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1	Introduction
In last meeting a number of companies contributed to the discussion on how to measure and provide idle mode measurements to the network in an early stage of connection establishment in order to enable fast SCell setup [1 - 4]. Based on the discussion a WF was agreed in [5].
Additionally, RAN2 has sent LS to RAN4 in [6] including agreements impacting the ongoing RAN4 discussion related to Measurements for fast CA setup.
In this paper we continue the discussion related UE measurements and measurement reporting to enable fast CA setup.

2	Discussion
The RAN2 LS contains following agreements related to idle mode measurements for fast CA setup:
For the IDLE mode measurements, RAN2 has agreed the following:
· [bookmark: _Hlk510464645]A validity timer T331 will be defined for IDLE mode measurements only  for the dedicated configuration given in RRCConnectionRelease, i.e. only for dedicated configuration of IDLE mode measurements. The timer T331 starts upon RRC Connection release message reception by UE.
· The number of carriers for IDLE measurements that can be broadcast in SIB5 will be limited to at most 3 inter-frequencies and at most N cells per carrier frequency. Value of N is FFS.
· The dedicated IDLE mode measurement configuration provided in RRCConnectionRelease can be different from (common) SIB5 configuration, and overrides any SIB5 configurations. It is FFS whether the dedicated configuration is still valid after cell reselection, but UE may continue performance IDLE measurements after cell reselection.
· A minimum SCell Signal Quality threshold for reporting may be configured by eNB for the IDLE mode measurements
· Only CRS-based measurements (RSRP/RSRQ/RS-SINR) are supported for IDLE mode measurements. Network can indicate which measurement quantities UE should report.
· If the ongoing IDLE state measurement is configured only via SIB5 in source cell: 
· After cell reselection, if the SIB5 of the target cell includes the IDLE state measurement configuration, UE continues performing IDLE state measurement and updated the configuration according to the SIB5 of the target cell.
· After cell reselection, if the SIB5 of the target cell includes no configuration for the IDLE state measurement, UE stops performing IDLE state measurement
· How UE performs the IDLE state measurements to meet RAN4 performance requirements is left up to UE implementation
· When UE moves to RRC_CONNECTED, the eNB indicates to UE whether the IDLE measurements should be reported. The measurements should be reported after security establishment.
2.1	Measurement Requirements
In the WF [5] a number of open issues for further discussion were listed. Some of these are addressed by the LS, as RAN2 has agreed that the number of carriers for IDLE measurements that can be broadcast in SIB5 will be limited to at most 3 inter-frequencies. The number of carriers that can be configured during the connection release is still open.
Number of carriers for idle measurements for fast CA setup is limited to 3.
The number of extra inter-frequency candidate layers to be measured for reporting is still left open but it seems reasonable to propose that the current number of carriers is enough and there is no need to increase.
No new UE requirements introduced concerning number of inter-frequency carriers to be measured.
Additionally, it could be seen reasonable that the number of inter-frequency candidate layers to be monitored for reporting, that can be configured during connection release, would also be limited to 3.
The number of inter-frequency candidate layers to be monitored for reporting, that can be configured during connection release, would be limited to 3.
A second issue left open in RAN4#86 meeting was the measurement time limitation. RAN has agreed to introduce a validity timer T331 which will be defined for IDLE mode measurements. However, this timer only applies for the dedicated configuration given in the RRCConnectionRelease. I.e. the timer applies only for dedicated configuration of IDLE mode measurements. The timer T331 starts upon RRC Connection release message reception by UE
A validity timer, T331, for idle mode measurements has been introduced
T331 only applies for the dedicated configuration given in the RRCConnectionRelease
RAN4 should further discuss the need for limiting also idle mode measurements for reporting when such measurements are performed based on SIB5 information.
RAN4 should further discuss how to limit the SIB5 based idle mode measurements.
It seems reasonable to ensure UE power consumption savings by introduction of some sort of measurement limitation also for idle mode measurements based on SIB5 information.

2.2	Measurement accuracy
Based on the company contributions in Athens meetings it seems all companies finds it feasible to introduce accuracy requirements for the reported idle mode measurements. A number of different proposals how to ensure the measurements accuracy were listed. 
The reasoning behind reporting the idle mode measurements during an early stage of the connection setup, is to enable the network to utilize the reported measurements for early configuration and setup of CA. By configuring CA earlier than currently possible enables better utilization of the configured SCell(s) which again enables higher user TP and lower latencies [4], i.e. better overall user experience. 
One argument against introducing new idle mode accuracy requirements through additional measurements was the potential impact on the UE power consumption. However, as shown in [4], when looking at the overall lifetime UE power consumption, there is opportunity to perform idle mode measurements for a period of time before such measurements will have any negative impact on the overall lifetime UE power consumption. One reason behind this, is the reduced time the UE has to spend in connected mode, due to the higher user TP enabled by the faster CA setup. Shorter time in connected mode has positive impact on the overall power consumption, freeing some power for idle mode measurements.
This can also be observed from the simulation results illustrated in the following two figures. Figure 1 illustrates a macro only scenario where we compare the user TP and the UE power consumption for a Rel-14 UE without euCA (red results) and a UE supporting euCA (blue results). As can be observed from the results, the impact from euCA is from performing extra measurement on potential SCell during idle mode.
[image: ]
Figure 1 Illustration....
Figure 2 illustrates the same scenario. In this simulation the UE’s are under conditions where the network can configure the UE with CA. Also here we have two UE’s – one that does not support euCA (Rel-14 UE – in red) and a UE supporting euCA (in blue).
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Figure 2 Illustration.....
From the results it is observed that the UE supporting the euCA feature are in connected mode for a shorter period of time than the Rel-14 UE, and it has high TP almost immediately after entering the connected mode compared to the UE not supporting euCA with longer CA setup delay. The Rel-14 UE has a longer period in connected mode with a longer period with relatively low TP due to not being configured with the SCell.
Looking at the results we can observe that UE power consumption increases due to the idle mode measurements for early reporting (based on the assumed UE measurements once per DRX). However, the results also clearly show the benefit from early reporting, enable faster SCell configuration, which results in increased UE TP over time, which means that the UE would need to be in connected mode for a shorter period leading to reduced UE power consumption. 
As the reported results are to be used for connected mode configuration and possible SCell setup, it is important that the reported measurements have a minimum accuracy. If the reported measurements do not have any minimum accuracy both performing the measurements. reporting the measurement and using the measurement for possible SCell configurations could all, in best case be useless and wasted effort, and in worst case increase latencies. 
Introduce minimum accuracy requirements for reported idle mode measurements.
What is more important, is to be able to define what such minimum accuracy requirements would be – not exactly how the UE ensures the accuracy or what the assumed UE measurement behavior would be. In last meeting one proposal was to re-use the existing inter-frequency accuracy requirements from connected mode.
Re-using inter-frequency measurement accuracy requirements would mean that the early reported idle mode measurement results would have same accuracy as what the network is currently expecting when configuring an SCell (which is done based on reported inter-frequency measurement results from the UE). This would mean that the network could rely on the same accuracy and decision procedures for early SCell configuration as is used currently for SCell configuration.
Re-use existing inter-frequency measurement accuracy requirements for reported idle mode measurements.
Exactly how the UE performs the measurements and ensures that the reported results are fulfilling the requirements, would be up to UE implementation.

2.2	Side conditions
In last meeting it was proposed to introduce a new condition concerning known cells when UE is moving between Connected mode and idle mode. It was proposed that a cell which is known in Connected would remain known also in idle mode assuming same conditions – i.e. the cell has been measured within the last 5 seconds. 
Such an approach would ensure that it can be assumed that there would not always be a need for cell detection for known cells when transitioning to idle mode. Such assumption would help in significantly reduce the expected UE latency. As such assumption is already necessary for cells when moving from Idle to Connected mode, we see having similar assumption for connected to idle transition would be useful.
A known cell in Connected mode is assumed to be a known/detected cell also after UE transitioning to Idle mode.

3	Conclusion
In this paper we continued the euCA discussion related the UE measurements and measurement reporting to enable fast CA setup. From the discussions we conclude following:
1. Number of carriers for idle measurements for fast CA setup is limited to 3.
1. No new UE requirements introduced concerning number of inter-frequency carriers to be measured.
1. The number of inter-frequency candidate layers to be monitored for reporting, that can be configured during connection release, would be limited to 3.
1. A validity timer, T331, for idle mode measurements has been introduced
1. T331 only applies for the dedicated configuration given in the RRCConnectionRelease
RAN4 should further discuss how to limit the SIB5 based idle mode measurements.
Introduce minimum accuracy requirements for reported idle mode measurements.
Re-use existing inter-frequency measurement accuracy requirements for reported idle mode measurements.
A known cell in Connected mode is assumed to be a known/detected cell also after UE transitioning to Idle mode.
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A	Simulation Assumptions
	Parameter
	Assumption

	System bandwidth - macro
	10 MHz

	System bandwidth - small cell
	20 + 20 MHz

	Frequency layer - macro
	2.0 GHz

	Frequency layer - small cell
	3.5 GHz 

	Cell layout
	1 macro site, 3 cells per site, with wrap-around

	Small cells
	3 small cells per macro

	UE mobility
	30 km/h

	Macro inter-site distance
	500 m

	DL Antenna configuration
	2x2

	Macro BS Tx power
	46 dBm

	Small cell Tx power
	30 dBm

	UE maximum Tx power
	23 dBm

	Pathloss model - macro
	UMa [2]

	Pathloss model - small cell
	UMi [2]

	Traffic
	FTP model 3 as per TR 36.814 [2]

	FTP file size
	2.0 MB

	SCell detection + measurement + configuration delay + SCell activation delay
	100, 1000 ms

	SCell configuration 
	A4, RSRP threshold -110 dBm

	RRC Release timer
	500 ms



image1.png
User threughput in DL [Mbpe) User throughput In DL [Mbpe)
@ o
0 o
© o
20 9.2 Mbps 20 9.2 Mbps
N || o — S S S Y |} S— — S S
o i 2 3 0 o i 2 3 0
Secondary cell RSRP measurement (dBm] Secondary cell RSRP measurement (dBm]
20
100 100
10
120 . : .
oo
120 -, -124.4dBm -124.2dBm
as0t,
o T 2 3 i 3 0
"UE power consumption mW] UE power consumption (mW1
2120 mW 2125mW
00 00
a00 400
200 200
3GPP euCA WI by Nokia - Fast small cell access ° °
g 1 B 3 g g T 7 g g
Time (s1 Time 51





image2.png
3GPP euCA WI by Nokia - Fast small cell access

TR A ——

VTSR S ey

a0 a0
& o0
2 11.3 Mbps. 2 15.8 Mbps.
o o
35 is i7 i 35 35 i 37 15 35
Secondary coll RSRF measurement (aBm1
%0
100
100
o A .
10 10
az0 120
a0 1149 dBm 130 -116.6 dBm
140 -
140
35 i 37 i 35 35 i 37 i 35
E power consumption (mW1 E power consumption (mW1
938 mW 75.1 mW
0 o0
w0 00
20 l l 200
o o
i is 37 i i 15 T T i i

Time (s]





