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1 Introduction
During the meeting discussion in RAN2 #69, the time required for CC activation is not clear. Because the range of this time may impact to subsequent RAN2 decision on CC activation/deactivation and MAC CE format design, it will be beneficial for RAN4 to discuss the CC activation time for RAN2 reference.

This paper investigates the differences between different UE transceiver architectures identified in TR 36.912 [1] and discusses the possible time consumption required for CC activation. The objective is to conclude whether this parameter is a variable and the reasonable range to be assumed.
2 Discussion on UE Transceiver Architecture
In TR 36.912, 4 UE transmitter architectures (11.3.2.1) and 2 UE receiver architectures (11.3.3.1) are identified. The UE transmitter architectures include the options:
A – Single (baseband + IFFT +DAC + mixer +PA)

B – Multiple (baseband + IFFT + DAC), single (stage-1 IF mixer+combiner at IF+stage-2 RF mixer+PA)

C – Multiple (baseband + IFFT + DAC + mixer), low-power combiner at RF and single PA

D – Multiple (baseband + IFFT + DAC + mixer + PA), high-power combiner to single antenna or dual antenna
For contiguous intra-band CC aggregation, option A/B/C/D can work. For non-contiguous intra-band CC aggregation, option B/C/D can work. For non-contiguous inter-band CC aggregation, only option D is feasible. Meanwhile, the following UE receiver architecture options are also identified in TR 36.912:

A – Single (RF + FFT + baseband) with BW>20MHz
B – Multiple (RF + FFT + baseband) with BW≦20MHz
For contiguous intra-band CC aggregation, both option A and B can work. But for non-contiguous intra-band or inter-band aggregation, only option B is feasible. From the network perspective, option A UE architecture will result in lower capability on flexibly supporting all the CA scenarios. However, option A UE architecture can bring much benefit on reducing UE hardware complexity and implementation cost, which can lead to broader population for the Release 10 UE.
In addition, according to the Prioritized Deployment Scenarios for LTE-Advanced identified by R4-091464, [2] both contiguous and non-contiguous spectrums are identified. But even within the non-contiguous scenario, parts of the carriers are still contiguous with each other. For example, non-contiguous “2×20 + 10 + 2×20” CCs are identified for scenario#10, where the “2×20” are still contiguous within such non-contiguous scenario. Therefore, Option A for UE transmitter and receiver architectures will be an architecture need to be generally considered and supported.
Observation#1: All the Rel-10 UE transceiver architectures identified in TR 36.912 need to be supported.
3 Discussion on Time Requirement for CC Activation
The time required for CC activation under different UE transceiver architecture may be different. In general, the time requirement may include two major parts: “RF switching time” and “DL/UL synchronization time”.

3.1 RF Switching Time
RF switching time is highly dependent on the implementation and may be different from one architecture to another. In general, RF switching time includes the time for “turn on transceiver”, “transceiver lock on oscillator”, “transceiver center frequency adjustment”, “transceiver filter adjustment” and etc.. 

For option A UE architecture, the time for “turn on transceiver”, “transceiver lock on oscillator” may not be required. But it may take more time on “transceiver center frequency adjustment” and “transceiver filter adjustment” because its new center frequency may not located on channel raster grid and it may need to change to wideband filter for support SCC.
For UE architecture with multiple RF, the “transceiver center frequency adjustment” and “transceiver filter adjustment” should be the same as Rel-8/9 UE. But it may take additional time for “turn on transceiver” and “transceiver lock on oscillator”. In general, the RF switching will not take very long time. The reasonable expectation is the time less than 5ms.
3.2 Synchronization Time
Synchronization refers to timing, frequency and power adjustment required for SCC activation. 

3.2.1 Timing Offset Compensation
Because UE has synchronized with eNB in PCC, the timing configuration for SCC should be the same as PCC. The effect by multiple TA is not included in following discussion because it has not been fully agreed by RAN2 for Rel-10. Therefore, it can be assumed that the time consumption for timing offset compensation can be ignored. 

3.2.2 Frequency Offset Compensation
For frequency adjustment, UE is assumed to know exact center frequency location of the SCCs before activation. Therefore, the frequency synthesizer can be adjusted accordingly and the adjustment time for this will be considered in RF switching time. In addition, fine frequency offset correction is also requested for SCC activation. The fine frequency offset usually comes from Doppler effects, which is function of the UE velocity and its relative direction from eNB. Because the signals transmitted over PCC and SCC are between the same eNB and UE, the Doppler effects in PCC and SCC will have certain level correlation.

When discussing the time required for compensating fine frequency offset in newly activated SCC, it is important to know the maximum difference between the Doppler offsets of PCC and SCC. The reason is assuming UE already synchronize with the signal transmitted in PCC, the frequency offset information obtained in PCC can be applied to SCC for initial reference. Consider a very worse situation that PCC is located at 2GHz and SCC is at 800MHz, where UE is moving by the speed with 500km/hr. 

This will lead to the difference between the maximum Doppler shift of PCC and of SCC become 555.5Hz, which is smaller than one OFDM sub-carrier spacing (i.e. 15kHz). Because the maximum Doppler shift can be tolerated from a 0.5ms spaced RS is 925Hz, it means that UE generally does not need to receive DL SCH to compensate the frequency offset if the frequency offset estimation results obtained in PCC can be applied to SCC first. Therefore, the reasonable assumption is that UE can complete the DL synchronization within 5ms, which consider the worse case that UE can still receive one DL SCH for compensating the frequency offset.

3.2.3 Power Offset Compensation
For UE AGC adjustment, the time requirement depends on whether UE can obtain the eNB SCC transmit power level from PCC. If the answer is yes, the AGC adjustment can be very fast (e.g. in unit of OFDM symbol). If not, the worst case is that UE cannot complete AGC adjustment until receiving one DL SCH. Therefore, the worse case can be considered as 5ms to complete UE AGC adjustment.

However, the time for UE UL transmit power adjustment is difficult to determine at this stage. Because it is dependent on how PUCCH configured. If UE is allowed to transmit D-SR over the PUCCH in newly activated SCC, then the time to converge UL power adjustment can be faster. If not, UE may need to utilize RACH to ramp-up the UL transmit power gradually. Currently RAN2 does not have consensus on this part, where this decision may also be pending on the mechanism for UE to acknowledge the completion of SCC activation. In addition, it is also relevant to the duplexing scheme and the difference of the interference and required SINR level between PCC and SCC. Therefore, it is difficult to provide specific upper bound at this stage.
In summary, some of the detail calculation is still pending on future decision by RAN2 on UL CC activation procedure. It may be better to generally consider the CC activation time is a variable and dependent on UE implementation. In next section, some preliminary calculation will be provided to show the possible range for the upper bound of CC activation time.

Observation#2: CC activation time is a variable and dependent to UE implementation.
3.3 Upper Bound of CC Activation Time
In order to investigate the possible range for the upper bound of CC activation time, the Figure 1 assumes an ideal scenario to ignore the UE UL power adjustment time and assume UE AGC adjustment and frequency offset compensation can be complete at the same time. 
 
[image: image1.emf]DL PCC

DL SCC

UE

eNB

eNB send MAC CE 

for SCC activation

eNB send DL/UL 

grant for SCC

RF Switching 

Time

Synchronization

SCC Activated

SCC Activated SCC De-activated

t

t

t

DL SCH


Figure 1 Ideal scenario for UE to complete SCC activation
Figure 1 assumes eNB send MAC CE to UE for SCC activation within the same TTI where DL SCH is transmitted. Consider the worse case that UE need to take 5ms to complete RF switch, UE may miss the incoming DL SCH for frequency offset compensation and AGC adjustment. It results in the worst case that UE need to wait for another DL SCH to complete the synchronization. Assume eNB can immediately be informed once UE has completed SCC activation and there is no additional time required for UL power adjustment (e.g. only one UL CC), eNB may immediately provide DL/UL grant to UE at next TTI. By having such ideal assumptions, it takes 10 TTIs for UE to complete SCC activation by considering the worse case for other effects. This can be an example calculation to show that the upper bound of the CC activation time may be longer than 10ms.
Observation#3: The upper bound of CC activation time may be longer than 10ms
4 Conclusion
According to the previous analysis result, it is believed that the CC activation time is generally a variable and dependent on UE implementation. It is recommended that RAN4 further discuss the valid range of the CC activation time. If agreed, it is suggested for RAN4 to send LS to RAN2 for concluding these performance numbers or reflecting the above observation to facilitate RAN2 discussion.
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