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1. Introduction
In last RAN4 #83 meeting, the UE capability for NR was discussed but no consensus was made. In [1], we analysed UE capability from different dimensions to be a starting point for the measurement requirement discussion, e.g. number of cells, number of beams, number of frequency layers to be monitored and number of numerologies to handle in parallel. At the meanwhile, in RAN2 there was a related discussion on measurement capability as well in RAN2 #98 meeting, and a LS [2] was sent to RAN4. RAN2 has five questions in their LS and all of these questions are related with the UE measurement capability, duplicated as below, 
	Q1: Will RAN4 specify UE requirements on;

a) the total number of measurable objects across LTE and NR? 
b) the total number of configurable measurement events across LTE and NR?

Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?


Since we got some comments in the last RAN4 meeting for [1], in this contribution we would like to further discuss the NR UE capability based on [1], and also have analysis on RAN2 questions to draft a reply LS. The reply LS to RAN2 is also provided in this meeting [3].
2. Clarification on the definition for intra-/inter-frequency in NSA NR

In this stage we shall 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 based on the high layer design for the LTE+NR DC, UE can have separated RRC layer/entities for LTE PCell and NR PSCell. In the legacy LTE, the PCell and PScell has one identical RRC layer/entity for measurement configuration, but the architecture was changed for NR and that means UE shall manipulate the measurement configuration separated from PCell RRC and PSCell RRC. 
As discussed in [1], the main principle from our perspective is: regarding NSA NR, if the frequency layer of target NR cell for measurement is different from the frequency layers of current NR PSCell or SCell in SCG, then it is considered as inter-frequency measurement; otherwise it’s an NR intra-frequency measurement. Even though it’s an NR intra-frequency measurement, it may still need to use gap if e.g. Rx beamforming switching happens or SS PRBs are different from serving cell signal receiving PRBs. 
For instance, UE is working on NSA NR 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). The detailed explanation is shown in the following table for this example,
Table 1. Example to clarify the definition of inter/intra-frequency measurement

	Serving cells of DC
	Target neighbor cells for measurement
	Intra-frequency or Inter-frequency  measurement requirement
	Comments

	PCell(LTE cell on F1)  

PSCell (NR cell on F2)
	LTE cells on F1
	Intra-frequency
	Same frequency and RAT as PCell 

	
	NR cells on F1
	Inter-frequency
	Same frequency as PCell but different RAT from PCell

	
	LTE cells on F2
	Inter-frequency
	Same frequency as PSCell but different RAT from PSCell

	
	NR cells on F2
	Intra-frequency (with/without Gap)
	Same frequency and RAT as PSCell

	
	LTE/NR cells on F3
	Inter-frequency
	Different frequency from PCell and PSCell


Proposal 1: For the NSA NR DC UE, only if the target cell for measurement is on the same frequency layer and same RAT as one of the current serving cells of this DC UE, it can be defined as an intra-frequency cell measurement (NR intra-frequency measurement may need measurement gap); otherwise it shall be defined as inter-frequency cell measurement.
3. Further discussion on capability of monitoring cell number
In last meeting, some companies would like to use the simulation approach to figure out the SINR distribution of the NR network topology and then decide the side condition for the NR requirement, since the number of cells to monitor may vary due to the different side condition. The logic makes sense, but the only thing need to check is whether the side condition for NR will be quite different from LTE or not. The system level simulation is definitely the best approach to figure out the side condition, but here we may also use the network deployment assumptions to check if there is big difference between LTE and NR topologies. 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. The number of intra-frequency cells for measurement is decided by the network deployments and UE capability (internal measurement resource). 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. 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.
In addition, the NR intra-frequency measurement may gap as inter-frequency case, and therefore the capability of 8 cells measurement is only for the intra-frequency measurement without gap. Thus, regarding both network deployment and UE complexity, we propose to reuse the 8 identified-intra-frequency cells for NR intra-frequency measurement (without gap) capability baseline.

In the current legacy LTE, 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. But the intra-frequency measurement with gap shall also be considered as an inter-frequency case.
Regarding the beamforming in some frequency range, the UE may need more time to perform the beam identification/measurement for the target cell instead of omnidirectional cell identification/measurement; however, it may only extend the identification/measurement period for the UE instead of changing the capability of this UE. So that means the UE measurement capability for the number of cells to monitor shall be independent to the frequency range.
Proposal 2: For intra-frequency measurement without gap, the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells. For inter-frequency measurement and intra-frequency measurement with gap, the NR UE shall be capable of performing measurements of at least 4 cells per FDD/TDD frequency for up to 3 FDD/TDD frequencies.
Proposal 3: The UE measurement capability for the number of cells to monitor shall be independent to the frequency range
4. Further discussion on capability number of beams

The beams used in measurement may include Tx beam at gNB side and Rx beam at UE side. 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.
But as discussed in last meeting, Rx beam switching may cause interruption to the serving cell signal receiving, and therefore the Rx beamforming margin may also considered in the gap design. 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.
5. Further 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,
Table 2. Legacy LTE UE capability

	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.
Proposal 6: IncMon feature shall be deprioritized in this stage for the UE capability requirement.

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 7: 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.


6. Discussion on RAN2 LS

Based on some of the analysis in the above sections, the followings are the discussion and proposed answers to RAN2 LS. 
(Q1: Will RAN4 specify UE requirements on;

a) the total number of measurable objects across LTE and NR? 
b) the total number of configurable measurement events across LTE and NR?

[Discussion]: 

Regarding LTE, the UE capability requirement defined in RAN4 focus on supported frequency layer number or cell number on each frequency layer, instead of the measurement object. So we don’t believe RAN4 need to define the UE capability in terms of measurement object number. In LTE, it is typically to configure one measurement object to UE on one frequency layer, but in NR networks, if NR and LTE RATs coexist on one frequency layer, the measurement objects might need to be differentiated for NR and LTE cells even though those NR and LTE cells are on the same frequency layer.
In the TS36.133 section 8.2, the capabilities of support of event triggering and reporting criteria are specified which includes EUTRAN, UTRAN and other RATs event, and therefore we can use the same methodology for defining the requirement for configurable measurement events across LTE and NR, that is, the number of measurement event for both LTE and NR shall be captured in TS38.133. And of course, the measurement events shall be differentiated between LTE and NR.
[Proposed answer to Q1]:

a) No. RAN4 only specify UE requirement on the total number of frequency layers across LTE and NR, but the measurement objects might need to be differentiated for NR and LTE cells even though those NR and LTE cells are on the same frequency layer.
b) Yes. And the measurement events shall be differentiated between LTE and NR.
(Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

[Discussion]: 
Even though RAN4 will not define the requirement for the number of measurement object, it’s also worthwhile to clarify the RAN4 understanding on this question. If the measurement objects on the same frequency are exactly same (except the object ID), i.e. same parameters and same RATs, then the UE only need to count them as 1 measurement object since these two measurement configurations from MN eNB and SN gNB will not increase any work load or complexity for the UE measurement behaviour compared with a single measurement configuration. However, for instance, if two objects are configured on the same frequency layer for LTE and NR measurement respectively, the LTE/NR measurement requirement may be impacted since UE may use resource to perform both LTE and NR cells on the same frequency.
[Proposed answer to Q2]: Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly same (except object ID), it can be counted as 1 measured object; otherwise it shall be counted as 2 measured objects. 
(Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object? 

[Discussion]: same analysis as in Q2.
[Proposed answer to Q3]: No. Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly the same (except object ID), it should be counted as 1 measured object.
(Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

[Discussion]:
In order to regard the two measurement object configurations from both MN and SN as one measurement object, the configurations from MN and SN shall be exactly same as we discussed above. The only parameters which can be allowed to differ is the measurement object ID, since the different object ID will not impact the UE measurement behaviour. The other parameters, e.g. all NAI parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.
[Proposed answer to Q4]:

The only parameters which can be allowed to differ is the measurement object ID. The other parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.

(Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?

[Discussion]: 

In LTE requirements, since UE may support both LTE and UMTS RATs, the capability requirement specifies the total number of carrier frequencies for both LTE and UMTS, and additionally RAN4 has a capability requirement for each RAT group, which is duplicated in table 2 in section 5 of this contribution. So beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group. 
[Proposed answer to Q5]:
Beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group.
7. Conclusions

in this contribution we would like to further discuss the NR UE capability based on [1], and also have analysis on RAN2 questions to draft a reply LS.
Proposal 1: For the NSA NR DC UE, only if the target cell for measurement is on the same frequency layer and same RAT as one of the current serving cells of this DC UE, it can be defined as an intra-frequency cell measurement (NR intra-frequency measurement may need measurement gap); otherwise it shall be defined as inter-frequency cell measurement.

Proposal 2: For intra-frequency measurement without gap, the NR UE shall be capable of performing measurements for 8 identified-intra-frequency NR cells. For inter-frequency measurement and intra-frequency measurement with gap, the NR UE shall be capable of performing measurements of at least 4 cells per FDD/TDD frequency for up to 3 FDD/TDD frequencies.
Proposal 3: The UE measurement capability for the number of cells to monitor shall be independent to the frequency range
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: IncMon feature shall be deprioritized in this stage for the UE capability requirement.

Proposal 7: 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 8: 
Q1: Will RAN4 specify UE requirements on;

a) the total number of measurable objects across LTE and NR? 
b) the total number of configurable measurement events across LTE and NR?

[RAN4]:
a) No. RAN4 only specify UE requirement on the total number of frequency layers across LTE and NR, but the measurement objects might need to be differentiated for NR and LTE cells even though those NR and LTE cells are on the same frequency layer.

b) Yes. And the measurement events shall be differentiated between LTE and NR.

Q2: if the answer to Q1-a) is Yes, and if both the MN and SN separately configure a measurement object on the same carrier frequency (e.g. the MN eNB RRC configures an inter-RAT NR measurement on a given carrier and the SN gNB RRC configures an intra-RAT NR measurements on the same - serving or non-serving - carrier frequency), should it be counted as 1 or 2 measured objects?

[RAN4]: Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly same (except object ID), it can be counted as 1 measured object; otherwise it shall be counted as 2 measured objects.

Q3: Would the answer to Q2 be dependent on differences in configuration of the measurement object?

[RAN4]: No. Only if the measurement configurations from MN and SN are targeting the same carrier frequency and all the parameters in those configurations are exactly the same (except object ID), it should be counted as 1 measured object.
Q4: If MN and SN are to separately configure a measurement object on the same carrier frequency as in Q2, which parameters need to be configured with the same value (i.e., would need to be coordinated between the MN and SN) and which can be allowed to differ, in order to regard the two measurement object configurations from both MN and SN as one measurement object?

· For example, the parameters included in E-UTRA measurement object are listed in Annex.

· Any other parameters to be specified for NR, if any.

[RAN4]: The only parameters which can be allowed to differ is the measurement object ID. The other parameters, shall be configured with the exactly same values in these two measurement configurations to regard the two measurement object configurations from both MN and SN as one measurement object.
Q5: In addition to Q1, will RAN4 specify additional UE requirements for which the UE requirement across inter-RATs is not the union of the one for each RAT (like the number of measurable carriers)?
[RAN4]: Beside the measurement capability requirement on the total number of carrier frequencies for the all supported RATs, RAN4 will also define the capability requirement on the number of carrier frequencies per RAT group.
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