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1	Introduction
In RAN4 meeting AH#3 in Nagoya RAN4 agreed on updating the definitions for intra-frequency carrier and inter-frequency carrier which was then informed to RAN1 and RAN2 in LS [6].
In Dubrovnik meeting RAN4 continued the discussions related to number of frequency layers the UE should be able to monitor. No agreements were reached.
In this paper, we continue the discussion related to the number of carrier the UE should be able to monitor in different scenarios.

2	Discussion
In addition to the intra- and inter-frequency definition, following agreements we made during the RAN299bis meeting:
Agreements for BWP operation in CONNECTED mode:
1:	BWP impacts on the CONNECTED mode will be progressed by Dec 17.  Impacts to IDLE mode/INACTIVE mode UEs will be discussed with SA after Dec 17.
2a:	RRC signalling supports to configure 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell (PCell, PSCell). 
2b	RRC signalling supports to configure 0, 1 or more BWPs (both for DL BWP and UL BWP) for a serving cell SCell (at least 1 DL BWP) (impact of SUL still to be discussed)
3	For a UE, the PCell, PSCell and each SCell has a single associated SSB in frequency (RAN1 terminology is the is the 'cell defining SSB')
4	Cell defining SS block can be changed by synchronous reconfiguration for PCell/PSCell and SCell release/add for the SCell.
5	Each SS block frequency which needs to be measured by the UE should be configured as individual measurement object (i.e. one measurement object corresponds to a single SS block frequency).
6	The cell defining SS block is considered as the time reference of the serving cell, and for RRM serving cell measurements based on SSB (irrespective of which BWP is active ated).

I.e. any SS-Block that needs to be measured by the UE will be configured as an individual measurement object. If network configures the UE with multiple BWPs each having own SSB, each of these SSBs would need to be configured as own measurement object, if the network wants the UE to measure the SSBs. 
According to the definition, measurements on an SSB which is not same center frequency as serving cell SSB and with same SCS are inter-frequency measurements. I.e. measurement on SSBs of different BWPs will be categorized as inter-frequency measurements.
With this additional information the discussion related to the number of NR Inter-RAT carriers the UE should be able to monitor from LTE (36.133 requirement) and how many NR inter-frequency carriers the UE should be able to monitor in NR (38.133 requirement) can continue.
Again, it is important to look at the requirements impact from 1) LTE specification 36.133, 2) NR specification 38.133 point of views and 3) the total number of carriers across 36.133 and 38.133.

2.1	Requirements for 36.133 (Non-NSA)
In this section, we look at the new requirements necessary in order to introduce NR RAT for a UE not operating in NSA.
From system point of view, when discussing NR NSA, the access to usage of NR resources is done through E-UTRAN. I.e. the UE cannot access NR directly (which would be SA) without first being in service in LTE. 
The UE will first have to be in service in E-UTRAN and configured by E-UTRAN to measure NR carriers. The initial NR measurements while only being in service in E-UTRAN would be classified as NR inter-RAT measurements.
Once an NR carrier has been detected and measured, a measurement report may be triggered by the UE. Hereafter the network can configure the UE with the NR cell – as an NR PSCell
36.133 already defines requirements for LTE UEs and UEs not supporting NR. For legacy devices not supporting NR, there is clearly no change to any requirements due to introduction of support of a new NR RAT. I.e. existing requirements should not be impacted by introducing new requirements related to NR. 
However, for UEs supporting the new NR RAT, there would need to be requirements defined for NR inter-RAT measurements. Such requirements would be needed as an addition to the existing legacy requirements. I.e. in addition to already existing monitoring requirements in 36.133, a UE supporting NR RAT will need to support measurements on a number of NR carriers while operating in LTE mode.
Observation 1: A LTE UE supporting NR RAT will need to support measurements on a number of NR carriers in addition to existing LTE requirements, when operating in LTE mode.

2.1.1	Baseline for defining Requirements
In the last couple of meetings, it has been discussed which baseline requirements should be used when defining the effective number of carriers and the total number of carriers, the UE should be able to monitor. 
In legacy, when including LTE requirements into 25.133, the LTE requirements were included as an addition to the existing UTRAN UE requirements. A similar approach should naturally be applied now when introducing NR RAT in LTE. I.e. when introducing NR requirements into LTE specification these requirements should be included in addition to existing requirements. 
Proposal 1: When including NR requirements into LTE specification these should be included in addition to existing requirements.
NR is built on top of Rel-14 and therefore baseline is that at least mandatory Rel-14 features are supported. Since Rel-12 the requirements concerning total number of carriers for UE to monitor is 12, and this number should be used as baseline when defining new Rel-15 requirements concerning total number of carriers to monitor.
Proposal 2: Rel-14 requirements shall be used as baseline when discussing total number of carriers to monitor.
As mentioned, NR is a new RAT which is added in addition to existing. Therefore, it is natural and reasonable that the NR capable UEs can monitor existing requirement and additionally a number of NR carriers.
Proposal 3: An NR capable UE shall support a number of NR carriers in addition to existing monitoring requirements.
Next to discuss is then how many NR Inter-RAT carriers the UE should be able to monitor in addition to the current minimum requirements, and the total number of carriers.

2.1.2	Additional number of carriers for NR RAT
When looking at the current requirements in 36.133 UE shall be capable of monitoring 3 carriers per FFD/TDD UTRA RAT and 1 GSM layer (32 carriers). 
Based on this we could propose similar requirements for number of carriers for NR inter-RAT as is defined for E-UTRAN inter-frequency and UTRA inter-RAT – i.e. 3 carriers.
However, UTRA requirements are split in FDD and TDD and for a UE capable of both the overall requirement is the sum of FDD and TDD carriers. In NR, we agreed not to have a split between FDD and TDD carriers, but as the number bands to be supported is likely higher and the number of carriers per band is likely not reduced compared to legacy RATs, we propose that the number of NR carriers would be 4.
Proposal 4: When operating in LTE, the UE shall be capable of monitoring at least 4 NR inter-RAT carriers.

2.1.3 Total number of carriers to monitor
Current requirements define an effective total number of frequencies excluding the frequencies of the PCell, SCells, and PSCell being monitored as Nfreq. Nfreq then is defined as the sum of carriers from different supported RATs and a requirement for the UE related to the minimum number of carriers the UE at least shall be capable of monitoring per supported RAT group.
As we propose that the UE should be able to monitor 4 NR inter-RAT carriers, we also propose that the NR capable UE should be able to support an increase in the total number of carriers it is capable of monitoring. 
In order to ensure futureproof requirements, we believe an increase of the existing requirements by 3 carriers is suitable.
Proposal 5: When operating in LTE, the NR-RAT capable UE shall be capable of monitoring a total of at least 15 carrier frequency layers.
In our paper [7] we have a detailed proposal how to capture the requirements for 36.133.

2.2	Requirements for 36.133 (NSA operation)
When the UE has been configured with NR PSCell and operating in NSA, the UE monitoring requirements change. In this case the UE no longer need to monitor all legacy RAT’s (e.g. GSM and UTRA) but is only required to monitor LTE and NR carriers. 
This means that when operating in NSA the total number of carriers will no longer include all legacy RAT’s which reduces the measurement burden for the UE. 
This reduces the effective number of carriers, Nfreq, requirement for the UE. This also means that the total number of carriers could be reduced – compared to when operating in non-NSA. Using the Rel-14 requirements as baseline and use 8 LTE carriers and 4 NR Inter-RAT carriers giving of a total number of carriers of 12 seems reasonable.
Proposal 6: When operating in LTE with EN-DC, the UE shall be capable of monitoring a total of at least 12 carrier frequency layers.

2.3	Requirements for 38.133 (NSA operation)
Following we look at the requirements related to the number of carriers the UE would need to monitor when operating NR. As RAN4 is currently only discussing NSA, there would not be a need to discuss Inter-RAT requirements and such discussion could be postponed until SA requirements become relevant. 
Once UE is configured with NR and NSA a UE requirement related to how many NR inter-frequency carriers the UE should be able to monitor is needed. We see that such requirements could be rather like e.g. E-UTRAN inter-frequency monitoring requirements as known from 36.133.

2.3.1	Baseline for defining Requirements
Looking at the way the E-UTRAN inter-frequency monitoring requirements developed over the years, with the need for introducing monitoring of additional carriers in Rel-12 compared to Rel-8, it seems clear, that to define future proof requirements, RAN4 needs to account for the development in the E-URAN requirements.
Proposal 7: RAN4 needs to account for the development in the E-URAN requirements.

2.3.2	Number of NR Inter-frequency Carriers to Monitor
For a Rel-14 UE the E-UTRAN inter-frequency monitoring requirements are:
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
As RAN4 already agreed not to distinguish between FDD and TDD in NR, defining NR requirements based on 8 inter-frequency carriers could in our view be too limiting. RAN4 should also keep in mind that the increase of number of LTE carriers done because of an limitation in Rel-8 numbers which was identified and acknowledged in 3GPP. 
RAN4 should also consider that RAN1 work on NR in unlicensed is about to start in the near future. Such feature will most likely increase the number bands supported by UEs and thereby increase the need for UE to support a high number of carrier’s.
Based on this we think it would need careful considerations. Going lower than Rel-12 requirements and could lead to requirements with limitations and not being very future proof. 
One impact from having many carriers to monitor could be on measurement latencies. However, NR latencies are not yet fully known although we expect cell detection and measurement latencies in NR to be shorter than what is known from E-UTRAN. Therefore, the expected latency in NR cannot be directly compared to what is known from E-UTRAN. To ensure future proof specification we propose that the UE should be able to monitor 12 NR inter-frequency carriers.
Proposal 8: The UE shall be capable of monitoring at least 12 NR inter-frequency carriers.
The monitoring latencies will likely be a function of the number of carriers the network configure the UE to monitor. But the latencies are a consequence of the network configuration and will be known to the network. Therefore, we do recognize the latency impact from measuring many carriers, but we do not see that this should be a deciding factor when it comes to the UE requirement, as it is more or less under network control.
In our paper [8] we have a detailed proposal how to capture the requirements.

2.3.3	Additional number of carriers for LTE RAT
RAN2 has agreed that for NSA PSCell (or SN) cannot configure LTE Inter-RAT measurements. This means that there is no need to discuss how many LTE inter-RAT carriers the UE should be able to monitor. In order to focus the discussions in RAN4 we propose that for NSA RAN4 does consider UE requirements related to number of LTE inter-RAT carriers the UE should be able to monitor. This can be discussed in next phase when discussing NR SA.
Proposal 9: RAN4 does not consider UE requirements related to number of LTE Inter-RAT carriers to monitor in phase 1 (NSA).

2.3.4 Total number of carriers to monitor
As the RAN4 is currently focusing on NSA requirement and not expected to including SA related discussions, it might not be beneficial to discuss Total number of carriers the UE should be able to monitor when NR. We propose to postpone the discussion until SA discussions.

2.4	Total number of carriers discussion
The issue of how to capture the total number of carriers the UE should be able to monitor was discussed in earlier RAN4 meetings. The new challenge here is how to capture from specification point of view a UE requirement which depends on requirements from two different specifications. 
From above discussion, it seems clear that when UE is operating in either RAT the requirement from the specification related to that RAT will be effective. We propose following simple approach:
· When the UE operates in LTE only mode the UE complies with the carrier monitoring requirements from 36.133 concerning the effective and the total number of carriers to monitor.
For completeness (although not yet to be discussed):
· When the UE operates in NR only mode (SA) the requirements from 38.133 applies concerning the effective and the total number of carriers the UE shall be able to monitor.
When operating in NSA there is a need to decide how to define the UE total number of carriers taking into account that both MN and SN can configure the UE with measurement configurations.
When the network configures the UE with an NR PSCell and the UE is operating in NSA, the UE monitoring requirements for LTE changes. When operating in NSA the UE will no longer be required to monitor all legacy radio systems. UE will only be required to monitor LTE and NR.
Observation 2: When UE is operating in NSA it is only required to monitor LTE and NR RAT’s.
This means that some of the resources used for monitoring UTRA and other RAT’s can be released and used for monitoring LTE and NR carriers.
RAN2 has agreed that when operating in NSA the SN cannot configure UE with LTE inter-RAT measurements. I.e. PSCell (or SN) can only configure NR inter-frequency carriers for UE to monitor, when UE is operating in NSA. This leads to the fact, that for the total number of carrier in NSA, RAN4 only need to consider carriers which can be configured by PCell – LTE inter-frequency and NR inter-RAT - and then carriers which can be configured by PSCell – NR inter-frequency carriers.
To progress the discussion, we next discuss some basic principles related to the number of carrier the UE should monitor when the UE is operating in NSA.
1) First, we suggest that the number of carriers the UE shall be able to monitor per RAT (LTE and NR) when operating in NSA, would not exceed the number of carriers the UE should be able to monitor per RAT when not operating in NSA.
E.g. if the UE shall be able to monitor Nfreq, E-UTRA carrier when operating in LTE only, the UE is not required to monitor more than Nfreq, E-UTRA when operating in NSA. 
2) Secondly, we suggest that the total number of carriers the UE should be able to monitor when operating in NSA would be defined separately, and the requirement would be aligned between the 36.133 and 38.133 specification.
I.e. there would be requirements for total number of carrier to monitor when operating LTE alone defined in 36.133 (as currently) and requirements for total number of carrier to monitor when operating NR alone defined in 38.133 (once the SA work starts). Requirements for total number of carrier to monitor when operating in EN-DC could be defined in 36.133 as the PCell is in LTE.
With these two main principles, the next thing to address is the actual total number of carrier. The fact that both MN and SN can configure the UE with measurement configurations is clear. MN can configure both LTE and NR carriers, while NR can configure NR carriers (in phase 1).
Simplest approach is to require the UE to be able to monitor the sum of the total number of carriers for when operating in LTE alone and NR alone. This way the MN and SN can freely configure carriers rather independently without limitations due to configurations by another RAT.
Some companies raised concern about such approach in as this can lead to rather high requirement on UE side. This also not be according to first rule.
One way to reduce the number would be to account for the cross-RAT monitoring requirement in some form. E.g. once UE is configured with NSA the UE total monitoring requirement could account inter-RAT carriers by reducing total number of carriers to monitor by the number of inter-RAT carriers. However, this approach could complicate the network measurement configuration handling. If this number is still too high rule 1 could be applied.
How to account for cross-RAT carrier configuration is FFS.  
3	Conclusion
In this paper, we discuss the UE requirements related to the number of carriers for both 36.133 and 38.133.
Concerning requirements for 36.133 in non-NSA operation we propose:
Proposal 1: When including NR requirements into LTE specification these should be included in addition to existing requirements.
Proposal 2: Rel-14 requirements shall be used as baseline when discussing total number of carriers to monitor.
Proposal 3: An NR capable UE shall support a number of NR carriers in addition to existing monitoring requirements.
Proposal 4: When operating in LTE, the UE shall be capable of monitoring at least 4 NR inter-RAT carriers.
Proposal 5: When operating in LTE, the NR-RAT capable UE shall be capable of monitoring a total of at least 15 carrier frequency layers.
Proposal 6: When operating in LTE with EN-DC, the UE shall be capable of monitoring a total of at least 12 carrier frequency layers.

Concerning requirements for 38.133 for NSA operation we propose:
Proposal 7: RAN4 needs to account for the development in the E-URAN requirements.
Proposal 8: The UE shall be capable of monitoring at least 12 NR inter-frequency carriers.
Proposal 9: RAN4 does not consider UE requirements related to number of LTE Inter-RAT carriers to monitor in phase 1 (NSA).

Regarding the total number of carriers the UE shall be able to monitor when operating in NSA we have proposal in [7, 8].
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