3GPP TSG-RAN WG2 Meeting #71
R2-104818
Madrid, Spain, 23rd – 27th August 2010
Agenda item:

7.1.1.2
Source:
Nokia Corporation, Nokia Siemens Networks
Title:
Activation/Deactivation of SCells and RF retuning
Document for:

Discussion and Decision

1
Introduction
Need for RF retuning after activation/deactivation of SCells was discussed in RAN2#70bis and LS was sent to RAN4 [1]. In this contribution we first summarise the issues being discussed in RAN4, and consider different solutions for a way forward in this matter. 

2
Need for RF retuning
RAN4 is discussing the need for RF retuning for activation/deactivation of SCells and for measuring deactivated SCells. In addition to power consumption issue also other issues have been raised. One of the issues is the possible power imbalance between adjacent DL PCell and SCell [2]. 
When single RF is used to receive both adjacent PCell and SCell, a power difference between the received signals causes some problems in the reception of the weaker signal. The IQ image of the higher power signal disturbs the reception of the weaker signal. If PCell is stronger, there should not be any major problems (SCell can be deactivated). If SCell is stronger but active, active SCell can be used for data transmission. However, if a deactivated SCell is stronger and RF has not been retuned to a narrower bandwidth, then, its IQ image disturbs reception of PCell and in the worst case can even block the reception of the PCell. 

Power imbalance is an issue especially in Scenarios 3 and 4 and especially when PCell is kept on coverage layer. Allowing retuning of the RF bandwidth when SCell is deactivated alleviates the power imbalance problem. Alternatively, use of adjacent component carriers can be restricted to Scenario 1 (and possible also Scenario 2 with limited power offset).
For uplink transmission extra spurious intraband emissions are generated to adjacent deactivated SCell band if RF is not retuned to PCell band only when SCell is deactivated. Similar to multicell HSUPA similar transmit power should be used in adjacent PCell and SCell to avoid problems.

Thus, we note that RF retuning is a bigger system issue than only possible glitches that it introduces in PCell reception, and RAN2 cannot rule out the possibility of the retuning of the RF bandwidth when SCell is deactivated, before RAN4 conclusion.
3
RF retuning in SCell activation
In this section we analyse different possibilities how RF retuning could be defined in SCell activation, if such possibility seen beneficial from RAN4 point of view. 

The RF retuning itself (LO frequency shift and filter bandwidth change as well as ADC sampling rate change) is a fairly fast operation (some hundreds of microseconds). Settling of AGC, AFC and channel estimation takes longer time since samples with new RF bandwidth are needed to adjust these. Thus during RF retuning no samples are available whereas after that the received samples are “unreliable” for a while (i.e., the reception does not meet the performance requirements). This makes the definition of retuning gap length a bit ‘fuzzy’ and the length is highly implementation dependent. Good implementations can retune RF faster and start receiving reliable samples faster. 

In HSPA the timing aspects of activation/deactivation can be found in subclauses 6A.1 and 6.B of 25.214 [3]:

-
This ordered deactivation or activation of the HS-SCCH-less operation is applied by the UE 12 slots after the end of the HS-SCCH subframe delivering the order.

-
If the UE is not configured with multiple uplink frequencies, HS-SCCH ordered deactivation or activation of the secondary serving HS-DSCH cell is applied by the UE 12 slots after the end of the HS-SCCH subframe delivering the order, and any transient behaviour related to this change should take place before this point in time. The corresponding change of the HS-DPCCH channel coding scheme as specified in [2] is applied by the UE at the first HS-DPCCH subframe boundary after the activation or deactivation has been applied.

-
If the UE is configured with multiple uplink frequencies, HS-SCCH ordered deactivation or activation of the secondary serving HS-DSCH cell is applied by the UE 18 slots after the end of the HS-SCCH subframe delivering the order, and any transient behaviour related to this change should take place before this point in time. The corresponding change of the HS-DPCCH channel coding scheme as specified in [2] is applied by the UE at the first HS-DPCCH subframe boundary after the activation or deactivation has been applied.

-
HS-SCCH ordered deactivation or activation of the secondary uplink frequency is applied by the UE at the same point in time as in the case of HS-SCCH ordered deactivation and activation of the secondary serving HS-DSCH cell for a UE configured with multiple uplink frequencies.

So depending on whether multiple uplink frequencies are already configured or not, an activation/deactivation command is applied by the UE 8 or 12ms after receiving the command. It is also understood that since the UE has to acknowledge the reception of the activation/deactivation command (5ms after receiving it); the transient period in practise takes place between 6 and 8ms. Furthermore, since the network would likely not schedule anything after sending the activation/deactivation command, the UE behaviour during the transient period was left unspecified.
For LTE similar definitions for RF-retuning could be defined as depicted by Figure 1, where N subframes after receiving the MAC CE command is defined as transition period and after that SCell would be active. To get confirmation to the eNB regarding the reception of the MAC CE command the UE would be required to send ACK. As the UE behaviour is unspecified the eNB can only assume that UE cannot receive N subframes. 
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Figure 1: Solution 1, N subframes after activation command is defined as transition period, UE may use this time for RF retuning (HSPA type solution)
Benefits of this solution are:

· Simple scheme, low standardisation efforts as only transition time N is defined.
· Allows flexible UE implementation when actual retuning is done.
· UEs that are better than the standard can benefit by doing re-tuning earlier achieving better settling of AGC, AFC and channel estimation.

· Simple network implementation, as eNB just stops scheduling during transition period.

Drawbacks of this solution are:

· Sufficiently long gap would have to be introduced to DL reception and uplink transmission, as gap would include MAC processing, L1 HARQ feedback time and RF-retuning time.
· UEs that are better than the standard cannot obtain shorter transition period without new UE capability definition.
· UEs that do not perform RF retuning would require separate UE capability, to indicate that those can be scheduled during activation procedure. This might become RF band dependent.
The second option is to define the time moment for RF retuning exactly as we presented in our contribution in previous meeting. This solution is depicted Figure 2. While starting the transient period in the TTI where the activation/deactivation is sent could reduce the delay, starting the transient period in the TTI used for transmission of the HARQ feedback (positive acknowledgement) can reduce the length of introduced scheduling gaps. 
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Figure 2: Solution 2, N subframes after sending the ACK are defined as transition period, UE may use this time for RF retuning
Benefits of this solution are:

· Simple scheme, low standardisation efforts as only transition time N after HARQ ACK is defined.

· Scheduling gap is reduced compared to first solution.
· Network is fully aware of which subframes the UE is able to receive and send HARQ feedback.
Drawbacks of the solution are:

· UEs that are better than the standard have no possibility to perform re-tuning earlier to achieving better settling of AGC, AFC and channel estimation.

· UEs that are better than the standard cannot obtain shorter transition period without new UE capability definition.

· UEs that do not perform RF retuning would require separate UE capability, to indicate that those can be scheduled during activation procedure. This might become RF band dependent
The third option to this issue is to consider solution where maximum transition time N when the UE is ready to receive SCell is defined together with maximum RF retuning time M which UE is allowed to use for RF retuning. Exact time moment i.e. subframes which UE uses for RF retuning in transition time N i.e. between receiving the MAC CE command and able to receive SCell would not be defined. This solution is depicted in Figure 3.
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Figure 3: Solution 3, SCell reception ready after N subframes, UE may use maximum of M subframes for RF retuning (using x+4 and x+5 subframes is an example)

In addition, this solution does not separate between those UEs that are performing re-tuning and UEs without retuning UE capability and therefore network could assume that all UEs are able to receive every TTI on PCell during transition time N. Those UEs that would perform RF retuning would suffer HARQ performance degradation during this transition period which is upper bound by the parameter M. With M selected to be sufficiently small, an eNB scheduler may not need to differentiate this. However, if desired, the eNB scheduler may schedule for UEs being in transition period, only if there is free capacity in the PCell. 
Benefits of this scheme are:

· Identical activation procedure with separate RF case (different band) or with the case when UE is not performing RF retuning
· UEs that are better than the standard can perform re-tuning earlier to achieve better settling of AGC, AFC and channel estimation.

· If network always assumed no RF retuning gaps, UE implementations better than minimum standard requirement would benefit directly, i.e. the reception break is minimised.
· No need to introduce any UE capability of RF retuning, or any different categories of these. Nor risk of UE capability becoming RF band dependent
Drawback of the solution:
· If M is not defined short enough in standards, in practice, the solution becomes same as solution 1 as network cannot transmit any of N subframes.
· Slightly more standardisation work as also value for M needs to be defined.
In above, we have shown that there are multiple alternatives to define SCell activation procedure that allows RF retuning. None of the solutions are very complex, nor require significant signaling between eNB and UE and in solution 3 the signaling can be avoided completely. 

Selecting which scheme is the best one, depends on network scheduler implementation and system operation during activation transition period. 
Conclusion 1: From RAN2 procedure point of view SCell activation with RF-retuning is feasible. 
4
Measurements of deactivated SCell 

In addition of RF retuning, RAN4 is currently discussing the evaluations needed to define the measurement requirements for deactivated SCells. Initial results for measurements of SCells indicate that fairly infrequent measurements are enough [3] and therefore any glitches due to RF retuning can be neglected.

Two approaches have been considered: defining the requirements in similar manner as inter-frequency measurement requirements or using DRX based requirements. Both approaches are intended to allow UE power saving while maintaining sufficient mobility and carrier aggregation management performance. 
We see Rel-8/9 DRX based measurement requirements as a good basis for SCell RRM measurements. 

From measurement requirements point of view it would be enough to define a DRX cycle length for deactivated SCells. Thus no actual DRX pattern would be needed for deactivated SCells. This DRX cycle length “SCell-Long DRX” could have same and even longer values than Rel8/9 long DRX values and the network could set up suitable measurement activity depending on system deployment.  The UE would carry out the needed measurements to meet the defined requirements according signalled “SCell-Long DRX” value. 
Proposal 1: Define SCell-Long DRX cycle for deactivated SCells for RRM measurement purposes.

Proposal 2: Define measurement requirements for deactivated SCell according using the SCell-Long DRX cycle.

Proposal 3: Ask RAN4 to evaluate which SCell-Long DRX cycle length(s) would be sufficient to ensure mobility and CA management operation while maintaining the power saving opportunities.

5
Conclusion
RF retuning at SCell activation was discussed and several solutions were presented with pros and cons.

Conclusion 1: From RAN2 procedure point of view SCell activation with RF-retuning is feasible. 
In order to clarify the RRM measurement requirements for deactivated SCells, the following is proposed:

Proposal 1: Define SCell-Long DRX cycle for deactivated SCells for RRM measurement purposes.

Proposal 2: Define measurement requirements for deactivated SCell according using the SCell-Long DRX cycle.

Proposal 3: Ask RAN4 to evaluate which SCell-Long DRX cycle length(s) would be sufficient to ensure mobility and CA management operation while maintaining the power saving opportunities.
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