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1 Introduction

During RAN2 #70 meeting, we discussed whether the intra-band RF retuning is allowed or not at DL activation/de-activation. Two possible way forwards were provided as following:
· Solution A: No glitch

1. No glitch at act/deact and measurement deactivated Scell: 

2. single intra-band RF UE will have to keep open the RF at deactivation; double intra-band RF UE can switch off the Scell RF at deactivation

· Solution B: RF retuning solution (glitch)

1. Intra-band RF retuning with glitch at act/deactivation and for measurement on deactivated Scells

2. Detailed handling of glitch (e.g. is eNB aware?) at act/deact and measurements of deactivated Scells is FFS

The solution selection mainly depends on following three aspects. 
· The frequency of measurement on the deactivated CC
· The frequency of the activation/deactivation

· The gain of power saving to retune the RF at activation/deactivation
So we analyze these aspects in this document, and then give a way forward for further decision.
2 Discussion
2.1 The frequency of the activation/deactivation
Activation/deactivation may happen because of 1) data activity change, 2) radio condition change if “loose management” is used.

· Activation/deactivation due to radio condition changes if “loose management” is used.

With loose management, the reduced RRC reconfiguration signalling could be done by activation/deactivation when the radio condition changes. According to the simulation result in [5], no such kind of activation/deactivation is needed in scenario #1, and only near 0.1 times per second activation/deactivation is needed in scenario #3. It is negligible.
· Activation/deactivation due to data activity change

For all available traffic models, most services need only one carrier. As our understanding, it seems only FTP service possibly request carrier aggregation. We take the large size FTP as an example in the following analysis.
Taken a 10MB file download as an example, and based on the simulation assumption in the annex, the data packet transmission interval characteristic on Scell(s) is analyzed. Part of the simulation result is illustrated as below:
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Figure 1: The data packet transmission interval characteristic on Scell(s) 
Note: Legend ‘Max120Mbps-1’ indicates the interval of transmission on each CC with scheduling policy1 or on the first CC with scheduling policy 2; 

Legend ‘Max120Mbps-2’indicates the interval of transmission on the second CC with scheduling policy2;

Legend ‘Max240Mbps-1’ indicates the interval on each CC transmission with scheduling policy1 or on the first CC with scheduling policy 2;

Legend‘Max240Mbps-2’ indicates the interval on the second CC transmission with scheduling policy2; 

Legend‘Max240Mbps-3’ indicates the interval on the third CC transmission with scheduling policy2.

Legend‘Max240Mbps-4’ indicates the interval on the forth CC transmission with scheduling policy2.
For such kind of large file download services, the data rate will increase step by step. More than one CC may be activated. The data will not be transmitted continually. However considering the time requirements for activation/deactivation (15ms) and the activation/deactivation delay [3], no activation/deactivation happens if the interval of two transmissions is lower than 50ms, which are the most cases as shown in the figure1.  So the activation/deactivation frequency during the traffic transmission is not frequent, and in most cases, once the CCs are activated after configured it will not deactivated until removed.

Because it is not necessary for the other service to use carrier aggregation, this analysis is based on FTP service event though the FTP service is not so burst to evaluate the activation/deactivation mechanism. We would be happy to join the further evaluation if any other more suitable service model is proposed.

Observation 1: we have not foreseen frequent activation/deactivation.
2.2 The frequency of measurement on the deactivated CC

The requirement to measure on deactivated CC is being discussed in RAN4. Even though there is no final decision, but we can deduce the qualitative requirement based on the requirement for intra-frequency and inter-frequency measurement:
Relaxing the measurement requirement on deactivated CC is widely discussed, so we could expect it would be relaxed at least comparing with intra-frequency measurement. As shown in the below table, the minimum measurement period of intra-frequency cells is 200ms, and the maximum measurement period is 12.8s. From mobility point of view, Pcell would play more important role similar as serving cell in Rel-8/9, so the measurement on deactivated CC is more like the inter-frequency measurement in Rel-8/9. With further relaxing, the measurement period of deactivated CC would be larger than 200ms a lot. With this kind of requirement, the interruption frequency on the data transmission due to RF retuning at measurement is negligible.
Requirement to measure FDD intra-frequency cells

	DRX cycle length (s)
	Tmeasure_intra (s) (DRX cycles)

	≤0.04
	0.2 (Note1)

	0.04<DRX-cycle≤2.56
	Note2 (5)

	Note1: Number of DRX cycle depends upon the DRX cycle in use

Note2: Time depends upon the DRX cycle in use


Observation 2: the measurement on deactivated CC would not be frequent. 
2.3 The gain of power saving to retune the RF at activation/deactivation
In most cases, e.g. inter-band or multiple-RF intra-band carrier aggregation, there is no glitch issue at all at activation and deactivation. Only if it is the one RF adjacent intra-band case, there is glitch issue and the UE needs to choose working on the narrow bandwidth or the wide bandwidth depending on how many cells are configured and or activated at this TTI. 
Once the the RF is turned on and work on certain frequency, comparing to working on the wide bandwidth, the saved power by retuning the RF to a narrow bandwidth is not significant as our estimation. Even though the exact amount of power-saving will very much depend on the specific implementation of the UE RF, it seems this power gain can not justify two much complexity or data interruption. However it is also bad to waste without any reason.
Observation 3: the gain of power saving by retuning the RF at activation/deactivation is not significant.
2.4 Summary
According to our analysis:

· We have not seem frequent RF retuning due to the activation/deactivation and measurement on deactivated CC , which means the pain of data interruption with glitch is negligible

· The power saving by retuning RF to narrow bandwidth is limited, which means the gain of power saving with glitch is also not significant. 
So it is not an important matter whether to retune the RF or not at activation/deactivation from the pain and gain perspective. So we think no specification on the UE RF behaviour at activation/deactivation is needed with following additional reasons:
1. Both single-RF and multi-RF are possible solutions for intra-band CA, and it is difficult for eNB to know whether two adjacent cells share the same RF chain or not. 

2. Whether the UE retune the RF at activation/deactivation does not impact the system performance. 

3. The smart UE would be responsible for its power saving and to choose the best way to work take both frequency of measurement/activation/deactivation and the power gain into account.

4. It is better not to impose any unnecessary limitation on UE implementation.
If UE only need to work on one cell as shown in the following picture in a steady manner, e.g. when one of the cells is de-configured, it is better for UE implementation to retune the RF. We should not waste any power even though it is not big.

[image: image2.emf]f

RF

f

RF


Stable transition scenario
If the UE need to transit between different operating bandwidth more frequently, this RF retuning will lead to the cost of frequent data interruption, the gain of power saving can not justify the cost of glitch. It is better for UE implementation to always cover its capable bandwidth.
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Frequent transition scenario
Proposal 1: it is no need to specify the UE behaviour of RF retuning at activation/deactivation.
3 Conclusion
In this document as our analysis, both the pain and gain with glitch solution are not big, so we propose that

Proposal 1: it is no need to specify the UE behaviour of RF retuning at activation/deactivation.

Than means it is up to UE implementation whether to retune its RF when one of the cells share the same RF is activated/de-activated
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5 Annex: Simulation assumptions
	Parameters
	Values

	File Size
	10Mbytes

	Transmission delay
	One way transmission delay 20ms

	Client TCP Receive Buffer Size
	226Bytes

	Client TCP ACK Scheme
	Seg/Clock based with max delay 10ms

	Client TCP Window Scaling
	Enabled

	Max DL transmission data rate
	120Mbps: with 2 CCs

360Mbps: with 5 CCs

	Scheduling Policy[3]
	1.Data are transmitted by all the configured CCs 

2.Fixed data rate available on PCell, excess sent to SCells
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