTE without IncMon, the inter-frequency measurement capability is,

The UE shall be capable of performing RSRP, RSRQ, and RS-SINR measurements of at least 4 inter-frequency cells per FDD inter-frequency for up to 3 FDD inter-frequencies. 
Similar consideration as the intra-frequency measurement capability, we propose to reuse the LTE capability for NR UE regarding the network deployment and UE complexity.
Proposal 3: the NR UE shall be capable of performing measurements of at least 4 inter-frequency cells per FDD/TDD inter-frequency for up to 3 FDD/TDD inter-frequencies.

3. Discussion on capability number of beams

The beams used in measurement may include Tx beam at gNB side and Rx beam at UE side. Since whether the SS measurement is based on beamforming or not was not decided yet, we may consider both of the conditions. If the SS measurement is based on beamforming, then there has two cases:
(1) Tx beamforming + Rx beamforming: in this case the requirement may be scaled by the Tx beam number and Rx beam number, which is like Tmeasurement_basic*Tx_beam_number*Rx_beam_number. It may take a very long time for UE to complete all the measurement for one cell. In addition, the Rx beam number, especially how many Rx beams can be supported simultaneously, is fully up to UE implementation of the Rx antennas, which is difficult to standardize. So we would like to specify the measurement requirements which only focuses on the Tx beam, and consider some implementation delay margin for the Rx beam. 

(2) Tx beamforming + Rx omnidirectional: in this case the requirement may be scaled by the Tx beam number only, which is like Tmeasurement_basic*Tx_beam_number. Since Tx beam is from gNB side, UE will conduct the measurement in a TDM manner and therefore UE is capable all of the Tx beams by scaling the measurement period with the Tx beam number.
Based on the analysis above, we propose that,

Proposal 4: The NR measurement requirement may assume omnidirectional Rx antenna at UE with some implementation margin.

Proposal 5: As long as the measurement period for target gNB is scaled with the Tx beam number, UE is capable to support all of the Tx beams of target gNB.
4. Discussion on capability number of frequency layers to be monitored

In LTE there are two types of UE capabilities for frequency layer monitoring: legacy UE capability and IncMon UE capability, which is duplicated in the following table,
	Legacy UE
	IncMon UE

	The UE shall be capable of monitoring at least per RAT group:

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 FDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers, and

-
Depending on UE capability, 1 TDD E-UTRA inter-frequency carrier for RSTD measurements, and

-
Depending on UE capability, 3 FDD UTRA carriers, and

-
Depending on UE capability, 3 TDD UTRA carriers, and

-
Depending on UE capability, 32 GSM carriers (one GSM layer corresponds to 32 carriers), and

-
Depending on UE capability, 5 cdma2000 1x carriers, and

-
Depending on UE capability, 5 HRPD carriers
	-     Depending on UE capability, 8 FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, 8 TDD E-UTRA inter-frequency carriers

-     Depending on UE capability, 6 FDD UTRA carriers, and

-     Depending on UE capability, 7 TDD UTRA carriers, and

	the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers
	the UE shall be capable of monitoring a total of at least 12 carrier frequency layers comprising of any above defined combination of E-UTRA FDD, E-UTRA TDD, UTRA FDD, UTRA TDD, GSM (one GSM layer corresponds to 32 carriers), cdma2000 1x and HRPD layers


The reason for introducing IncMon is the network deployment and load distribution in some area where large amount of 3G and 4G cells are located, and for IncMon requirements we also considered the UE capability and then divided the requirement into normal set and reduced set by using scaling factor kn/kr (in TS36.133 8.1.2.1.1a). For NR, considering the time being of this release, it’s better not to start the discussion from an enhanced capability like IncMon of LTE which may also need lots of time to figure out how to define the measurement sets and how to decide the scaling factors. So, we propose to use the legacy LTE frequency layer capability as baseline, and 3 NR layers for each FDD and TDD shall be added. One more thing is the total frequency layer supported by NR UE, although NR frequency layer shall be added, regarding the measurement resource (e.g. gap opportunities) might be shared between LTE and NR, and in that sense the increasing of frequency layer may increase the measurement delay and then impact the mobility performance. So we propose that the total number of frequency layers in UE could be the same value as specified in LTE which may not cause big impact to the UE complexity and mobility performance.

In the WID of NR, LTE is the only inter-RAT supported by NR UE in this release, and therefore the 3G and GSM RATs might be excluded from the NR UE capability in Release 15. Here we focus on the NSA case first, so the proposal is based on the RRC_CONNECTED mode.
Proposal 6: the NR UE capability of frequency layers in CONNECTED mode is as following table, and the increased UE carrier monitoring capability (like IncMon in LTE) will not be considered in Release 15 NR.
	Release 15 NR UE

	The UE shall be capable of monitoring at least per RAT group:

-     Depending on UE capability, 3 FDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, 3 TDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers

	the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of NR FDD, NR TDD, E-UTRA FDD, E-UTRA TDD.


5. Discussion on capability number of numerologies to be handle in parallel

For SS measurement, it is assumed that a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification, so for intra-frequency measurement for SS there is not possible to have a mixed numerology situation (serving cell and intra-frequency neighbor cell has different SCS).
For CSI-RS measurement, in last RAN1 meeting, some conclusions are duplicated as below,
	Agreements:
· For CONNECTED mode RRM measurement for L3 mobility based on CSI-RS, NR supports following targets for CSI-RS design and configuration:
· Design:
· Reuse CSI-RS design for beam management as baseline
· Identify additional requirements on the CSI-RS to support L3 mobility
· Configuration:
· Support measurement of a large number of beams
· Minimize configuration overhead, reporting overhead, and UE complexity 
· FFS: Detailed signaling or format
Agreements:
· For Connected mode, CSI-RS are supported to be configured using at least dedicated RRC signaling for DL based RRM measurement for L3 mobility.

· Note that signalling other than dedicated RRC signalling is not precluded
Agreements:
· Clarify previous RAN1 agreements on the RSRP definition for DL RRM measurements for L3 mobility as follows

· Define SS block RSRP and CSI-RS RSRP as

· SS block RSRP : measured RSRP from SSS

· FFS additional use of PBCH-DMRS for measurement 

· CSI-RS RSRP : measured RSRP from CSI-RS in connected mode

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


If different numerologies are used by serving cell and neighbor cell for CSI-RS and UE is configured to measure CSI-RS from serving cell and this neighbor cell for mobility purpose, it may require UE to support two different numerologies. However, one of the possible implementations is that UE may use additional processing time for decoding two different numerology signals (e.g. buffered time domain signals and then processing in sequence), that is, UE may support multiple numerologies simultaneously and UE may need to buffer and process the multiple numerologies during measurement period. On the other hand, with the same measurement BW, the different SCS will have different RE number and may need different FFT size for receiver, which may impact the complexity of UE. However, UE also can handle this multiple FFT size cases by implementations (e.g. buffering and processing with different FFT size). So we don’t see any big problem for UE to support multiple numerologies in parallel but the processing delay or UE complexity might be discussed further. 
Proposal 7:  UE may be capable to support multiple numerologies in parallel but the processing delay or UE complexity might be FFS.
6. Conclusions

In this contribution the capabilities for number of cells, number of beams, number of frequency layers to be monitored and number of numerologies to handle in parallel are discussed.

Proposal 1: in NSA, intra-frequency NR cell measurement capability requirement is for the NR cells who are on the same frequency layers as the current serving NR cells, otherwise the inter-frequency NR cell measurement capability requirement shall be applied.

Proposal 2: the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells.

Proposal 3: the NR UE shall be capable of performing measurements of at least 4 inter-frequency cells per FDD/TDD inter-frequency for up to 3 FDD/TDD inter-frequencies.

Proposal 4: The NR measurement requirement may assume omnidirectional Rx antenna at UE with some implementation margin.

Proposal 5: As long as the measurement period for target gNB is scaled with the Tx beam number, UE is capable to support all of the Tx beams of target gNB.

Proposal 6: the NR UE capability of frequency layers in CONNECTED mode is as following table, and the increased UE carrier monitoring capability (like IncMon in LTE) will not be considered in Release 15 NR.
	Release 15 NR UE

	The UE shall be capable of monitoring at least per RAT group:

-     Depending on UE capability, 3 FDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 FDD E-UTRA inter-frequency carriers, and

-     Depending on UE capability, 3 TDD NR inter-frequency carriers, and

-
Depending on UE capability, 3 TDD E-UTRA inter-frequency carriers

	the UE shall be capable of monitoring a total of at least 7 effective carrier frequency layers comprising of any above defined combination of NR FDD, NR TDD, E-UTRA FDD, E-UTRA TDD.


Proposal 7:  UE may be capable to support multiple numerologies in parallel but the processing delay or UE complexity might be FFS.
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