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1   Introduction
In last RAN4 meeting, RAN4 discussed how to decide UE measurement capability and some companies proposed to reuse LTE requirement [1][2]. In this contribution, we will provide the view on UE measurement capability of the number of monitoring inter-frequency carriers.
2   Background
LTE requirements of UE capabilities for monitoring frequency carriers are defined in TS36.133 [3] as follows:
==start of excerpt from TS 36.133==
8.1.2.1.1.1
Maximum allowed layers for multiple monitoring

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

In addition to the requirements defined above, 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.

8.1.2.1.1.1a
Maximum allowed layers for multiple monitoring (Increased UE carrier monitoring)

UE which indicate support for Increased UE carrier monitoring E-UTRA according to the capabilities in [2,31] shall be capable of monitoring at least 

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

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

UE which indicate support for increased UE carrier monitoring UTRA according to the capabilities in [2,31] shall be capable of monitoring at least

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

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

In addition to the requirements defined above, the UE which indicate support for Increased UE carrier monitoring E-UTRA or increased UE carrier monitoring UTRA according to the capabilities in [2,31]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 minimum performance requirements for a UE which does not indicate support for Increased UE carrier monitoring E-UTRA [2,31] are calculated assuming all E-UTRA carriers which the UE is required to monitor, are having normal performance, i.e.  Nfreq, E-UTRA,reduced =0. The minimum performance requirements for a UE which does not indicate support for Increased UE carrier monitoring UTRA [2,31] are calculated assuming all UTRA carriers which the UE is required to monitor, are having normal performance, i.e. Nfreq, UTRA,reduced =0. Capabilities for number of carriers to monitor for UE which do not support increased carrier monitoring E-UTRA or increased carrier monitoring UTRA are specified in section 8.1.2.1.1.1. A UE which do not indicate support for Increased UE carrier monitoring E-UTRA or UTRAN [2,31] does not have any reduced performance carrier requirements and Kn=1.
==end of excerpt from TS 36.133==
 In last meeting, some companies proposed to reuse the legacy LTE requirements on UE capabilities for monitoring frequency carriers and deprioritize the increased UE carrier monitoring capability [1][2] in Rel.15 but there was no agreement.
 In next clause, we will provide our views on this topic.
3   Discussion
The wider bandwidth operation, e.g. above 24GHz, is discussed in RAN1. In figure.1, we provide an example of wider bandwidth operation. This means that gNBs can operate both wideband CC and intra-band contiguous CCs with CA in the same channel bandwidth (CBW) simultaneously. In our understanding, UE#3 in figure.1 is configured on intra-band contiguous 4 CCs CA if the way of operating CA is the same as LTE. Considering NSA, this means that 4 inter-RAT NR carriers are needed to be monitored from LTE PCell, which is over 3 carriers. On the other hand, RAN1 agreed that single and multiple SS block transmissions in wideband CC in the frequency domain are supported, but number of SS blocks in wideband and number of SS blocks for RRM measurement are FFS. For example, if there is only one SS block in CBW, how do UE#2 and #3 in figure.1 measure and configure the CCs which do not include SS block?, and is this case CA operation like LTE (UE is configured on intra-band contiguous CCs with CA) or UE separates Tx/Rx RF chains (UE is not configured CA)? Since the number of monitoring inter-frequency carrier is related to this issue, we would like to clarify how to operate wider bandwidth operation at first.
Observation 1:In the wider bandwidth operation, gNBs can operate both wideband CC and intra-band contiguous CCs with CA in the same channel bandwidth (CBW) simultaneously.
Observation 2: UE#3 in figure.1 is configured on intra-band contiguous 4 CCs CA if the way of operating CA is the same as LTE. Considering NSA, this means that 4 inter-RAT NR carriers are needed to be monitored from LTE PCell, which is over 3 carriers.
Observation 3:RAN1 agreed that single and multiple SS block transmissions in wideband CC in the frequency domain are supported, but number of SS blocks in wideband and number of SS blocks for RRM measurement are FFS.
Observation 4:How to operate wider bandwidth needs to be clarified at first, e.g. how do UE#2 and #3 in figure.1 measure and configure the CCs which do not include SS block, before deciding the number of monitoring inter-frequency carrier.
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Figure.1: Example of wider bandwidth operation
4   Conclusion 
In this contribution, we provided our view on UE measurement capability of the number of monitoring inter-frequency carriers. Our observations are following:
Observation 1:In the wider bandwidth operation, gNBs can operate both wideband CC and intra-band contiguous CCs with CA in the same channel bandwidth (CBW) simultaneously.
Observation 2:UE#3 in figure.1 operates intra-band contiguous 4 CCs CA. Considering NSA, this means that 4 inter-RAT NR carriers are needed to be monitored from LTE PCell, which is over 3 carriers.
Observation 3:RAN1 agreed that single and multiple SS block transmissions in wideband CC in the frequency domain are supported, but number of SS blocks in wideband and number of SS blocks for RRM measurement are FFS.
Observation 4:How to operate wider bandwidth needs to be clarified at first, e.g. how do UE#2 and #3 in figure.1 measure and configure the CCs which do not include SS block, before deciding the number of monitoring inter-frequency carrier.
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