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1	Introduction 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK132][bookmark: OLE_LINK133]In [1], a WF on RRM was agreed, with the following measurement capabilities related topics suggested for further discussion during RAN4-NR#2 meeting:
· Companies are encouraged to discuss whether RAN4 should involved in discussion of definitions of intra-frequency and inter-frequency.
· Further evaluate the capabilities for number of inter-frequency ad inter-RAT frequency layers to measure
· Further evaluate the need for FDD/TDD differentiation in the number of carriers to measure
· Further discussion on the methodology for determining capability for number of cells, number of beams etc to measure
In this contribution, we provide our view about the 1st bullet in Section 2 and last bullet in Section 3.
2	Definition of Inter-frequency and Intra-frequency 
In last meeting, RAN4 spent a lot of time in evening ad-hoc discussing the definitions of intra-frequency and inter-frequency in NR. Companies had different views not only on the definition part but also on the need of this definition discussion in RAN4. In our understanding, the definitions of intra-frequency and inter-frequency would be a prerequisite before discussing the UE measurement capability. On the other hand, this issue was not addressed in other working groups yet. To facilitate RAN4 RRM discussions, we suggest RAN4 to deliver the definitions from RAN4 viewpoints and send LS to other working groups for confirmation.

Comparing with LTE, the need of clarifying the definitions of intra-frequency and inter-frequency is motivated by the following scenarios:
· Scenario 1: RX beam sweeping is introduced in NR. A UE, which communicates with a gNB through one of its RX beam direction (e.g., RX beam#1), may exploit other RX beams (e.g., RX beam#2, #3, … ) for better DL performance and/or to accommodate time-varying channel. During the RX sweeping processing, UE may not be able to keep monitoring NR-PDCCH. 
i. Certain time duration is needed for UE to switch its Rx beam direction, while the exact time duration depends on UE’s implementation. 
ii. After switching to other beams from Rx beam#1, it is not guaranteed that UE can keep communicating with a gNB due to channel quality changes. 
For above 2 cases, a measurement gap would be needed, making the UE behavior rather similar to LTE’s inter-frequency measurement.
· Scenario 2: UE is scheduled to a bandwidth part (BWP-1) which does not overlap with the PRBs occupied by any SS blocks (PSS, SSS and PBCH). Once UE performs measurement for the serving and neighboring cells, it needs to re-tune its RF and switch the BWP-2 which overlaps with SS block.  
2-1.	If the BWP-2 is wider than the SS block in frequency domain, such that there is still sufficient number of un-used PRBs that can be used to schedule the UE (assuming that beamforming is not considered). Then UE can still be scheduled.
	2-2.	If the BWP-2 is not wider than SS block, then UE cannot be scheduled in BWP-2. In this case, the UE behavior would be rather similar to LTE’s inter-frequency measurement for which a measurement gap was required.
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Figure 1. Scenarios with BWP: (a) 2-1 and (b) 2-2

· Scenario 3: Just like LTE, UE will be required to perform measurement on other carrier frequencies in NR. For an example, the EARFCN-Value is not the same as the carrier frequency of serving cell(s). A gap for serving cell scheduling would still be required. 

Based on above discussion, we provide a summary in Table 1.

Table 1 Summary of different cases 
	Scenario
	<Rule 1>
Same EARFCN-Value as the serving cell(s)
	<Rule 2>
Need of UE RF Tuning
	<Rule 3>
Gap required for scheduling in serving cells

	1
	yes
	No
	Yes

	2-1
	yes
	Yes
	No

	2-2
	yes
	Yes
	Yes

	3
	No 
	Yes
	Yes



As shown in Table 1, we see that different scenarios may or may not have the need of UE RF tuning and the need of gap for scheduling in serving cell. Among the 3 rules, we see some issues for Rule 2 and 3, as listed below. 
· By Rule 3, scenario 1 becomes inter-frequency measurement though there is no EARFCN change. We think it is not a sensible modeling. 
· By Rule 2, intra-frequency measurement and inter-frequency measurement highly depends on BWP. It complicates in both specification narratives and network/UE implementation, if the requirements and capabilities of intra-frequency and inter-frequency are different.
[bookmark: _Ref485060580]Observation 1: Intra-frequency/inter-frequency is defined whether the targets have same ARFCN-Value as the serving cell(s).
[bookmark: _Ref485310892]Proposal 1: Definition of intra-frequency measurement: The ARFCN-Value configured in the measurement object is the same as the carrier frequency of the serving cell(s).
3	Measurement Capability on NSA
In RAN2#98 meeting, agreements were reached and captured for NSA in [2] that a total number of measured carriers will be coordinated between the Master Node and the Secondary Node, and it should not go beyond the UE capability. However, just keeping a total number of measured carriers in NSA without distinguishing between LTE and NR would be risky because the complexity of measuring LTE and NR carriers are not the same. In our opinion, the discussion on UE measurement capability should take UE’s complexity into account. In terms of measurement, NR is fundamentally different to LTE on at least the following aspects:
· SS burst set periodicity
· Multiple beams per cell 
· PBCH decoding

SS burst set periodicity
The existence of SS block which carries the RS for measurements (i.e., SSS and/or PBCH DMRS) is not guaranteed in every 5ms. It is now depending on the SS burst set periodicity, which is 20ms for initial access and {5, 10, 20, 40, 80, 160} for the case when assistance information is available. This implies that UE needs to perform intra-cell measurement on particular durations where the SS blocks of serving and/or neighboring cells exist. Note that in LTE, there is no such a constraint for intra-frequency measurement (expect for the case with DMTC). We believe the implementation (such as scheduling of baseband resource for measurement) for NR should be more complicated than LTE to accommodate this constraint.
[bookmark: _Ref485060557]Observation 2: More complicated UE implementation than LTE is expected to accommodate the periodicity of SS burst set in NR.

Multiple beams per cell
When multiple beams are adopted by a cell, each SS block is expected to represent a beam direction. In other words, each beam will have its own SSS for UE to measure and PBCH for UE to decode. In last RAN2 meeting, agreement was reached (captured below) that UE will consolidate the best N beam-level measurements to come out a cell-level measurement. 
Agreements for combining of beam measurements if N > 1:
1	Averaging will be based on power values (i.e. not dBm values)
Working assumption: Average of up to best N of the detected beams above absolute threshold
One may argue that some beams may be in the directions that are not detectable to UE. However, UE may still need to try all possible SS block locations to know about this. Although there could be some detail about how UE obtains the measurements on the best N beams, we think this roughly implies that the complexity of measurement on a single cell is increased by the number of beams per cell, when comparing with LTE. 
[bookmark: _Ref485060561]Observation 3: The complexity of measurement on a single NR cell is generally increased by the number of beams per cell, when comparing with LTE.

PBCH decoding
In LTE, PBCH decoding is not necessary during measurement. However, in NR, UE needs to know the time index of the detected beam, which is encoded with other information in MIB. This mandates UE to decode PBCH before reporting. So far, some of the detail design of PBCH is still under discussion in RAN1, such as the RS, payload size, channel coding detail. Hence, the complexity of PBCH demodulation is still not concluded. We believe that the decoding PBCH is unavoidable, making the complexity of measurement on NR definitely higher than LTE. 
[bookmark: _Ref485060569]Observation 4: The decoding of PBCH further increases the complexity of measurement on NR over LTE.

There are other factors that make the measurement complexity on NR to be higher than LTE, such as the number of SSS hypotheses, mixed-numerology between SS blocks and CSI-RS, availability of time/frequency tracking RS, …, etc. Therefore, we suggest RAN4 to take into account UE complexity when discussing UE measurement capability in NR. 
[bookmark: _Ref485060583]Proposal 3: RAN4 to take into account UE complexity when discussing UE measurement capability in NR.

Since the complexity is different, it is necessary for RAN4 to study whether the capability of measuring LTE and NR objects can be specified separately.
[bookmark: _Ref485060586]Proposal 4: Measurement capability for NR and LTE carriers in NSA mode should be determined separately.

As mentioned before, the introduction of beams is expected to increase UE’s measurement complexity significantly. Therefore a new dimension in defining UE measurement capability should be added. One simple question to ask is “how many beams per cell that UE at least needs to detect”. The answer could depend on many factors such as frequency range, deployment scenario, beamforming and UE complexity. It is very important for RAN4 to first clarify the capabilities of beam-level measurement and cell-level measurement. In our opinion, we see at least 2 directions in defining the capability:
· Alt 1 : UE shall be capable of performing measurements for at least X identified cells with at least Y beams per cell
· Alt 2 : UE shall be capable of performing measurements at least Y beams which span among at least X identified cells
Alt 1 is more robust due to treating different cells equally, but may mandate UE to keep searching for beams with very small receive signal strength. In contrast, Alt 2 would be better to reflect the real environment experienced by the UE, but may provides insufficient information of beams of neighboring cells, leading some robustness issue.
[bookmark: _Ref485060591]Proposal 5: RAN4 to first clarify the relation between capability of beam-level measurement and capability of cell-level measurement.
3	Summary 
In this paper, we provide our view on the definition of intra-frequency and inter-frequency, as well as the concerns on UE measurement capability. We have the following observations and proposals:

Observation 1: Intra-frequency/inter-frequency is defined whether the targets have 
Observation 2: More complicated UE implementation than LTE is expected to accommodate the periodicity of SS burst set in NR.
Observation 3: The complexity of measurement on a single NR cell is generally increased by the number of beams per cell, when comparing with LTE.
Observation 4: The decoding of PBCH further increases the complexity of measurement on NR over LTE.

Proposal 1: Definition of intra-frequency measurement: The ARFCN-Value configured in the measurement object is the same as the carrier frequency of the serving cell(s).
Proposal 3: RAN4 to take into account UE complexity when discussing UE measurement capability in NR.
Proposal 4: Measurement capability for NR and LTE carriers in NSA mode should be determined separately.
Proposal 5: RAN4 to first clarify the relation between capability of beam-level measurement and capability of cell-level measurement.
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