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Introduction
[bookmark: _Hlk115443636]Release-18 Further NR Mobility Enhancements (NR_Mob_Enh2) work item studies FR2 SCG/SCell measurement acquisition procedures and looks into enhancements and mechanisms to improve FR2 DC/CA setup/resume delays. Objective 7 described below is one of the study items relevant to this improvement.  
	RP- 222332, 3GPP TSG RAN Meeting #97e: 

7.	To study the following, with completion targeted by RAN#98 meeting [RAN4]:
· The impact of FR2 RRM mobility measurement acquisition and reporting on FR2 SCell/SCG setup/resume delay for a UE connecting from idle/inactive mode. 
· The level of feasible improvement in FR2 SCell/SCG setup delay from defining new UE measurement procedures and RRM core requirements, and whether additional information from the network would help the UE to perform those measurements effectively. The following sequence of events should be assumed.
· The UE initiates and performs improved measurements when it requests RRC connection setup/resume.
· After acquiring those improved measurements, the UE subsequently reports those measurements to the network to support SCell/SCG setup.




[bookmark: _Toc114562704][bookmark: _Toc114566105][bookmark: _Toc114566350][bookmark: _Toc114573237][bookmark: _Toc114573302][bookmark: _Toc114573306][bookmark: _Toc114581837][bookmark: _Toc114654617]Our previous contribution presented system-level evaluations clearly showing the benefits of faster FR2 DC/CA establishment [2]. To summarise, fast DC/CA resume/setup enables user data transmission with lower latency and higher throughput, enhances load balancing, and contributes to lower UE energy consumption. Since the bandwidth parts are usually larger in FR2 than FR1, the achieved gain of a faster SCell/PScell setup is considerable. Furthermore, with a shorter setup delay we observe a reduction in UE energy consumption due to faster offload and release of the connection.
[bookmark: _Hlk114583505]Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption.
In FR2 SCell/PScell there is clear benefit of having fast measurements available in connected mode especially for the UE transitioning from idle/inactive mode.
The next natural phase for the discussion is to define one or more leading scenarios. In our view FR1 PCell with potential target SCell/PSCell in FR2 is a clear scenario of interest, and having feasible solutions for FR1-FR2 (FR1 Pcell and FR2 PScell/Scell) establishment should be one scenario. This contribution addresses the scenario, solution feasibility, as well as other issues raised by the companies during RAN4 #104e meeting email discussions [3].


Discussion

FR1 – FR2 DC/CA, and reporting existing measurements 
In order to benefit from FR2 DC/CA generally, UEs need to be able to establish the DC/CA connection in a reasonable time before ending the data transmission. In the last meeting, it was observed that 50% of the UEs stays in idle/inactive mode for around 25-30 sec and more than 80% of the UEs stay in idle/inactive mode for less than 100 sec. This was backed up by real network data monitoring [4]. This means that with the current requirements, even when EMR have been configured, UE may not have enough time to detect and measure cell/carrier frequency and report the results in most of the FR2 scenarios. For UEs that do not support EMR, or non-EMR UEs, the situation is similar. 
Due to the FR2 measurement delays it may be common scenario that UE cannot finish FR2 CA/DC measurements before ending the data transmission
A UE that supports one or more RRC_IDLE/RRC_INACTIVE measurement capabilities listed in appendix A is considered to be a UE, which is capable of doing Early Measurement Reporting, or EMR UE. A UE not supporting the listed capabilities is considered to be non-EMR UE. Both cases should be considered in the study. It is worth noticing that some of the EMR capabilities are FR1-FR2 separated, meaning that in some cases UEs are EMR-UEs in FR2 but not necessarily in FR1 and vice versa. 
Some of the EMR capabilities are FR1-FR2 separated (UE can decide to support them independently from each other). 
Both EMR non-EMR UEs should be considered in this study (i.e. support of Rel-16 EMR need not be a prerequisite for this study). 
As a baseline, we assume that the DC/CA PScell/Scell establishment focus is on enabling enhancements related to detect and connect to one cell in FR2 – the first cell in an FR2 band. Once the first cell in a carrier frequency is active, activation (measurement) delay of further SCell in same band does not add significantly more delay compared to the activation delay for the first cell. We think that getting FR1 and FR2 CA/DC running fast is the most common use case, and there are ways to implement solutions that are feasible from both, the network, and UE point of view. Feasible implementations should consider both, UE and Network complexity, and power consumption aspects of the solutions.  
We can discuss various scenarios but for the current, real network deployment needs, it is beneficial to define a baseline case, as well as feasible solutions. We should assume a practical case is where UE has some previous measurements, which are valid. These measurements are then conveyed to the network for fast DC/CA establishment. 
Previous and valid UE FR2 measurements are conveyed to the network for fast FR2 DC/CA establishment.
In the case where UE has valid FR2 measurements, there is no reason why the measurements should not be reported to the network. Faster reporting of valid measurements allows the network to timely establish DC/CA and allocate more resources to the UE, enabling faster transmission the pending data. Fast data offloading enables faster release of the UE to idle/inactive mode allowing power saving.  Additionally, not reporting the existing measurements would clearly be a waste of precious UE power. In the worst case, UE would discard existing measurements just to perform new measurements which are identical to the old ones. This applies to both EMR and non-EMR UEs.
  
Not reporting existing measurements would be waste of UE power and may lead UE to consume even more power on performing new measurements. This applies to both EMR and non-EMR UEs
For instance, one relevant and prevalent case is when UE has not moved since connection is released and is transitioning from idle to connected mode. In this case, UE measurements are still valid and reporting results should be as fast as possible. From network point of view, there needs to be a way for the network to evaluate the UE measurements, therefore, it is important to consider validity conditions for the measurements.  
UE will report existing measurements to the network starting from RRC connection establishment, or during connected mode. 
The UE measurement validity conditions are currently no handled in EMR and could be considered in this study 
We understand the energy consumption concerns around the T331 timer expiration. For fast FR1-FR2 DC/CA establishment, it is important that a feasible solution is operational regardless of T331 timer expiry. As mentioned above, when UE  existing measurements  are valid, regardless of timer T331 expiry, UE should be able to report these to the network either during or after RRC connection setup/resume. This would mean that there is a possibility to find feasible solutions that work for both, EMR and non-EMR UEs. 
Feasible solutions should work regardless of T331 status (expired or not), but EMR enhancements are not excluded. 
In general, we assume that one case would be UE configured with idle mode CA/DC and T331 running. Another case would be UE configured with idle mode CA/DC but T331 has expired. And then we also believe solutions for devices not supporting idle CA/DC measurements could also be discussed.
FR2 cell measurements during connection setup
We suggest that the network can configure the UE to continue measurements on one or more carriers during the connection setup and potentially during a period of time while in connected mode. The point of time when this is done can be precisely defined in RRC procedures, and RAN4 requirements can then be defined according to that.  Since FR1 and FR2 are built as independent modules at the UE, it is possible to perform FR2 measurements during connection setup, and connected mode without interruption. 
UE can be configured to perform FR2 cell measurements during connection setup (i.e. paging, RRC connection establishment, RRC connection resume). 
Expected improvement would be that an FR2 cell will be measured during connection setup phase, improving the time available for measurements and thus reducing the measurement delay. This can also be applied for a UE not supporting EMR or for a UE supporting EMR but T331 has expired.
Maintaining configuration
It is proposed that the UE can be configured to maintain configuration information regarding the measurements with respect to the one or more detected cells after connection release or when data exchange is suspended. The UE would then perform measurements according to the configuration at connection setup or when the data exchange is resumed.
UE can be configured to maintain configuration of previous serving cells for EMR purposes.
Expected improvement would be that the UE is aware of the measurement configuration before being configured with such after entering connected mode. Assuming UE can perform the measurements in FR2 independently from FR1, the UE which conditions have not changed significantly (still within coverage of the same FR2 cell) can reduce the overall measurement delay.
Applicable scenarios 
In the last meeting, it was agreed as a way forward that the enhanced measurement at least applies to scenarios that the EMR measurement results are unavailable or invalid. In addition to the scenario where measurements are invalid, it is important to consider scenarios where EMR measurements are valid. 
Scenarios where measurements are available and valid should be included. 
Scenarios marked as “included” in the following table, should be included
	Scenario
(PCell + PScell/Scell)
	Priority
	EMR FR2 measurements are available and valid
	EMR-FR2 measurements are not available / invalid
	Non-EMR FR2 measurements available and valid
	Non-EMR FR2 Measurements not available / invalid

	FR1 + FR2 CA
	1
	Included 
	Agreed in WF
	Included 
	Agreed in WF

	FR1 + FR2 DC
	1
	Included 
	Agreed in WF
	Included 
	Agreed in WF

	FR2 + FR2 DC/ CA  
(Independent beam management)
	2
	Included 
	FFS
	Included 
	FFS


Table 1: FR1-FR2, FR2-FR2 scenarios  
Number of active RF chains
During the last meeting, there was a discussion number of active RF chains when performing enhanced measurement. From the discussions, it was not clear whether companies meant that there are 1 or more RF chains for FR2. We think that a reasonable baseline assumption is that there is at least one RF chain for each FR, one for FR1 and another for FR2. 
[bookmark: _Toc114573244][bookmark: _Toc114573253][bookmark: _Toc114581844][bookmark: _Toc114654609][bookmark: _Toc114654627]Inter-band CA and DC, UE is assumed to have two active RF chains (one for each FR) 
The number of EMR carriers to be measured for improved measurement was also identified as a potential direction. It is not yet clear how to select the frequency layers for improved measurement or how many frequency layers to measure per scenario. More carriers cause more measurement delays, so we should consider reducing the number of carriers. It is worth noticing that, at least for EMR UEs, the network can already reduce the latency by reducing the number of carriers in the EMR configuration.  
[bookmark: _Toc114581846][bookmark: _Toc114654611][bookmark: _Toc114654629]During fast FR2 setup/resume measurements, the number of carriers is reduced. The exact number is FFS
Reduce the scaling factor of Rx beam sweeping
Reducing the Rx sweeping factor for measurement acquisition will help reducing the potential overall CA/DC setup for FR2. However, one should also be careful not reducing the measurement effort (e.g. scaling) to a level which may impact the measurement accuracy. Reducing the measurement accuracy of the reported results can have negative impact on the CA/DC configuration – hence, could in worst case lead to using wrong cell as candidate cell as SCell or PSCell.
However, we do see some potential removal of scaling factors that can be removed without any impact on the measurement accuracy and only affect the measurement delay. One such parameter is the 1.5 scaling factor introduced in Rel-15 for basic idle mode measurements.
Remove “1.5” SSB alignment UE constant 
Additionally, we are open to discuss reducing the current scaling factor 8. However, the impact on the accuracy needs to be considered.
Scaling factor is less than 8. The exact number is FFS and is depending on number of measured carriers


Conclusion
In this contribution, we analysed FR2 SCG/SCell measurement acquisition procedures and looks into enhancements and mechanisms to improve FR2 DC/CA setup/resume delays. 
In the contribution, the following Observations and Proposals were made:
Observation 1: Fast DC/CA resume/setup enables data DC/CA usage with lower latency, higher throughput, enhances load balancing and enables lower UE energy consumption.
Observation 2: In FR2 SCell/PScell there is clear benefit of having fast measurements available in connected mode especially for the UE transitioning from idle/inactive mode.
Observation 3: Due to the FR2 measurement delays it may be common scenario that UE cannot finish FR2 CA/DC measurements before ending the data transmission
Observation 4: Some of the EMR capabilities are FR1-FR2 separated (UE can decide to support them independently from each other). 
Observation 5: Not reporting existing measurements would be waste of UE power and may lead UE to consume even more power on performing new measurements. This applies to both EMR and non-EMR UEs

Proposal 1: Both EMR non-EMR UEs should be considered in this study (i.e. support of Rel-16 EMR need not be a prerequisite for this study). 
Proposal 2: Previous and valid UE FR2 measurements are conveyed to the network for fast FR2 DC/CA establishment.
Proposal 3: UE will report existing measurements to the network starting from RRC connection establishment, or during connected mode. 
Proposal 4: The UE measurement validity conditions are currently no handled in EMR and could be considered in this study 
Proposal 5: Feasible solutions should work regardless of T331 status (expired or not), but EMR enhancements are not excluded. 
Proposal 6: UE can be configured to perform FR2 cell measurements during connection setup (i.e. paging, RRC connection establishment, RRC connection resume). 
Proposal 7: UE can be configured to maintain configuration of previous serving cells for EMR purposes.
Proposal 8: Scenarios where measurements are available and valid should be included. 
Proposal 9: Scenarios marked as “included” in the following table, should be included
	Scenario
(PCell + PScell/Scell)
	Priority
	EMR FR2 measurements are available and valid
	EMR-FR2 measurements are not available / invalid
	Non-EMR FR2 measurements available and valid
	Non-EMR FR2 Measurements not available / invalid

	FR1 + FR2 CA
	1
	Included 
	Agreed in WF
	Included 
	Agreed in WF

	FR1 + FR2 DC
	1
	Included 
	Agreed in WF
	Included 
	Agreed in WF

	FR2 + FR2 DC/ CA  
(Independent beam management)
	2
	Included 
	FFS
	Included 
	FFS


Table 1: FR1-FR2, FR2-FR2 scenarios  

Proposal 10: Inter-band CA and DC, UE is assumed to have two active RF chains (one for each FR) 
Proposal 11: During fast FR2 setup/resume measurements, the number of carriers is reduced. The exact number is FFS
Proposal 12: Remove “1.5” SSB alignment UE constant 
Proposal 13: Scaling factor is less than 8. The exact number is FFS and is depending on number of measured carriers
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Appendix A 

[bookmark: _Toc12750905][bookmark: _Toc29382270][bookmark: _Toc37093387][bookmark: _Toc37238663][bookmark: _Toc37238777][bookmark: _Toc46488674][bookmark: _Toc52574095][bookmark: _Toc52574181][bookmark: _Toc109083394]4.2.9	MeasAndMobParameters
	Definitions for parameters
	Per
	M
	FDD-TDD DIFF
	FR1-FR2 DIFF

	idleInactiveNR-MeasReport-r16, idleInactiveNR-MeasReport-r17
Indicates whether the UE supports configuration of NR SSB measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding results upon network request as specified in TS 38.331 [9]. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of measured target cell.
	UE
	No
	No
	Yes
(Incl FR2-2 DIFF)

	idleInactiveNR-MeasBeamReport-r16
Indicates whether the UE supports beam level measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding beam measurement results upon network request as specified in TS 38.331 [9]. A UE supports this feature shall also support idleInactiveNR-MeasReport-r16. If this parameter is indicated for FR1 and FR2 differently, each indication corresponds to the frequency range of measured target cell.
	UE
	No
	No
	Yes

	idleInactiveEUTRA-MeasReport-r16
Indicates whether the UE supports configuration of E-UTRA measurements in RRC_IDLE/RRC_INACTIVE and reporting of the corresponding results upon network request as specified in TS 38.331 [9].
	UE
	No
	No
	No

	idleInactive-ValidityArea-r16
Indicates whether the UE supports configuration of a validity area for NR measurements in RRC_IDLE/RRC_INACTIVE as specified in TS 38.331 [9].
	UE
	No
	No
	No



