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1. Introduction
In RAN2#98 meeting, LS [1] was sent to RAN4 to seek for feedback on UE measurement capabilities across NR and LTE.
	For LTE-NR Dual Connectivity covering all options (i.e. Option 3/4/7 series, now also known as Multi-RAT Dual Connectivity, MR-DC), RAN2 has been investigating how measurements are configured for MCG and SCG. In terms of UE measurement capabilities, RAN2 understands that at least, the total number of measured carriers needs to be coordinated between the Master Node (MN) and the Secondary Node (SN) so that it does not go beyond the UE capability. Apart from this, it is not clear if there are any other UE capabilities related to measurements for which coordination is required across LTE and NR. Since the measurement capability falls into the realm of RAN4, RAN4 feedback is deemed as necessary, in particular to the following questions:
When a UE is configured with MR-DC: 

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)?


In this contribution we provide our analysis on the UE measurement capabilities related to the questions in the LS.
2. Discussion
The UE measurement capabilities defined in RAN4 include number of frequency layers and number of cells the UE shall be capable of monitoring and performing measurement. RAN4 will also define requirements on number of beams the UE shall be capable of measuring in NR. Besides the requirements of capabilities for support of event triggering and reporting criteria are also specified.
Regarding the frequency layers, requirements are specified for not only the total number of frequency layers excluding the frequencies of the PCell, SCells, and PSCell, but also the number of frequency layers per RAT group. In LTE, when increased UE carrier monitoring is not considered, the total number of frequency layers the UE should monitor is at least 7 and depending on UE capability UE should monitor at least 3 EUTRA FDD frequency layers, 3 EUTRA TDD frequency layers, 3 UTRA FDD frequency layers etc.
For event trigger reporting, the UE is requested to make measurements under different measurement identities defined in TS 36.331. Each measurement identity corresponds to either event based reporting, periodic reporting, logged measurement reporting or no reporting. The UE shall be able to support in parallel measurements per measurement category which could be intra-frequency cells, inter-frequency cells, and inter-RAT per supported RAT. The parallel measurements UE should support per measurement category are specified and the maximum total number of reporting criteria UE should support is also specified.
RAN2 is investigating measurement configuration for NSA NR. The UE measurement capabilities would impact how the measurement configuration is done. So there are some questions on UE measurement capabilities were asked.
For Q1-a RAN4 will not specify requirements on the total number of measurement object across NR and LTE. As analysis above RAN4 will specify requirements for number of carrier frequency layers and number of event triggered reporting criterion etc. The carrier frequency is contained in the measurement object but requirements for frequency layer cannot be applied to directly. Furthermore measurement object has to be linked with reporting criterion by measurement identity so that UE can do measurement accordingly. It’s not feasible to define requirements only for measurement object.
For Q1-b it is related to the UE measurement capability requirements for event triggered reporting. RAN4 defined corresponding requirements in LTE so it should also be defined for NSA and SA NR either. 
Q2 and Q3 depend on the positive answer of Q1-a. Since the answer to Q1-a is no it seems there is no need to answer Q2 and Q3. However we would like to discuss a little bit more about the Q2. In the LTE PCell and NR PSCell DC scenario, measurements can be configured by LTE PCell and NR PSCell separately. If the measurement is configured with the same carrier frequency carriers, RAN2 is wondering if it should be counted as 1 or 2 measurements. From carrier frequency layer point of view, it should be considered as one frequency layer measurement. As mentioned earlier the UE performs measurement based on measurement identity which links the measurement object and reporting criterion. For the same measurement object there would be multiple identities that link the measurement object to different reporting criterions. Each measurement identity is considered to be a different event. 

The measurement configured from LTE PCell and NR PSCell separately. Even if it is on the same carrier frequency it is inter RAT measurement from LTE PCell measurement configuration perspective and inter-frequency measurement from NR PSCell measurement configuration perspective. According to LTE event reporting requirements the configured measurements is considered to be 2 measurements. However if the measurement object is almost the same and reporting criterion is similar it is not reasonable to just take it as 2 measurements. This will not happen in LTE as the configuration is done by PCell only. In NSA NR due to lack of coordination this might happen. Therefore RAN4 may need to study further on event triggering report requirements for NSA NR.
From measurement itself perspective the difference in measurement object may lead to different measurement. For example if wideband RSRQ is enabled in one measurement object but not in the other one, even if the reporting criterion is the same, it would be different measurement.
Observation 1 RAN4 may need to study further on the event trigger reporting requirements if measurement configurations are from LTE PCell and NR PSCell separately.

Regarding Q4, as discussed above even if the measurement object are exactly the same, it would be a different measurement if the event trigger reporting criterion is different. It’s not possible to conclude that two measurement object configuration can be considered a one measurement under the condition that some or all of the parameters in the measurement object is the same.
For Q5, RAN4 will define requirements for not only SA NR, but also NSA NR. The requirement for NSA NR is not based on the union of the separate RATs.

Based on the analysis above, the reply LS could be drafted as follows.

Regarding the requirements for UE measurement capabilities in RAN4 the number of frequency layers and number of cells the UE shall be capable of monitoring and performing measurement is specified. RAN4 will also define requirements on number of beams the UE shall be capable of measuring in NR. Besides the requirements of capabilities for support of event triggering and reporting criteria are also specified.

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?

Answer: For Q1-a, no. RAN4 will not define UE requirements for the total number of measurable objects across LTE and NR. For Q1-b, yes.
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.

Answer: From carrier frequency layer point of view, it should be considered as one frequency layer measurement. However it cannot draw conclusion that two measurement object configuration can be considered as one measurement under the condition that some or all of the parameters in the measurement object is the same because the UE performs measurement based on measurement identity which links the measurement object and reporting criterion. For the same measurement object there would be multiple identities that link the measurement object to different reporting criterions. RAN4 will further study on the event trigger reporting requirements when measurement configurations are from LTE PCell and NR PSCell separately.
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)?
Answer: RAN4 will define requirements for not only SA NR, but also NSA NR. The requirement for NSA NR is not based on the union of the separate RATs.
3. Conclusion
In this contribution, we provide our analysis on the UE measurement capabilities related to the questions in the LS.
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