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1	Introduction
One of the main objective of euCA WID [1] is:
	[bookmark: _Hlk503871620]
1. Reduced delays in Scell set-up, including shorter Scell configuration delay after UE moves from idle to connected by addressing the following aspects:
· Measurements on Scell candidates (e.g. network assistance in identifying Scell candidate carriers, and best effort UE measurements for Scell candidates),
· Measurement reporting (e.g. utilize UE’s earlier idle mode measurements for configuring Scell),
· Scell configurations and activations (e.g. the network could immediately configure Scell for CA without additional measurements when UE’s earlier idle mode measurements are available for setting up Scell)




In RAN2#100, the following agreements were reached:
	Agreements:
1     Support configuring SCell directly in activated/deactivated state in Rel-15. FFS how to solve the CQI ambiguous and PDCCH monitoring timing issues.
Agreements:
	Introduce a New SCell fast activation state as follows:
		1) Not introduce L1 signalling
		2) Only period CQI report based on CRS
		3) without PDCCH monitoring
Agreements:
 
1             Transition between legacy SCell deactivated state and fast activation state is via MAC-CE (i.e., similar to legacy).
2              Legacy state transition mechanisms are applicable for transition between legacy SCell activated and SCell deactivated states.

  1        The short period of the CQI reporting resource could be only available upon receiving the SCell activation command. FFS when the UE fall back to longer periodicity.
 




In this paper, we will discuss in more details on the trade-off between latency and UE power consumption in the new SCell state (i.e. UE being configured to transition from active to the new state and back). Additionally, based on the discussion outcome, we will discuss about the need to introduce measurement requirements for a UE while in the new state.
2	New SCell State	
According to RAN2 agreements, a UE that transitions to the new SCell state (e.g. by a MAC CE like command  will have the following behaviour:
· UE will not perform PDCCH monitoring
· UE will perform CRS based CQI measurements and reporting 
· RRM measurements continue according to RRC configuration
After introducing the new SCell state, the summary of the possible SCell state descriptions (including the legacy behavior also [36.321]) are as follows:
· Activated SCell: UE monitors PDCCH, reports CQI and does RRM measurements according to RRC configuration. UE may have DRX configured and according to per-UE DRX configuration activated SCells follow the same DRX configuration as PCell
· Deactivated SCell: No PDCCH monitoring or CQI reporting is required, but RRM measurements continue according to deactivated SCell measurement cycle (measCycleScell).
· Suspended SCell (Name is FFS): No PDCCH monitoring, but CRS based CQI measurements and reporting is performed by the UE. Additionally, RRM measurements continue according to the RRC configuration. UE may have DRX configured, in which case all suspended SCells follow the same DRX configuration as PCell.
[bookmark: _Hlk506147021]In order to better understand the way the new SCell state affects the monitoring or measurements for a UE, when compared to legacy SCell states, we summarized the findings in the Table 1 below. The table also considers the effect of possible DRX as well.
Note: It is assumed that the additional inter-frequency measurement consumes additional 50% more power than just monitoring the PCell. 
	
SCell state
	
Power consumption - When NO traffic
	Latency:
Before UE can be scheduled in SCell

	
	Monitoring and measuring PCell
	PDCCH monitoring SCell
	CQI measurement SCell
	RRM measurements SCell
	

	1. Active
	yes - 1x
	yes - 0.5x
	yes
	yes
	0 ms

	2. Active + DRX
	onDuration - 1x
	onDuration - 0.5x
	onDuration
	onDuration
	0 ms … (DRXcycle - onD)

	3. Suspended
	yes - 1x
	no
	yes - 0.5x
	yes
	8 ms

	4. Suspended + DRX
	onDuration - 1x
	no
	Per PCell onDuration - 0.5x
	Per PCell onDuration
	8 ms … (DRXcycle - onD + 8 ms)

	5. Deactivated
	yes - 1x
	no
	no
	measCycleSCell - 0.5x
	24 - 34 ms

	6. Deactivated + DRX
	onDuration - 1x
	no
	no
	measCycleSCell - 0.5x
	24 – 34 ms … (DRXcycle - OnD + 24 - 34ms)

	7. IDLE
	pagingCycle - 1x
	NA
	NA
	NA
	NA


Figure 1 Illustration of the delay components for SCell addition
An analysis of the new state was given in [7, 8, 9]. From here we observe that the inter-frequency measurements and measurement reporting delays are the most significant contributor to the effective offloading delay as illustrated in figure 1 [R2-1707819].
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[bookmark: _Hlk506147217][bookmark: _Hlk506147274]The inter-frequency neighbor cell measurement delay in figure 1 is even rather optimistic and as such not an estimate which can be used as baseline assumption. In worst case there would need to be allowed time for inter-frequency cell detection including a measurement round. UE is allowed up to around 3.8 seconds assuming 1 inter-carrier to be measured with GP#0. I.e. it seems reasonable to assume a measurement delay somewhere between 480ms and 3840ms. In this paper, we assume that the suspended SCell state is introduced as an alternative to either keeping the SCell in activated state or pushing the UE to idle mode. I.e. a method to reduce the SCell setup delay.

2.1  Performance results
In the following analysis of the performance impact of the new suspended SCell state, in terms of UE power consumption and latency, we have considered the following settings: 
· DRX: 
· No DRX
· On-Duration: 10ms with DRX cycle of 40, 80 and 160 ms
· No traffic – the average latency after arrival of new traffic is computed, assuming UE is in the ‘no traffic’ state (i.e. DRX sleep, deactivated SCell or suspended SCell)
· All power consumption assumptions according to Table 1 
In the next table we list the average latency for the UE to transition from its current state and until it can be assumed ready for transmission in activated state. Additionally, we also list the average power saving potential:
Table 1 Impact of DRX on average SCell latency and average UE power consumption
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Illustrating the results further, we have the following:
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[bookmark: _Ref506811962]Figure 2 UE power consumption
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Combining results from Figure 2 and Figure 3 we obtain the trade-off between UE PC and latency, depicted in Figure 4 below:
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[bookmark: _Ref506811980]Figure 4 Trade-off between UE PC and latency (label Act. 40 means Activated SCell with 40ms DRX cycle)



Note: The notation convention is as follows:
· ‘Act’: activated SCell
· ‘Susp’: suspended SCell
· ‘Deact’: deactivated SCell 
Number listed refers to the DRX cycle.
From Figure 4 we can observe the following when assuming same DRX cycles:
· The new suspended SCell state provides a latency performance in-between active and deactivated SCell states for the same DRX cycle
· The new suspended SCell state latency performance is closer to activated state performance than deactivated state performance.
· The new suspended SCell state provides some power saving opportunities compared to activated state.
· The new suspended SCell state has some increase in the UE power consumption compared to de-activated state.
From these observations it seems clear that it is the usual trade-off between power consumption and latency, when using the new suspended SCell state. For example, in case of no DRX, the new suspended SCell state consumes 25 % less power than active the SCell state, but has an additional 8ms latency vs. 0ms of activate SCell.  
Based on these results we can say that the new SCell state may provide a some benefit over what is already possible – shorter latency but higher UE power consumption than for de-activated SCell state. I.e. it offers an additional operating point in between the current activated SCell state and deactivated SCell state.
Observation 1: The new SCell state offers a new operating point between the current SCell states, by offering new UE power consumption and SCell latency operation point.
I.e. the new suspended SCell state can help in reducing the SCell setup latency when e.g. traffic comes and enable the system to use offloaded to the small cell faster. 

2.2  System level simulation results
To assess the system performance impact of the new suspended SCell state, we looked at the potential UE throughput gain and potential UE power consumption pain. Using a dynamic system level simulator (thus taking into account the dynamics of the system) we have analysed how introduction of the suspended SCell state may impact in terms of possible user throughput gain and the cost on the UE power consumption. 

2.2.1 Simulation setup	
We used an inter-site CA deployment comparing the impact of using different DRX cycles (from no DRX up to 160 ms DRX cycle) on the power consumption and the latency. The scenario is LTE HetNet deployment, with 21 macro-cells, each macro cell having a hotspot cluster of 4 small cells. UEs are uniformly distributed in the scenario and they move within the deployment area with the speed of 3 km/h. 
The performance evaluation is done for FTP 3 traffic model as defined in [TR 36.814/TR 36.889]. We assumed two different cell offered loads (5Mbps and 20Mbps), a file size of 0.5 MB, but achieving different user loads by having the following file inter-arrival rates:
· FTP3 packet inter-arrival times (offered load 5 Mbps, packet size 0.5 MB): 8, 16, 24 s
· FTP3 packet inter-arrival times (offered load 20 Mbps, packet size 0.5 MB): 2, 4, 6 s
This corresponds to FTP3 data transmission with 5 or 20 Mbps with 10, 20 and 30 UEs/macro cell.
In our simulations, we have considered two cases:
1. When the traffic ends, the UE will be released to the new suspended SCell state after 50ms (denoted here as Release Timer: 50). It is assumed that it takes 8ms to activate the SCell from Suspended state and use the SCell, and 
2. When traffic ends SCell remains in active state and UE behaves accordingly (denoted here as Release Timer: off).
More details of the simulation assumptions and setup used are given in the Annex A
Note: The axis: e.g. ‘5IAT08’ – Offered load 5Mbps, with IAT = 8s. In essence this means 10UE case. Correspondingly there are 20 and 30 UEs cases.

[bookmark: _Ref494044378]2.2.2 Simulation results
2.2.2.1	Suspended SCell and Throughput
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[bookmark: _Ref493925696]Figure 5 UE mean throughput for offered load 5 Mbps
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[bookmark: _Ref493925705]Figure 6 UE mean throughput for offered load 20 Mbps



Figure 5 shows the mean UE throughput for offered load 5 Mbps and Figure 6 shows the mean UE throughput for offered load 20 Mbps. From these results, we can observe the following:
· Impact on UE throughput from transitioning between active SCell to suspended SCell state and back it is rather minimal – i.e. very minor decrease in the throughput between the case when the SCell transitions between suspended and active states and when the SCell is kept in active state.
From the results we see that there is no significant negative impact on user throughput from using the suspended state, under the given conditions, compared to keeping the SCell in active state continuously. We do observe, as expected, that the when the DRX cycle is increased this impacts the UE throughput. And same observation can be made when the offered load increases – which is also expected. However, when observing the impact within the same DRX cycle from introducing the SCell suspended state, there is no noticeable impact.
Observation 3:  There is no noticeable negative impact on the throughput from using the new suspended SCell state.

2.2.2.2	Suspended SCell and UE power consumption
Next, we look at the UE power consumption impact from using the new SCell suspended state compared to keeping the SCell in activated state.
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[bookmark: _Ref493926412]Figure 7 UE power consumption, for offered load 5Mbps
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[bookmark: _Ref493926420]Figure 8 UE power consumption, for offered load 20Mbps



Figure 7 shows the mean UE power consumption for offered load 5 Mbps and Figure 8 shows the mean UE power consumption for offered load 20 Mbps. From these results, we can observe the following:
· There is some UE power saving gain when applying suspended SCell state compared to keeping the SCell in active state.
· Enabling SCell state transitions from active to suspended state and back gives some additional power saving gains on UE side, compared to keeping the SCell in activated state.
· Power savings are especially observed when there is high load and/or longer packet interarrival time.
· There is no negative impact on UE power consumption from using suspended SCell state.
As expected, and as observed already with Rel-8 introduction of DRX, we see a clear positive effect on UE power consumption when DRX is used. Additionally, we see an increase in the UE power consumption as the load in the network increases.
Observation 4: There is some UE power saving gain in enabling SCell state transitions from active to suspended state and back compared to keeping the SCell in activated state.

2.2.3 Simulation results Summary
Based on our simulation results and analysis, we observe that introducing a new SCell suspended state has no noticeable negative impact on the user throughput, while it has potential enable further power savings on UE side – mostly under high load conditions or when the packet interarrival time is long. 
These observations are made under the following assumptions applied for the SCell in suspended state:
· The suspended SCell follows the PCell DRX.
· The latency in transition a suspended SCell to active state is no longer than 8ms.
Based on the analysis in this paper and the observations we propose the following:
Proposal 1: RAN4 to discuss and decide on the suspended -> activated state transition delay.
Once RAN4 has agreed on the transition delay between SCell suspended and activated state, such latency assumption could be informed to RAN2 together with the suspended SCell measurement assumptions.
Proposal 2: RAN4 should inform RAN2 concerning the findings and suspended SCell conditions.

2.3	CQI measurement and reporting
In the suspended SCell state, the UE will perform CRS based CQI measurements. Reasoning for performing such measurements is to enable UE to report these to the network in an early phase during activating the suspended SCell. Additionally, it is also assumed that these CQI measurements would be reported e.g. with normal CQI reporting enabling network with good and reliable information SCell CQI information.
However, it is our assumption that such CRS based CQI measurement would in fact only be necessary to perform when the UE can also report the measurements to the network. Such a requirement limitation should be discussed with RAN2.
RAN4 would need to discuss what would UE behaviour once the UE UL synchronization is lost and the UE no longer can report the CQI. Shall the UE consider any SCell in suspended SCell state as being deactivated? I.e. the UE no longer need to fulfil suspended SCell requirements e.g. performing (CRS based) CQI measurements.
Observation 5: RAN4 should discuss UE requirements for suspended SCell once when UE has no UL synchronization.

3	Minimum requirements
As mentioned in the former section, the finding in this analysis is conditioned that the suspended SCell follows the DRX of the PCell and that the SCell transition time from suspended state to activated state is no longer than 8ms.
As the assumption is that the suspended SCell follows the PCell DRX, is seems reasonable that the UE will also be able to measure the suspended SCell according to the PCell DRX. Essentially this means the measurement performance and accuracy for the suspended SCell is like a serving SCell.
Proposal 3: Measurement requirements for a SCell in suspended state is similar to secondary CC.
Proposal 4: Measurement accuracy for a suspended SCell is same as accuracy requirements for a secondary CC.
Additionally, one associated topic to be discussed in RAN4 when discussing the suspended SCell state is the UE requirements related to interrupts and suspended SCell state. As can be noticed from this analysis we have assumed that the suspended SCell follows the DRX of PCell. One basic reasoning behind this is the fact that when the suspended SCell follows the PCell DRX no new activation or deactivation interrupts would be introduced. I.e. we assume that an SCell in suspended state shall not introduce any additional new interruptions.
Proposal 5: SCell suspended state shall not introduce any additional new interruptions.

4	Conclusions
In this paper, we discussed in more details on the trade-off between latency and UE power consumption in the new suspended SCell state. Additionally, we discussed the need to introduce measurement requirements for a UE while in the new state.
Proposal 1: RAN4 to discuss and decide on the suspended -> activated state transition delay.
Proposal 2: RAN4 should inform RAN2 concerning the findings and suspended SCell conditions.
Proposal 3: Measurement requirements for a SCell in suspended state is similar to secondary CC.
Proposal 4: Measurement accuracy for a suspended SCell is same as accuracy requirements for a secondary CC.
Proposal 5: SCell suspended state shall not introduce any additional new interruptions.
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Annex A: Simulation parameters
Table 1 General parameters
	[bookmark: _Ref399315920]Parameter
	Assumption

	System bandwidth - macro
	10 MHz

	System bandwidth - small cell
	10 MHz

	Frequency layer - macro
	2.0 GHz

	Frequency layer - small cell
	3.5 GHz 

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Small cells
	4 small cells per macro

	UE mobility
	3 km/h

	UE deployment
	Uniform in hexagonal grid

	Macro inter-site distance
	500 m

	DL Antenna configuration
	1x2, MRC receiver

	Macro BS Tx power
	46 dBm

	Small cell Tx power
	30 dBm

	UE maximum Tx power
	23 dBm

	Pathloss model - macro
	UMa [TR 36.814]

	Pathloss model - small cell
	UMi [TR 36.814]

	Traffic
	FTP model 3 as per TR 36.814 and TR 36.889

	FTP file size
	0.5 MB

	Offered load 
	5Mbps and 20Mbps per macro area

	Scheduler
	Proportional fair

	SCell configuration 
	A4, RSRQ threshold -17 dB

	Number of UEs/macro
	10, 20 and 30 UEs/macro cell

	Simulated packet inter-arrival rates (translates to different offered loads)
	8, 16, 24 s (for offered load 5 Mbps) and 2,4,6 s (for offered load 20 Mbps)

	RRC Release timer
	off, 50 ms

	SCell activation timer (from suspended to active)
	8ms

	DRX cycle
	off, 20, 40, 80, 160 ms
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On-duration No DRX 10 10 10

DRX cycle No DRX 40 80 160

Avg. latency Activated Scell 0,00 11,25 30,63 70,31

Suspended Scell 8,00 19,25 38,63 78,31

Deactivated Scell 24,00 35,25 54,63 94,31

Avg. PC Activated Scell 1,50 0,38 0,19 0,09

Suspended Scell 1,13 0,38 0,19 0,09

Deactivated Scell 1,00 0,25 0,13 0,07
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