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1. Introduction
In the last RAN4 meeting #58 RAN4 agreed requirements for UE receiver image rejection in the CR of [5]. The UE receiver image reception requirement was agreed to be 25 dBc. The last RAN4 meeting also discussed deactivated Scell measurements and how to define the UE requirements for deactivated SCell measurements especially when PCell and Scell are on the adjacent carriers. This document continues the analyses and discussions on deactivated SCell measurements and related aspects like glitches in PCell data reception and implication of large power differences between PCell and SCell on adjacent component carriers.
The documents [1] and [2] have already shown initial system simulation results, which analyse how large power differences between PCell and SCell could be experienced in the Scenario 4 (with component adjacent carriers at 2 GHz band) and what kind of implications these power differences could have (like image rejection problems). 
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	F1 provides macro coverage and on F2 Remote Radio Heads (RRHs) are used to provide throughput at hot spots
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Figure 1 Carrier Aggregation Scenario 4 in TS36.300
In this contribution we continue our analyses further and we study implication of glitches and the receiver image rejection levels in the Scenario 4 with PCell and SCell on adjacent carriers. Based on our analyses we also propose a way forward for developing UE requirements for deactivated SCell measurements and allowing glitches in PCell data reception. 
2. System simulation Results
As in [1] and [2] also for this contribution we have simulated the CA Scenario 4. The simulated scenario is presented in Figure 2. In both of the two cases carriers F1 and F2 are adjacent carriers at 2 GHz band.  
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Figure 2 Scenario 4 with Cell Edge RRHs and 2 RRHs per sector (200m distance between RRHs and macro eNB)
In this contribution we focus on investigating the system performance implications of glitches as well as performance implications due to large power differences between the carriers F1 and F2. In these latest simulations we have also included UE receiver image rejection modeling and performance degradation caused by remaining interference when image rejection is not sufficient to cope with the actual power differences between PCell and SCell. We have simulated five different combinations:

1. No image interference (corresponds to inter-band CA scenario 4)
2. Glitches due to retuning of the receiver and IRR of -25dB (the agreed UE requirement)
3. Glitches due to retuning of the receiver and IRR of -35dB 
4. No Glitches and IRR of -25dB (the agreed UE requirement)
5. No Glitches and, IRR -35dB

In the simulation when glitches are not allowed, image interference exists when ever a SCell is configured. The amount of remaining image interference is dependent on the level of image rejection in the UE receiver. The UE requirement for receiver image rejection is agreed to be 25 dBc. In the simulation when glitches are allowed, image interference only exists when an SCell is activated (SCell is above threshold and there is data to be sent ).In the simulations we used 2 ms glitches although based on some other UE requirements in RAN4 even 1 ms glitches could be considered reasonable  assumption from the UE implementation perspective. Glitches were included to the data reception when the measurements of de-activated SCells were performed. During those glitches all the data receptions failed. The simulation modelling is illustrated further in the figure below:
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Figure 3 Modelling in the simulations
We have studied power differences using instantaneous RSRP differences between PCell and measured SCells but in practice load variation between different frequency layers can naturally cause even larger power differences but these impacts have not been counted in this study.

Figure 3 illustrates a situation where the PCell instantaneous power is 30 dB higher than SCell power. If receiver image rejection is 25 dBc, as agreed in [5], and the PCell-SCell power difference is 30 dB then SCell received power is 5 dB smaller than the noise leaking from the PCell, this would make the reception of SCell quite challenging and certainly prohibit possibility to achieve any substantial bit rates on SCell. As discussed in our preivous contribution [2] our simulation results indicate that this kind of power difference may occur nearly 20% of the time when RRH are located close to cell edge and 10-15 % of the time when RRH are located close to macro cell center.
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Figure 4 Effect of finite receiver image rejection

As in the previous simulation in order to understand all the implications of PCell handovers we have performed simulations with and without PCell handovers between the macro and RRH frequency layers. 

PCell Mobility options:

· If disabled, the UEs keep macro cell always as PCell 

· If enabled, UEs may perform inter-frequency handovers to change RRH as a PCell 

Originally in TS36.300 it has been mentioned that Mobility is performed based on macro layer, which corresponds to the “disabled” case above.

In the simulations we have used the following measurement periods for de-activated SCell measurements (SccMP); 200ms and 800ms. For PCells and activated SCells the measurement period is normal 200 ms.  
1. In order to identify the “most problematic” case we simulated a scenario where both CCs were fully loaded but UEs had only keep-alive traffic ( 1pkt / 10s ) ( Case A
1. This kind of solution was used to keep the SCell deactivated almost always

2. The assumption was that the glitches should help most in this scenario

2. Additionally we have simulated  case with full buffer traffic to see if there are some negative impacts from using glitches as solution for image interference problem  ( Case B
1. During the SCell measurement glitches some transmissions may fail and this could have some impact on the user throughput and spectral efficiency
2.1 Simulation Results for Case A (Full load + minimal traffic terminals (1 packet / 10 s))

The Case A, for which we present simulation results in this sub-section, represents a case where SCell is kept deactived most of the time and thus, this case is expected to cause  somewhat more noticeable performance implications due to large power differences and image rejection problem. Thus, in the simulations we especially focus on radio link failures. 
In Figure 5 the average number of radio link failures per call is presented for the Case A when PCell handovers are disabled.  In Figure 6 the average number of radio link failures per call is presented for the Case A when PCell handovers are enabled.  In both of the figures IRR of 25 dB without glitches seems to be the worst performing case from the RLF performance perspective. Most of the other cases have rather similar RLF performance.  When PCell handovers are enabled, the case without glitches and IRR of 25 dB seem to have even worse relative RLF performance than for the other ones.
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Figure 5 Average Number of RLFs per Call ( Case A, PCell HOs disabled )
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Figure 6 Average Number of RLFs per Call ( Case A, PCell HOs enabled )

2.2 Simulation Results for Case B (Full buffer terminals)
The simulation scenario of Case B is expected to show potential negative impacts of the glitches in terms of throughput loss and spectral efficiency loss. In the Case B we have used UE velocity of 3km/h and SCell Activation threshold of  -100dB.
In Figure 7 and Figure 8 we present DL spectral efficiency results with different measurement periods for deactivated SCells with and without PCell handovers. The results are shown for UE velocity of 3 km/h for the Macro frequency layer and RRH layer separately.  These DL spectral efficiency results seem to indicate that the negative impact of short glitches in the scenario 4 with adjacent carriers F1 and F2 is clearly smaller than negative impact of remaining image interference due to large power differences between the carriers F1 and F2. 
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Figure 7 Spectral Efficiency ( 3km/h, Full Buffer & PCell HOs Disabled)
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Figure 8 Spectral Efficiency (3 km/h, Full Buffer & PCell HOs Enabled)
Next we study DL user throughput performances. In the DL user throughputs, which are collected from all the users, differences between the cases are hardly noticeable. In some cases we can observe that also in the DL user throughput results the case without glitches and IRR of 25 dB seems to perform the worst.
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Figure 9 User Throughputs ( 3km/h, Full Buffer, 10 UEs / Cell and PCell HOs disabled)
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Figure 10 User Throughputs ( 3km/h, Full Buffer, 10 UEs / Cell and PCell HOs enabled)

3. Conclusions

In this contribution we have presented simulation results for the CA Scenario 4 with PCell and SCell on the adjacent carriers. In the CA scenario 4 power differences between the two frequency layers are rather significant causing image rejection challenges. In our simulations we have modelled the image rejection requirements of the UE receiver, remaining image interference if any and 2 ms glitches for studing the implications of receiver retuning on the system and user performance. 
Our simulation results presented in this contribution show that short glitches up to 2 ms have very minor negative impact on the system and user throughput performance. On the other hand these glitches may actually improve the system performance and user experience if used for retuning the UE receiver in case of significant power differences between PCell and SCell and when PCell and SCell are on the adjacent carriers. In our simulations glitches assumed  to be used for re-tuning the receiver (avoid the reception of deactivated SCells when no neighbour cell measurements are done).
Our simulations support that the UE requirements in TS36.133 allow short glitches for performing deactivated SCell measurements and at the same time allowing the UE not need to receive deactivated Scell all the time, especially when the deactivated Scell is stronger than PCell and thus, could create undesirable interference. 
In the last RAN4 meeting it was proposed that the glitches would only be allowed with the longer measurement cycles. We, however, do not see this as a feasible way forward for two reasons; 1) image rejection problems occur in a similar manner with shorter and longer measurement cycles and 2) allowing glitches only with the longer measurement cycles is likely to push the network vendors to prefer shorter measurement cycles only. Prefering shorter measurement cycles for deactivated SCells would have undesirable negative impact on UE power consumption without any real system benefit as shown in our previous contributions like [1]. 
Since the implications of short glitches (e.g. 2ms glitches) are negligible, we see that it would even be acceptable to define the UE requirements in TS36.133 as interruption time rather than increased packet data drops, which was also proposed in the last RAN4 meeting. 

Defining requirements for increased packet data drops would also be somewhat problematic as the UE RRM requirements are typically generic rather than implementation specific and therefore also applicable for the UEs which do not retuning. In case of scenarios like the Carrier Aggregation Scenario 4 with adjacent carriers some of the UE implementations, which do not do retuning, are likely to experience larger amount of packet drops than the UE doing returning at the cost of glitches.

Alternative approach could be to define the UE requirements so that the CA Scenario 4 or any other scenario with larger power differences on the adjancent carrier PCell and SCell than the agreed UE image rejection requirement of 25 dBc would not be supported in release 10. This kind of scenario limitation would likely to be problematic in the future especially as more and more heterogenous cell deployments both on the same carrier as well as different carriers are expected. This scenario limitation would also create legacy UE requirements and assumptions, which may be difficult to overcome later. 
Therefore, we propose that for the Release 10 UE requirements for deactivated SCell measurements glitches are allowed. In Release 11 procedural enhancements for better copeing with larger power differences could then be considered.

4. Proposal for UE requirements

Based on the analyses presented in this contribution we propose that the UE is allowed glitches for deactivated SCell measurements for returning the receiver. Since the implications of short glitches (e.g. 2ms glitches) are negligible, we see that it would even be acceptable to define the UE requirements in TS36.133 as interruption time rather than increased packet data drops. 

The UE requirements could for instance be defined so that the maximum amount of interruptions would not exceed certain average value (e.g. measurement over longer period of time). Additionally if seen necessary, some limits for the maximum length for one single interruption could also be defined. 
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Annex A: Simulation Assumptions

Main simulation parameters

	Feature/Parameter
	
	Value/Description

	eNB configuration


	Operation Bandwidth
	5 + 5 MHz (Two CCs, 5 MHz BW each)

	
	Coverage layer Frequency
	2 GHz 

	
	Capacity layer Frequency
	2 GHz

	
	eNodeB tx Power
	43dBm per CC for 5 MHz

	
	RRH tx Power
	24dBm per CC for 5 MHz

	Physical layer parameters
	IFFT/FFT length
	512 for 5 MHz, 1024 for 10 MHz

	
	Duplexing
	FDD

	
	Number of sub-carriers / CC
	300 for 5 MHz, 600 for 10 MHz

	
	NW synchronicity
	synchronouss NW

	
	Sub-carrier spacing
	15 kHz

	
	Resource block bandwidth
	180 kHz

	
	Sub-frame length
	1 ms

	
	Number of symbols per TTI
	14

	
	Number of data symbols per TTI
	11

	
	Number of control symbols per TTI
	3

	Simulation Scenario
	Carrier aggregation deployment scenario 4
	19 macro sites with 3 cells each  and 2 RRHs per macro sector.

RRHs close to macro cell edge

	
	Macro cell ISD
	500 m 

	
	Penetration loss
	20 dB

	
	UE speed
	3, 50

	
	Multipath delay profile
	TU

OR

3GPP Spatial Channel Model (SCM) [TR 25.996] can be used if MIMO is used

	
	UE receiver
	2RX MRC

OR

2x2 MIMO

	
	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
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	UE tx power
	23 dBm (200 mW)
(This corresponds to the sum of PA powers in multiple Tx antenna case)

	Propagation formula
	Distance-dependent path loss 
	122.1 + 37.6 * log10( R ) + 20 * log10(fc)

140.7 + 36.7 * log10 ( R ) for RRHs 

R in kilometers,
fc is the centre frequency in Hz 
[3GPP TR 36.814]

· 

	Shadowing: 

Similar to UMTS 30.03, B 1.4.1.4 

[ ETSI TR 101 112]


	Standard deviation
	8 dB

	
	Correlation distance
	50 m

	
	Correlation between sites
	1.0

	
	Correlation between cells
	0.5

	
	Correlation between carriers
	1.0

	Interference modeling
	
	UL: Explicit modeling (all cells occupied by UEs), 

DL: Explicit modeling else cell power = Ptotal

	
	
	


Measurement and mobility parameters

	Feature/Parameter
	
	Value/Description

	RSRP/RSRQ measurement parameters
	Measurement Bandwidth (for all cells)
	6 PRBs

	
	Measurement Interval and Measurement Period for PCell

Measurement Interval and Measurement Period for SCell

L3 filtering
	40ms, 5 measurement samples, i.e. 200 ms filtering

{40, 80, 160, 320, 640 or 1280 ms}, 5 measurement samples, i.e. {200 ms, 400 ms, 800 ms, 1600 ms, 3200 ms or 6400 ms} filtering

fc0 (i.e. no filtering) or fc4

	Returning of the UE receiver
	Glitches: 
	disabled,  2 ms.

	PCell mobility

(i.e. events that trigger a handover)
	Intra-frequency A3:

Offset/TTT/Hysteresis

Inter-frequency A3 for Scenario 3:

Offset/TTT/Hysteresis
	3 dB / 256 ms / 1 dB

3 dB / 512 ms / 2 dB

	SCell activation/deactivation triggers (i.e. events that trigger whether SCell can be activated or should be deactivated)
	Activation: A1 for SCell

Threshold / TTT / Hysteresis

Deactivation: A2 for SCell
	RSRP distribution 10%ile / 320 ms / 0dB

RSRP distribution 5%ile / 320 ms / 0dB

	SCell change (i.e. which events trigger SCell configuration change)

NOTE: SCell can only be changed if the target cell belongs to the same eNB
	Intra-frequency A3:

Offset/TTT/Hysteresis
	3 dB / 256 ms / 1 dB

	RLM parameters (i.e. parameters determining when RLF occurs)
	Qout [Es/Iot]

Qin  [Es/Iot]
	-8 dB

-4 dB

	Handover delays
	Preparation delay

Execution delay

Measurement report

HO command
	50 ms

30 ms

Modeled and sent as RRC message

Modeled and sent as RRC message

	Cell identification thresholds (i.e. cell is detected when RSRP and Es/Iot are over the given thresholds)
	RSRP threshold

Es/Iot threshold
	-127 dBm

-6 dB


[image: image17.png]DL Spectral Efficiency ( Net-0 ) ( Cellident:On SCellThrA15:100 PCCHOsDis UEs!0 Vel:3 )

T
I | CaseGitches, IRR-25 )
I | Case:Giitches, IRR-35 )
[0 ( caseiNo Image Interference )
[ | CaseNoGiitches, IRR:-25 )
sl I | Case:NoGiitches, IRR:-35 )

SeeMP: 200 SecMP: 800



[image: image18.png]DL Spectral Efficiency ( Net-1) ( Cellident:On SCellThrA15:100 PCCHOsDis UEs!0 Vel:3 )

T
I | CaseGitches, IRR-25 )
I | Case:Giitches, IRR-35 )
[0 ( caseiNo Image Interference )
[ | CaseNoGiitches, IRR:-25 )
sl I | Case:NoGiitches, IRR:-35 ) |

SeeMP: 200 SecMP: 800



[image: image19.png]Number of RLFs/ Call ( CelldentOn SCelThrA15:100 PCCHOs:En UEs:10 Vel:50 )

T
I | CaseGitches, IRR-25 )
I | Case:Giitches, IRR-35 )
[0 ( caseiNo Image Interference )
06| [ ( Case:NoGlitches, IRR:-25 )
I | Case:NoGiitches, IRR:-35 )

04t -

SeeMP: 200 SecMP: 800



[image: image20.png]Number of RLFs / Call ( Cellldent:On SCellThrA15:100 PCCHOsDis UEs!10 Vel:3 )

T
I | CaseGitches, IRR-25 )
I | Case:Giitches, IRR-35 )
[ ( case:No Image Interference )
06| [ ( Case:NoGlitches, IRR:-25 )
I | CaseNoGiiches, IRR:35 )

04t -

03

SeeMP: 200 SecMP: 800



[image: image21.png]Number of RLFs / Call ( Celldent:On SCelThrA15:100 PCCHOsDis UEs:10 Vel:30 )

T
I | CaseGitches, IRR-25 )
I | Case:Giitches, IRR-35 )
[0 ( caseiNo Image Interference )
06| [ ( Case:NoGlitches, IRR:-25 )
I | Case:NoGiitches, IRR:-35 )

04t -

SeeMP: 200 SecMP: 800



[image: image22.png]Number of RLFs / Call ( Cellldent:On SCelThrA15:100 PCCHOs:En UEs!10 Vel:3 )
T

T
I | CaseGitches, IRR-25 )
I | Case:Giitches, IRR-35 )
[ ( case:No Image Interference )
06| [ ( Case:NoGlitches, IRR:-25 )
I | CaseinoGiitches, IRR:35)

04|

03

SeeMP: 200 SecMP: 800



[image: image23.png]User Throughput DL { Cellident:On SCellThrA15:100 PCCHOsDis UEs:10 Vel3)

( Case:Glitches, IRR:25 )
( Case:Glitches, IRR:35 )

( CaseNo Image Interference )
( CaseNoGitches, IRR:25 )
( CaseNoGlitches, IRR=-35 )

02 04 06 08 1 12 14 16 18




_1359288758.unknown

_1359288759.unknown

_1359288757.vsd
�


