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1 Introduction
Activation and deactivation operation of secondary serving cell were introduced for Rel-8 DC and Rel-9 DC-MIMO, so it is foreseeable that they will come into Rel-10 for 4-carrier HSDPA.

Activation/de-activation of secondary serving cell in Rel-8 or Rel-9 allows the dynamic using second serving cell without re-configured by the RNC. However, some problems would occur while we benefit from this operation.
This paper analyses the impact caused by activation/deactivation operation, and proposes several options to fix the flaw of this operation.
2 Discussion
2.1 PCI/CQI cycle restriction by activation/deactivation operation 
PCI/CQI for dual carriers are time-multiplexed with each other in DC-MIMO operation. The CQI cycle for Rel-9 DC-MIMO(2), which means Dual cell with MIMO configured in both carriers, can be set to minimum value of 4ms, whereas the CQI cycle for Rel-7 MIMO can be set to minimum value of 2ms. If a UE is configured in Rel-9 DC-MIMO(2) and deactivates the secondary HS-DSCH serving cell, then it will fall back to Rel-7 MIMO. The problem is that the CQI cycle of the fallback Rel-7 MIMO is 4ms at least, while that of Rel-7 MIMO can be 2ms by re-configuration.
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Figure 1: HS-DPCCH before and after deactivation or re-configuration
According to the simulation in [1] (the results are copied and pasted in the Annex), the throughput loss by doubling the PCI cycle may be up to 10%. It implies that re-configuration should be applied if the secondary carrier is supposed to be shut off. On the other hand, it will take so much time for re-configuration. Then what shall we do?
2.2 Robustness
There may be a case that NodeB and UE are inconsistent understanding with each other whether the secondary serving cell is activated/de-activated due to UE missing the activated/de-activated order from NodeB and NodeB decoding the DTX feedback as ACK (the probability is less then 0.01%).
Here are the cases:

A. UE feedbacks HS-DPCCH of Rel-8 DC, but Node B receives the HS-DPCCH as Rel-5 SC;
B. UE feedbacks HS-DPCCH of Rel-5 SC, but Node B receives the HS-DPCCH as Rel-8 DC;
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Figure 2: Robustness of Rel-8 DC  HS-DPCCH in case A, CQI cycle k=2ms
The figure for case B can be obtained by exchanging the two HS-DPCCHs in Figure 2. As Rel-8 DC codewords of HARQ-ACK are compatible with Rel-5 SC, the ACK/NACK is robust in case A and B. However, the CQI would not be robust, unfortunately.
C. UE feedbacks HS-DPCCH of Rel-9 DC with MIMO configured in the primary carrier, but Node B receives the HS-DPCCH as Rel-7 MIMO;
D. UE feedbacks HS-DPCCH of Rel-7, but Node B receives the HS-DPCCH as Rel-9 DC with MIMO configured in the primary carrier;
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Figure 3: Robustness of Rel-9 DC-MIMO(1)  HS-DPCCH in case C, CQI cycle k=4ms
The figure for case D can be obtained by exchanging the two HS-DPCCHs in Figure 3. As Rel-9 DC-MIMO codewords of HARQ-ACK are compatible with Rel-7 MIMO, the ACK/NACK is robust in case C and D. And, the PCI/CQI is robust in case C, but is not in case D. In case D, NodeB would almost never receive the real CQI of secondary carrier, since UE never sends it.
E. UE feedbacks HS-DPCCH of Rel-9 DC with MIMO configured in the secondary carrier, but Node B receives the HS-DPCCH as Rel-5 SC;
F. UE feedbacks HS-DPCCH of Rel-5 SC, but Node B receives the HS-DPCCH as Rel-9 DC with MIMO configured in the secondary carrier;
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Figure 4: Robustness of Rel-9 DC-MIMO(1)  HS-DPCCH in case E, CQI cycle k=4ms
The figure for case D can be obtained by exchanging the two HS-DPCCHs in Figure 4. ACK/NACK is robust in case E and case F. CQI is robust in case E but is not in case F, as UE will never send PCI/CQI for the secondary carrier in case F. 
G. UE feedbacks HS-DPCCH of Rel-9 DC with MIMO configured on both carriers, but Node B receives the HS-DPCCH as Rel-7 MIMO;
H. UE feedbacks HS-DPCCH of Rel-7 MIMO, but Node B receives the HS-DPCCH as Rel-9 DC with MIMO configured on both carriers;
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Figure 5: Robustness of Rel-9 DC-MIMO(2)  HS-DPCCH in case G, CQI cycle k=4ms
The figure for case D can be obtained by exchanging the two HS-DPCCHs in Figure 4. ACK/NACK is robust in case G and case H. PCI/CQI is robust in case G but  is not in case H, as UE will never send PCI/CQI for the secondary carrier in case H. 

It is noted the false decoding of CQI/PCI impacts the performance since NodeB could not choose the appropriate TB size or modulation based on false CQI.

Shall we tolerate the robustness caused by activation/deactivation operation in some cases above? 

Here are some reasons to say yes.
· The probability of these cases is so small that we may ignore it.
· The NodeB shall recover from the abnormal state soon by sending another activation/deactivation order or re-configuration.
Otherwise, the activation/deactivation operation should be removed and replaced by re-configuration by RNC.
3 Conclusion
The PCI/CQI cycle and robustness problems are discussed in this paper. It is pointed out that PCI/CQI cycle is restricted when UE is configured with Rel-9 DC-MIMO, which would result in throughput loss primarily caused by longer PCI cycle. In addition, the robustness is also discussed for several cases, and it is observed that the HS-DPCCH, especially the PCI/CQI, is not robust in all cases.
We proposed that:

Proposal 1: Prefer High level reconfiguration to the activation/de-activation operation for Rel-8 DC and Rel-9 DC-MIMO.

Or,

Proposal 2: Study enhanced solutions in RAN 1 or RAN 2 to fix the flaw of activation/deactivation operation.
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4 Annex
Some link level simulations were made to evaluate the impact of PCI or CQI cycle on the throughput performance. Simulation parameters are shown in Table 1.
Table 1: Simulation Parameters

	Parameters
	Comments

	Release
	Rel-7 MIMO 

	Channel Model
	PA3 

	UE Receiver Type
	LMMSE 

	HS-DSCH Power
	Maximum Power = 80% of Node B transmit power

HS-SCCH power decided by a 1% HS-SCCH BLER
HS-DSCH power margin driven by an outer loop (10% BLER after 1st Tx, Max 4 HARQ Transmissions)

	Channel Estimation
	Realistic
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Figure 6: The impact of PCI and CQI feedback cycle on Throughput performance
It can be observed that PCI cycle has significant impact on the throughput performance (4%~10%), while CQI cycle has smaller impact (less than 3%). It is reasonable to feedback PCI/CQI as frequently as possible.
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