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Discussion/Decision
1. Introduction

One issue discussed last meeting is whether additional procedure to activate CC is needed. Assuming that CCs will be turned on and off continuously, separating configuration and activation brings gain in terms of signaling overhead.

This contribution analyzes the potential benefit of the activation procedure to assist the decision making in RAN2.
2. Discussion 
For the simplicity, let’s assume RRC reconfiguration message configure CCs. In approach 1, CCs are configured and activated with a single RRC message. CCs are released and deactivated with a single message. Thus the CCs need to be configured again to be used again. 
In approach 2, CCs are configured by the RRC message. The configuration is kept in the UE and reused whenever it is activated. Obviously both approach serves the task of turning on/off CCs well. Only difference is that in approach 1 whole CC information is sent for the activation while in approach 2 limited information is sent for the activation.
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Fig 1. Comparison of two approaches.
Apparently, the benefit from signaling reduction of the approach 1 depends on three facts. 

· The size of CC information

· The frequency of activations

· The frequency of handover : configuration information is valid only until the handover.
Table 1 below is the estimation of the CC information size. Only the size of individual IEs are counted, thus the actual size would be a bit higher.
<table 1>
	DL CC information
	
	UL CC information
	

	PhysCellId 
	1
	UL CarrierFreqEUTRA
	16

	DL CarrierFreqEUTRA
	16
	UL CarrierBandwidthEUTRA
	4

	DL CarrierBandwidthEUTRA
	4
	RACH-ConfigCommon
	32

	UE identity
	32
	PRACH-Config
	28

	PDSCH-ConfigCommon
	9
	PUSCH-ConfigCommon
	21

	PHICH-Config
	3
	PUCCH-ConfigCommon
	23

	AntennaInfoCommon
	2
	UplinkPowerControlCommon
	32

	BCCH-Config 
	4
	P-Max 
	6

	PDSCH-ConfigDedicated
	3
	UL-CyclicPrefixLength
	1

	AntennaInfoDedicated
	6
	RACH-ConfigDedicated
	10

	　
	
	PUSCH-ConfigDedicated
	12

	　
	
	PUCCH-ConfigDedicated
	14

	　
	
	SoundingRS-UL-ConfigDedicated
	24

	　
	
	UplinkPowerControlDedicated
	18

	total
	80b
	total
	241b


The frequency of activation is highly dependant to scheduling strategy, traffic pattern etc, that can not be predicted at the moment. For the analysis sake, 3 scenarios are assumed. 
<table 2>
	
	Activaiton interval
	Activation duration
	Note

	Scenario 1
	50 msec
	20 msec
	CCs are activated/deactivated to deal with the short term traffic fluctuation. 

	Scenario 2
	500 msec 
	100 msec
	CCs are activated/deactivated to deal with the mid term traffic fluctuation.

	Scenario 3
	1 hour
	1 minute
	CCs are activated/deactivated to deal with BW consuming service. (i.e. CCs are activated when a RB is setup and deactivated when the RB is released) 


Assuming, in average 2 DL CCs and 2 UL CCs are activated, table 3 shows the amount of overhead of the approach 1 to turn on/off CCs. The overhead of the approach 1 is the upper limit of the overhead reduction of the approach 2.
	<table 3>
　
	Handover interval = /10sec　
	Handover interval = /100sec　
	Handover interval = /1000 sec　

	
	Number of activtions in a cell
	Overhead reduction (KB)
	Number of activtions in a cell
	Overhead reduction (KB)
	Number of activtions in a cell
	Overhead reduction (KB)

	Scenario 1
	200
	8.03 
	2000 
	80.25 
	20000 
	802.50 

	Scenario 2
	20
	0.80 
	200 
	8.03 
	2000 
	80.25 

	Scenario 3
	0
	0.00 
	0 
	0.00 
	0 
	0.00 


In scenario 1, 802.5 KB is saved per UE in a cell by not sending full configuration every activation. To see how much gain it is, the gain should be normalized by the total data traffic served by the activated carriers of a UE. Following is assumed to calculate the total data traffic. 
· an aggregated carriers provides 0.19 bps/Hz/User in average. The number is patched from the RAN1 simulation in LTE performance verification.
· total bandwidth from the activated carriers is 20 MHz.
Table below shows the ratio between the total traffic transmitted over the activated carriers and the amount of traffic saved from approach 2 during 100 second. Handover interval is also per 100 sec/. 
<Table 4>
	
	Duration carrier aggregated  (msec)
	Total traffic volum
(KB)
	ratio

	Scenario 1
	40000
	152,000,000
	0.00005%

	Scenario 2
	20000
	76,000,000
	0.00001%


Conclusion 1: There is no gain in overhead reduction point of view in approach 2.
One can consider approach 2 has an edge on approach 1 in terms of activation delay reduction.
Assuming configuration is via RRC, processing delay would be around 15 msec. If activation is done in lower layer, processing delay could be reduced to less than 1 msec. Thus the CCs could be activated more quickly by 15 msec. However, we fail to see the real gain achieved from activating carriers 15 msec earlier. What would be the difference switching from e.g. 100 Kbps to 1 Mbps 15 msec in advance?
One can argue that approach 2 is better in terms of deactivation delay reduction. This delay reduction could be linked to power saving gain in a sense that RF circuit is turned off 15 msec earlier.  
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As seen in the figure above, if the duration that ENB intended to schedule the UE in the activated CC is same, RF is kept on shorter by 15 msec per activation in the approach 2. This results in power saving.
In power saving point of view, the gain depends the duration of activated period. Table 5 shows the total turn-on duration of approach 1 normalized by that of approach 2 for each scenarios/each approach during 10 seconds.

 < table 5>
	　
	Approach 1
	Approach 2

	Scenario 1
	1.214 
	1.000 

	Scenario 2
	1.025 
	1.000 

	Scenario 3
	1.000 
	1.000 


In the analysis above, it is assumed that one RF is always on for the anchor CC and another RF is swithced on when additional CCs are activated. Then for example in the scenario 1, the total turn-on duration of the approach 1 is 17000 msec (=10000 msec for the anchor carrier + 7000 msec(=35* 10000/50) for the additional carriers).  In the same scenario, the total turn-on duration of the approach 2 is 14000. Thus the normalized ratio is 1.214 meaning that approach 1 would require 21% more battery.
As seen in table 5, the gain is considerable only in the scenario 1 where short turn-on  period is repeated quite frequently (say 20 msec turn-on period with 50 msec interval).0 msec (=10000 msec for oach 1 is e total when additional CCs are activated.
















































3. Conclusion
Generally approach 2 brings almost no gain in signaling overhead reduction point of view. Approach 2 reduces the activation delay by RRC processing delay which could be 15 msec at most. However reduced activation delay by tens of msec seems not bringing any real gain in terms of user QoS, throughput or system performance. Approach 2 brings some gain in power saving. The gain could be significant if the activation is frequent/short.

It is proposed to discuss what kind of activation pattern should be considered. Unless activation in the order of ten msec is the scenario to be considered, it is proposed to go for approach 1.
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