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Introduction
As proposed in Release-18 Further NR Mobility Enhancements work item description [1], among the main Release-18 RAN4-lead objectives are to study FR2 SCG/SCell measurement acquisition procedures and investigate potential enhancements and mechanisms to improve FR2 DC/CA setup/resume delays including user in idle/ inactive modes through the following description [1]:
   
	
RP-213565, 3GPP TSG RAN Meeting #94e

7. To study the following, with completion targeted by RAN#98 meeting [RAN4]:
1. 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. 
1. 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.




In this contribution, we provide analyses of inter-frequency FR2 measurement acquisition delays for different idle/inactive operation modes to find the main components that contribute the FR2 SCell/SCG setup like measurement delays and compare them with those of FR1 requirements. Also, we provide system-level simulation results evaluating impacts of DC/CA setup delays on user/network performance showing that reducing the measurement delays and thus faster establishment of DC/CA leads to significant user/network throughput enhancements and provides network the opportunity to perform load balancing between different carrier components for better use of the available air interface resources. At the same time it can also help reducing the overall UE power consumption.    

Discussion
Dual-Connectivity (DC)/ Carrier Aggregation (CA)
To improve the user throughput as well as data transmission latency (e.g., reducing packet queuing/buffering delay), and reliability, it is important to reduce secondary link establishment/resume delay(s) for PSCell/ SCell setup in DC/CA operation scenarios. Especially for a UE connecting from idle/inactive states where network information is limited related to available UE measurement status, this can help the network to keep balance of offered loads between different nodes/ components carrier. Additionally, it can contribute to lowering the user energy consumption by reducing the required user activation time to transmit/receive data using either CA or DC when users are transitioning between RRC-Idle and RRC-Connected states. By enabling fast setup of e.g., CA allows the network to allocate more resources to the UE, enabling faster transmission the pending data. Fast data offloading enables faster release of the UE to Idle mode allowing power saving.  
Observation 1: Fast DC/CA resume/setup enables data DC/CA usage with lower latency that improves user throughput.
Observation 2: Reduced DC/CA setup latency enhances load balancing between different cells/carrier frequencies and avoids congestion.
Observation 3: Reduced DC/CA setup delay contributes to lower UE energy consumption by reducing the data transmission time and enabling faster release of the UE to idle/inactive mode. 

Millimetre-Wave (mm-wave) Communications 
To compensate for the additional propagation path-loss nature of transmission in mm-wave frequencies (e.g., FR2), the gNBs are equipped with a relatively high number of antenna elements where signals are beamformed and transmitted through different spatial filtered narrow beams.  
On the UE-side, unlike FR1 device architecture in which devices are mostly built with a single antenna panel (with spherical coverage), to provide full special coverage in FR2, devices are expected to be equipped with multiple directional antenna panels (Rx/ Tx beams) located for example at different side of device, each covering part of the space as exampled in Figure 1. 
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Figure 1: (A) Example of UE with three antenna panels; (B) coverage of a single-panel UE; (C) coverage of a 3-panels UE.
[bookmark: _Hlk103090396]In NR networks, initial connection (cell detection/ measurement) establishment procedure and beam selection phase are performed by measuring SSBs broadcasted from the gNB through different spatial filters that are multiplexed and swept in the TDM manner. In NR FR2, due to the assumption regarding multiple UE panels (in general directional Rx and Tx), the UE cell detection and measurement time is relaxed compared to FR1. Currently RAN4 assumes that the user can receive from one Rx panel (one spatial direction) at a time. Therefore, to measure a cell/carrier frequency properly, the UE is assumed to consecutively measure the reference signals by sweeping its receive panels which results in additional measurement time compared to that required for FR1 single panel users. 
Observation 4: Based on RAN4 UE RRM requirement for FR2 operation assumptions, the UE has one Rx beam active at a time. Additionally, the UE is allowed to sweep its receive panels/beams when performing measurements. This imposes an additional delay in FR2 compared to FR1 operation. 
In the following we make a summary of the expected delays seen from the system point of view for setting up CA or DC when this is based on:
1. UE supporting Rel-16 EMR.
2. UE not supporting Rel-16 EMR or when supporting Rel-16 EMR but T331 has expired.

[bookmark: _Hlk107676380] Idle-Mode DC/CA Inter-Frequency Measurement 
A UE that supports idleInactiveNR-MeasReport-r16 shall be capable of monitoring at least 14 carrier frequencies, including 7 NR inter-carrier frequencies for DC/CA purposes.  While timer T331 is running, the UE is required to search and measure CA configured carriers for EMR and prepare for potential reporting. Based on the measurement configurations and measured camped cell values, the following cases may occur: 
· If SnonIntraSearchx thresholds are configured, when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ, the user is required to search and measure idle-mode DC/CA configured inter-carrier frequencies based on the requirement specified in [2] section 4.2.2.4, table 4.2.2.4-1. 

· If Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ, the UE is required to search for idle-mode DC/CA frequencies at least every Thigher_priority_search = (60 x Nlayers) seconds, where Nlayers is the combined total number of higher priority NR and E-UTRA carrier frequencies broadcasted in system information and carriers configured for idle mode CA measurements.

· If SnonIntraSearchx thresholds are not configured (SnonIntraSearchx is infinite) the same requirements as when Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ applies. 
Hence, if SnonIntraSearchx thresholds are configured and Srxlev ≤ SnonIntraSearchP or Squal ≤ SnonIntraSearchQ the UE shall be able to detect a new cell and perform SS-RSRP and/or SS-RSRQ measurements on carrier configured for idle mode DC/CA measurements according to the below presented table 4.2.2.4-1 [2]. The UE shall filter the measured RSRP/RSRQ over the minimum of two measurement instances where the measurements are spaced by at least Tmeasure,NR_inter/2. 

		Table 4.2.2.4-1: Tdetect,NR_Inter, Tmeasure,NR_Inter and Tevaluate,NR_Inter [2]

		DRX cycle length [s]
	Scaling Factor (N1)
	Tdetect,NR_Inter [s] (number of DRX cycles)
	Tmeasure,NR_Inter [s] (number of DRX cycles)
	Tevaluate,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	
	
	

	0.32
	1
	8
	11.52 x N1 x 1.5 (36 x N1 x 1.5)
	1.28 x N1 x 1.5 (4 x N1 x 1.5)
	5.12 x N1 x 1.5 (16 x N1 x 1.5)

	0.64
	
	5
	17.92x N1 (28 x N1)
	1.28 x N1 (2 x N1)
	5.12 x N1 (8 x N1)

	1.28
	
	4
	32 x N1 (25 x N1)
	1.28 x N1 (1 x N1)
	6.4 x N1 (5 x N1)

	2.56
	
	3
	58.88 x N1 (23 x N1)
	2.56 x N1 (1 x N1)
	7.68 x N1 (3 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1 or 5, N1 = 8 for all DRX cycle length.






However, if SnonIntraSearchx thresholds are configured and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ the UE shall be able to detect a new cell and perform SS-RSRP and/or SS-RSRQ measurements on carrier configured for idle mode DC/CA measurements according to:
Thigher_priority_search = (60 * Nlayers) seconds,
which makes it difficult to use SnonIntraSearchx together with DC/CA idle mode measurement feature. One reason for this is that the network would not have knowledge about the actual UE conditions (i.e.  either the Srxlev or Squal). This means network cannot know the actual UE measurement delay for the DC/CA carriers. Another reason is that when UE is in good conditions (where CA or DC is likely to be used) the UE is only required to measure the DC/CA carriers very infrequently which may result in unreliable (outdated) measurement. 
Hence, to ensure proper measurements of potential CA/DC carrier frequencies also for UEs in good conditions, the network would in practice not be able to configure SnonIntraSearchx thresholds if CA/DC idle mode measurements are configured.
In addition to the above-described procedures of cell detection and measurement specified in Table 4.2.2.4-1, and for a user which is configured to report SSB-beam indices during idle-mode CA/DC measurement with beamMeasConfigIdle-r16, an additional time of TSSB_index,NR_Inter is required for the UE to extract the SSB indices based on the requirement provided in Table 4.4.2.2-1 [2]:

 Table 4.4.2.2-1: TSSB_index,NR_Inter 
	DRX cycle length [s]
	Scaling Factor (N1)
	TSSB_index,NR_Inter [s] (number of DRX cycles)

	
	FR1
	FR2Note1
	

	0.32
	1
	8
	N2 x 1.28 x N1 x 1.5 (N2 x 4 x N1 x 1.5)

	0.64
	
	5
	N2 x 1.28 x N1 (N2 x 2 x N1)

	1.28
	
	4
	N2 x 1.28 x N1 (N2 x 1 x N1)

	2.56
	
	3
	N2 x 2.56 x N1 (N2 x 1 x N1)

	Note 1:	Applies for UE supporting power class 2&3&4. For UE supporting power class 1, N1 = 8 for all DRX cycle length.
NOTE 2:	N2 = 3 if the NR inter-frequency carrier for idle mode CA/DC measurement reporting is in FR1, and N2 = 3, 5 if the NR inter-frequency carrier for idle mode CA/DC measurement reporting is in FR2.



Based on the above description and assuming one inter-frequency carrier, and DRX cycle length of 320 msec, the minimum delay requirement including cell detection and cell measurement times equals: 
· [bookmark: _Hlk104133734]Tdetect,NR_Inter + Tmeasure,NR_Inter = (36*8*1.5 + 4*8*1.5)*320 = 153600 msec for an FR2 carrier frequency.
· Tdetect,NR_Inter + Tmeasure,NR_Inter = (36 *1.5 + 4*1.5)*320 =  19200 msec  for an FR1 carrier frequency.
The additional required time TSSB_index,NR_Inter  to extract the SSB indices for a user which is configured to  report SSB-beam indices for idle-mode CA/DC measurement (beamMeasConfigIdle-r16),  (assuming DRX cycle of 320 msec)  equals: 
· TSSB_index,NR_Inter  = 3*4*8*1.5*320 = 46080 msec for an FR2 carrier frequency assuming N2 = 3, and equals 5*4*8*1.5*320 = 76800 msec for N2 = 5 msec.
· TSSB_index,NR_Inter  = 3*4*1.5*320 = 5760 msec for an FR1 carrier frequency.

Observation 5: Idle-mode FR2 inter-frequency carrier measurement requirements may take more than 2.5 minutes (which is 8 times more than that of required for FR1). 
Observation 6: Considering that the cell sizes are relatively small in FR2, 2.5 minutes measurement delay may contribute to sub-optimal DC/CA setup decision especially for mobile UEs.
Observation 7: EMR requirements apply only when timer T331 is running. When T331 expires, it is up to the UE implementation whether to perform idle-mode DC/CA measurement, and this is only possible if the measurement configuration is provided in SIB.
Observation 8: Inter-frequency DC/CA idle-mode measurement is supported for the users with capability of idleInactiveNR-MeasReport-r16 when serving gNB also supports idle mode CA/DC measurement reporting and it is the validity area.

Connected-Mode DC/CA Inter-Frequency Measurement
Some UEs may not be able to provide any early measurements for DC/CA setup assistance, e.g., due to:
1. UE support EMR but T331 has expired 
2. UE support EMR but UE cannot provide updated EMR information at connection setup due to search delay
3. UE support EMR but UE cannot provide EMR information at connection setup due to SnonIntraSearchx thresholds are configured and Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ
4. UE does not support Rel-16 EMR
In such cases, improvements which can reduce FR2 SCell/SCG setup delay when the UE switches to connected mode can still provide benefits. Such improvement which can be used for DC/CA setup should be compared to the current expected connected mode measurement delay.
Inter-frequency measurement acquisition delay for a connected-mode UE cell identification, a measurement round, possible SSB-index reading and reporting. The associated delays include the following [2]: 
1. PSS/SSS detection (Cell detection) delay “TPSS/SSS_sync_inter” specified for FR2 in table 9.3.4-2 and 9.3.9.1-2 for with and without measurement gaps scenarios, respectively.
2. SSB-index acquisition period “TSSB_time_index_inter” specified in table 9.3.4-4 for FR2 with measurement gaps.
3. Time for measuring the SS-RSRP, SS-RSRQ, and/or SINR based on the required accuracy “TSSB_measurement_period_inter” specified in for FR2 table 9.3.5-2 and Table 9.3.9.2-2 for with and without measurement gaps scenarios, respectively.
Table 9.3.4-2: Time period for PSS/SSS detection with measurement gaps, (FR2)
	Condition NOTE1,2
	TPSS/SSS_sync_inter

	No DRX
	[bookmark: _Hlk110326348]Max(600ms, Ceil(Kgap  Mpss/sss_sync_inter)  Max(MGRP , SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(600ms, Ceil(1.5 * Kgap  Mpss/sss_sync_inter)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(Kgap  Mpss/sss_sync_inter)  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	For a UE supporting concurrent gaps, the MRGP above is the MRGP of the measurement gap associated with the target frequency layer to be measured if concurrent measurement gaps are configured.



Table 9.3.9.1-2: Time period for PSS/SSS detection without measurement gaps, (FR2)
	DRX cycle
	TPSS/SSS_sync_inter

	No DRX
	max(600ms, ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x SMTC period)Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(600ms, ceil(1.5 x Mpss/sss_sync_inter  x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFinter

	DRX cycle>320ms
	ceil(Mpss/sss_sync_inter  x Kp x Klayer1_measurement)  x DRX cycle x CSSFinter

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified
NOTE 2:	Kp is applicable for UE supporting [concurrent gaps]



Table 9.3.4-4: Time period for time index detection with measurement gaps (Frequency range FR2)
	Condition NOTE1,2
	TSSB_time_index_inter

	No DRX
	Max(200ms, Ceil(Kgap  MSSB_index_inter)  Max(MGRP, SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(200ms, Ceil(1.5 * Kgap  MSSB_index_inter)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(Kgap MSSB_index_inter)  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	For a UE supporting concurrent gaps, the MRGP above is the MRGP of the measurement gap associated with the target frequency layer to be measured if concurrent measurement gaps are configured.



Table 9.3.5-2: Measurement period for inter-frequency measurements with gaps (FR2)
	Condition NOTE1,2
	T SSB_measurement_period_inter

	No DRX
	Max(400ms, Ceil(Kgap  Mmeas_period_inter)  Max(MGRP , SMTC period))  CSSFinter

	DRX cycle ≤ 320ms
	Max(400ms, Ceil(1.5 * Kgap  Mmeas_period_inter)  Max(MGRP, SMTC period, DRX cycle))  CSSFinter

	DRX cycle > 320ms
	Ceil(Kgap  Mmeas_period_inter)  DRX cycle  CSSFinter

	NOTE 1:	DRX or non DRX requirements apply according to the conditions described in clause 3.6.1
NOTE 2:	In EN-DC operation, the parameters, timers and scheduling requests referred to in clause 3.6.1 are for the secondary cell group. The DRX cycle is the DRX cycle of the secondary cell group.
NOTE 3:	For a UE supporting concurrent gaps, the MRGP above is the MRGP of the measurement gap associated with the target frequency layer to be measured if concurrent measurement gaps are configured.



Table 9.3.9.2-2: Measurement period for inter-frequency measurements without gaps (FR2)
	DRX cycle
	T SSB_measurement_period_inter  

	No DRX
	max(400ms, ceil(Mmeas_period_inter x Kp x Klayer1_measurement) x SMTC period)Note 1 x CSSFinter

	DRX cycle≤ 320ms
	max(400ms, ceil(1.5x Mmeas_period_inter x Kp x Klayer1_measurement) x max(SMTC period,DRX cycle)) x CSSFinter 

	DRX cycle>320ms
	ceil(Mmeas_period_inter xKp x Klayer1_measurement) x DRX cycle x CSSFinter

	NOTE 1:	If different SMTC periodicities are configured for different cells, the SMTC period in the requirement is the one used by the cell being identified



[bookmark: _Hlk104145007]Assuming gap assisted measurements, a FR2 UE (Mpss/sss_sync_inter = 40, Mmeas_period_inter =40, MSSB_index_inter =24), an SMTC periodicity of 40 msec, No DRX, measurement gap repetition period (MGRP) of 40 msec, and no co-configured/concurrent measurement (i.e., CSSFinter = 1), the measurement acquisition delay equals:
	 T(FR2)identify_inter_with_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter + TSSB_time_index_inter) msec 
                                   = 40*40 + 40*40 + 24*40 = 4160 msec
When assuming no gap assisted measurements and same above assumptions without reporting the SSB index:
	 T(FR2)identify_inter_without_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter) msec 
                                   = 40*40 + 40*40 = 3200 msec
Observation 9: Connected mode FR2 inter-carrier frequency measurement (even for one carrier frequency) may take up to 4160 msec. 
Comparing this with FR1 operation and a UE, gap assisted measurements, an SMTC window of 40 msec, No DRX, measurement gap repetition period (MGRP) of 40 msec, and no co-configured/concurrent measurement (i.e., CSSFinter = 1), the total measurement acquisition delay based on the details provided in [1, Section 9.3.5] equals:
T(FR1)identify_inter_with_index = (TPSS/SSS_sync_inter + T SSB_measurement_period_inter + TSSB_time_index_inter) msec 
             = 8*40 + 8*40 + 3*40 = 760 msec
Observation 10: Making network aware of an available FR2 cell in connected mode may take up to five times longer delay than what is required for FR1, which significantly delays FR2 DC/CA setup.
Observation 11: Additional measurement enhancements are needed to reduce secondary link (PScell/SCell) establishment and enhance the user experience while accounting user constraints. 

System-Level Evaluations
Based on the above discussions, in this section, we provide downlink system-level simulation results analysing various network/user KPIs for different DC/CA setup delays. We considered a Dense-Urban two-layer scenario including 3 sectorized Macro BSs operating in FR1 (PCell) with 20 MHz bandwidth and random drops of FR2 micro BSs (SCell/PSCell) with 100 MHz bandwidth. The traffic model contains two file sizes, 2 and 20 MBytes, to have both short and long transmissions with different relative impact from SCell setup delay. More detailed simulation assumptions and network settings are provided in Annex-A. 
Figure 2 presents the cumulative distribution function (CDF) of the downlink user throughput for different SCell setup delays assuming 40 Mbit/per macro area offered loads. As can be seen, lower FR2 SCell setup delay (i.e., lower measurement delay) significantly enhances users experienced throughput. By faster set up of the SCell connection, the user could benefit from both PCell and SCell available resources (i.e., bandwidths) that contributes to the user throughput enhancement. Since the bandwidth parts are usually larger in FR2 compared to those of FR1, the achieved gain of faster SCell setup is considerable. The packet transmission time reduces with the increased throughput which also helps the user to receive the data and return to idle-mode faster and save more energy. The maximum throughput with just PCell in this setup is about 80 Mbps and with PCell + SCell setup it is about 480 Mbps.
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Figure 2: Downlink CDF of the user throughput for different SCell setup delay, assuming 40 Mbit offered load per macro area.
Figure 3 presents the average user throughput for different offered load and FR2 SCell setup delay values. It can be observed that faster SCell setup increases the user throughput for all offered load scenarios. As an example, assuming 20 Mbps load with 4160 msec SCell setup delay, the average user throughput equals 70 Mbps while 0 msec delay can boost the average throughput to 270 Mbps. A similar trend can be observed for 60 Mbps offered load where 47 Mbps throughput with 4160 msec setup latency increases to 250 Mbps as the setup latency reduces to 0 msec.      
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Figure 3: Average downlink user throughput for different scell setup delays and offered loads per macro area
Table 1 presents the user throughput for different for the 5%ile, 50%ile, 95%ile of the CDF and the average of user throughput for different SCell setup latencies and compares them with 4160 msec setup latency. Depending on the load and setup delay value, the average user throughput foresees a throughput enhancement between 45% (for 20 Mbps offered load and 760 msec latency) to 353% (for 40 Mbps and 0 msec latency). The relative throughput gain increases with the offered load since the PCell becomes congested as the load increases which highlights the need for faster SCell setup for load balancing.       

Table 1: Downlink user throughput for different offered loads and SCell latency setup values.
	

User distribution for different offered loads
	Downlink throughput [Mbps] for different scell setup latencies
(Gain compared to 4160 ms %)

	
	0 ms

	50 ms
	760 ms
	4160 ms

	[bookmark: _Hlk104185788]


20 Mbps/macro cell area
	5%ile
	80.6
(116.3%)
	79.0
(111.9%)
	42.3
(13.3%)
	37.3

(0.0%)

	
	50%ile
	260.4
(221.3%)
	183.0
(125.8%)
	81.2
(0.2%)
	81.0
(0.0%)

	
	95%ile
	484.2
(494.7%)
	429.6
(427.7%)
	165.9
(103.8%)
	81.4
(0.0%)

	
	Average
	269.3
(287.0%)
	201.5
(189.6%)
	101.0
(45.2%)
	69.6
(0.0%)

	


40 Mbps/macro cell area
	5%ile
	67.8
(170.3%)
	65.6
(161.8%)
	40.2
(60.4%)
	25.1
(0.0%)

	
	50%ile
	250.9
(338.6%)
	175.9
(207.5%)
	81.1
(41.8%)
	57.2
(0.0%)

	
	95%ile
	483.9
(495.2%)
	429.3
(428.1%)
	165.8
(104.0%)
	81.3
(0.0%)

	
	Average
	260.7
(353.7%)
	195.9
(240.9%)
	95.4
(66.0%)
	57.5
(0.0%)



Figure 4 presents the percentage of load that is transmitted to the UE through the SCell link versus SCell setup delay and different offered loads. Most of the offered load is transmitted from the PCell when SCell setup delays is long. 
Observation 12: Most of the offered load is transmitted from the PCell when SCell setup delays is long.
As can be seen for 20 Mbps offered load, only 2% of the traffic is served from the SCell (FR2 band) when there is 4160 msec SCell latency setup, 98% percent of it is then scheduled from the PCell (i.e., FR1 band). This leads inefficient load balancing between different carrier components and increases the risk congestion and service delay (unavailability) for users. While when there is lower or no SCell setup delay, up to 58% of the load can be carried through FR2 band which helps to balance the load between different carrier components as well as reducing the queueing delay and service interruption. Hence, reducing the CA/DC setup delay can help reducing the load of PCell (i.e., FR1) and help in providing additional resources to the UEs faster when UE is entering connected mode.
Observation 13: Reduction of the CA/DC setup delay helps in providing additional resources to the UEs faster when UE is entering connected mode.
[image: Chart, bar chart

Description automatically generated]
Figure 4: Average downlink load share in FR2 micro cells with different SCell setup delays and offered loads per macro area
In the earlier discussions related to Rel-15 and Rel-16 work on this topic we have analysed and simulated the potential UE power consumption impact. Based on the former analysis in [4] we repeat here the outcome of the analysis:
Figure 5 and Figure 6 show the average UE energy consumption per file transfer in the simulated cases.
	
[image: ]
[bookmark: _Ref473558882][bookmark: _Ref473558870]Figure 5 UE energy consumption for offered load       10 Mbps
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[bookmark: _Ref473558892]Figure 6 UE energy consumption for offered load       20 Mbps



From the energy consumption statistics, we can observe the following:
Observation 14: With shorter setup delay we observe a reduction in UE energy consumption due to faster offload.
Hence, faster setup of CA/DC when entering connected mode can help in providing both better UE TP, Improve the overall UE power consumption and enable better utilisation of available network resource.
Discussion on Improvements
UE measurements at connection initiation
The WI includes studying feasible improvement which can help in reducing the FR2 SCell/SCG setup delay.  Part of this is to analyze the level of feasible improvements.
The WI indicates that the following sequence of events should be assumed:
· Access is initiated by the UE (including based on receiving paging) and UE performs possible improved measurements when requesting connection setup.
· The UE reports such possible improved measurements once those have been performed.
In addition to considering improved measurements, new measurement procedures and new RRM core requirements can be considered.
From the discussion and results we have presented in this paper, it is clear that any enhancement that can help reducing the FR2 SCell/SCG setup delay can bring significant benefit on the system level and TP performance. Reduction of the delay will benefit both the UE and the network. 
A faster setup of CA or SCG when entering connected mode, benefits the  user experience and the system in general. One concern discussed in earlier work related to enhancing this delay, e.g., EMR work, is the possible impact on the UE complexity and power consumption. Both of which of course always need to be considered. 
Next, we list some potential improvement proposals which we see can help in reducing the setup delay.
As baseline we assume that the focus is on enabling enhancements related to one cell in FR2 – the first cell in an FR2 band. Once the first cell in a band is active, activation delay of further SCell in same band is not adding significantly more delay compared to the activation delay for the first cell.
We would also note that “access is initiated by UE” may be somewhat ambiguous, but our intent when discussing the WI text was to consider the earliest time when UE is aware of RRC connection initiation. For MT-originating call, this would be when UE receives a paging request, and for MO-originating call this would be when NAS indicates to AS that an RRC connection is required. 
· For MT-originating calls, RRC clause 5.3.2.3 (paging reception, see below) indicates that UE forwards the paging to the upper layers (covering receiving paging in either RRC_IDLE and RRC_INACTIVE), which will then eventually initiate the RRC connection attempt via MO-originating process. Hence, UE shall be considered as initiating connection when receiving a network paging request that is forwarded to upper layers.

	[bookmark: _Toc60776742][bookmark: _Toc100929540]5.3.2.3	Reception of the Paging message by the UE or PagingRecord by the L2 U2N Remote UE
Upon receiving the Paging message by the UE or receiving PagingRecord from its connected L2 U2N Relay UE by a L2 U2N Remote UE, the UE shall:
1>	if in RRC_IDLE, for each of the PagingRecord, if any, included in the Paging message, or
1>	if in RRC_IDLE, for each of the PagingRecord, if any, included in the UuMessageTransferSidelink message received from the connected L2 U2N Relay UE:
2>	if the ue-Identity included in the PagingRecord matches the UE identity allocated by upper layers:
3>	if upper layers indicate the support of paging cause:
4>	forward the ue-Identity, accessType (if present) and paging cause (if determined) to the upper layers;
3>	else:
4>	forward the ue-Identity and accessType (if present) to the upper layers;
1>	if in RRC_INACTIVE, for each of the PagingRecord, if any, included in the Paging message, or
1>	if in RRC_INACTIVE, for each of the PagingRecord, if any, included in the UuMessageTransferSidelink message received from the connected L2 U2N Relay UE:
2>	if the ue-Identity included in the PagingRecord matches the UE's stored fullI-RNTI:
3>	if the UE is configured by upper layers with Access Identity 1:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mps-PriorityAccess;
3>	else if the UE is configured by upper layers with Access Identity 2:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mcs-PriorityAccess;
3>	else if the UE is configured by upper layers with one or more Access Identities equal to 11-15:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to highPriorityAccess;
3>	else:
4>	initiate the RRC connection resumption procedure according to 5.3.13 with resumeCause set to mt-Access;
NOTE:	A MUSIM UE may not initiate the RRC connection resumption procedure, e.g. when it decides not to respond to the Paging message due to UE implementation constraints as specified in TS 24.501 [23].
2>	else if the ue-Identity included in the PagingRecord matches the UE identity allocated by upper layers:
3>	if upper layers indicate the support of paging cause:
4>	forward the ue-Identity, accessType (if present) and paging cause (if determined) to the upper layers;
3>	else:
4>	forward the ue-Identity and accessType (if present) to the upper layers;
3>	perform the actions upon going to RRC_IDLE as specified in 5.3.11 with release cause 'other';





· For MO-originating calls, RRC clause 5.3.3.2 and 5.3.13.2 (RRC connection establishment and resume, respectively, see below), are triggered when upper layers request RRC connection. Those parts can obviously be used as the timing for MO-originating calls. 
	5.3.3.2	Initiation
The UE initiates the procedure when upper layers request establishment of an RRC connection while the UE is in RRC_IDLE and it has acquired essential system information, or for sidelink communication as specified in clause 5.3.3.1a.
5.3.13.2	Initiation
The UE initiates the procedure when upper layers or AS (when responding to RAN paging, upon triggering RNA updates while the UE is in RRC_INACTIVE, for NR sidelink communication/V2X sidelink communication as specified in clause 5.3.13.1a) requests the resume of a suspended RRC connection or requests the resume for initiating SDT as specified in clause 5.3.13.1b.



Observation 15: RAN2 has defined UE actions when receiving paging for MT-originating calls or triggering RRC connection establishment/resume for MO-originating calls.
Proposal 1: RAN4 to clarify that the “when UE has initiated access” is the point in time when RRC procedures in clauses 5.3.2.3, 5.3.3.2 or 5.3.13.2 are initiated.

Enable simultaneous use of EMR and Search threshold
One aspect with the Rel-16 EMR solution is that it is not possible to use search thresholds, to enable additional UE power saving in idle mode, together with EMR. Reason for this is that it leads to that the UE in good conditions does not measure configured EMR carriers except once every Thigher_priority_search.
This issue was discussed a lot during Rel-16, and current behavior is to account for the UE complexity and impact on legacy behavior. 
As the current work addresses only FR2 cell we suggest removing the current unfortunate limitation in simultaneous usage of search thresholds and EMR feature. We suggest that an FR2 carrier solely configured for idle mode CA/DC measurements can be configured without search thresholds.
Proposal 2: Enable simultaneous use of EMR and Search threshold, i.e. UE can be requested to perform EMR even with the search thresholds.
Expected improvement would be that an FR2 EMR carrier is measured regularly even if network use search thresholds and UE is in good conditions. This means that idle mode CA/DC measurements would always be performed on an EMR carrier which removes the connected mode measurement and reporting delay for same carrier in connected mode. 
 
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. As discussed in section 4.1, 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.  
Proposal 3: 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 measurement 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.
Proposal 4:  UE can be configured to maintain measurement 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.

Conclusion
In this contribution, we provide analytical evaluation together with system-level simulation results analysing FR2 SCell/ SCG setup delays including the following observations:
Observation 1: Fast DC/CA resume/setup enables data DC/CA usage with lower latency that improves user throughput.
Observation 2: Reduced DC/CA setup latency enhances load balancing between different cells/carrier frequencies and avoids congestion.
Observation 3: Reduced DC/CA setup delay contributes to lower user energy consumption by reducing the data transmission time and enabling faster release of the user to idle/inactive mode. 
Observation 4: Based on RAN4 UE RRM requirement for FR2 operation assumptions, the user has one Rx panel active at a time. Additionally, the UE is allowed to sweep its receive panels/beams when performing measurements. This imposes an additional delay in FR2 compared to FR1 operation. 
Observation 5: Idle-mode FR2 inter-frequency carrier measurement requirements may take more than 2.5 minutes (which is 8 times more than that of required for FR1). 
Observation 6: Considering that the cell sizes are relatively small in FR2, 2.5 minutes measurement delay may contribute to sub-optimal DC/CA setup decision especially for mobile UEs.
Observation 7: EMR requirements apply only when timer T331 is running. When T331 expires, it is up to the UE implementation whether to perform idle-mode DC/CA measurement, and this is only possible if the measurement configuration is provided in SIB.
Observation 8: Inter-frequency DC/CA idle-mode measurement is supported for the users with capability of idleInactiveNR-MeasReport-r16 when serving gNB also supports idle mode CA/DC measurement reporting and it is the validity area.
Observation 9: Connected mode FR2 inter-carrier frequency measurement (even for one carrier frequency) may take up to 4160 msec. 
Observation 10: Making network aware of an available FR2 cell in connected mode may take up to five times longer delay than what is required for FR1 which significantly delays FR2 DC/CA setup.
Observation 11: Additional measurement enhancements are needed to reduce secondary link (PScell/SCell) establishment and enhance the user experience while accounting user constraints. 
Observation 12: Most of the offered load is transmitted from the PCell when SCell setup delays is long.
Observation 13: Reduction of the CA/DC setup delay helps in providing additional resources to the UEs faster when UE is entering connected mode.
Observation 14: With shorter setup delay we observe a reduction in UE energy consumption due to faster offload.
Observation 15: RAN2 has defined UE actions when receiving paging for MT-originating calls or triggering RRC connection establishment/resume for MO-originating calls.
Proposal 1: RAN4 to clarify that the “when UE has initiated access” is the point in time when RRC procedures in clauses 5.3.2.3, 5.3.3.2 or 5.3.13.2 are initiated.
To enhance FR2 measurements and thus reducing SCell/SCG setup delay the following solutions are proposed: 
Proposal 2: Enable simultaneous use of EMR and Search threshold, i.e. UE can be requested to perform EMR even with the search thresholds.
Proposal 3: UE can be configured to perform FR2 cell measurements during connection setup (i.e. paging, RRC connection establishment, RRC connection resume).
Proposal 4:  UE can be configured to maintain measurement configuration of previous serving cells for EMR purposes.
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Annex A:	System-Level Simulation Assumptions
Reference deployment assumptions for our ssystem-level-simulation are driven based on the provided network layout and system configurations in [3GPP TR38.802]. Below table summarizes the main assumptions.

	Parameter 
	Setting

	Network layout
	NR Dense Urban, Two layers
Macro layer: Hex. Grid (200m ISD)
Micro layer: Random drop (All micro-BSs are all outdoor)
· 3 micro-BSs per macro BS

	Carrier frequency
	Macro layer: 2.1 GHz
Micro layer: 28 GHz

	Simulation bandwidth
	Macro layer: 20 MHz (FR1)
Micro layer: 100 MHz (FR2)

	BS antenna configuration
	Macro cells: (M, N, P) = (8, 8, 2)
Micro cells: (M, N, P) = (8, 16, 2)

	UE antenna configuration
	FR1: omni reception
FR2: four directional antenna arrays (2, 2, 2) with 90-degrees separation in direction

	MIMO
	Maximum rank 2, with dynamic rank 

	Link adaptation
	Dynamic link adaptation with 10% BLER target for the initial transmission

	Duplexing
	TDD with 60% DL slots

	Traffic
	DL mixed traffic FTP model-1 with 2 and 20 MByte files, 50-50% split of traffic profiles, and offered load 20, 30, 40, 50, 60 Mbps per macro area



 
image1.emf
   

(A)  


image2.png
CDF

10

08

06

04

02

00

Throughput for all UEs

—— Delay:0ms, OfferedLoadMbps:40
—— Delay:50ms, OfferedLoadMbps:40
—— Delay:760ms, OfferedLoadMbps:40
—— Delay:4160ms, OfferedLoadMbps:40

100 200 300 400
User throughput [Mbps]

500




image3.png
User throughput [Mbps]

Average throughput for all UEs

400 1T
EEm OfferedLoadMbps:20,
350 mmm OfferedLoadMbps:30,
Emm OfferedLoadMbps:40,
300 B OfferedLoadMbps:50,
mmm OfferedLoadMbps:60,

8 B
g8 g

Oms 50ms 760ms 4160ms




image4.png
Load share in FR2 micro cells [%]

100

8

Load share in FR2 micro cells

1T
OfferedLoadMbps:20,

OfferedLoadMbps:30,
OfferedLoadMbps:40,
OfferedLoadMbps:50,
OfferedLoadMbps:60,

4160ms





image5.png
UE energy consumption [mWs]

UE energy consumption ( SCellBW:10 OfferedLoad:10)

T
|| Delay:0

[ Delay:100
14001 [ Delay:500 i
[ Delay:1000

1600

1200

1000

800

600

400

200

0.1 05 1.0 5.0
File size [MBytes]




image6.png
UE energy consumption [mWs]

1600

1400

1200

1000

800

600

400

200

UE energy consumption ( SCellBW:10 OfferedLoad:20)

T
|| Delay:0

[ Delay:100
' [ Delay:500
[ Delay:1000

0.1

0.5

1.0 5.0
File size [MBytes]




