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Introduction

In TR 25.840 [1], it is described that gating shall not be used when SSDT is activated. During the last WG1 meeting #19 in Las Vegas, for further improvement of UE battery life and inteference reduction, we have proposed the method for activation of gating when there is no transmission of DSCH and associated DPDCH even if UE is in soft handover region with SSDT activated [2]. There were many discussions about our proposal in that meeting. In this contribution, we clarify the relation between gating and SSDT. Furthermore, text proposal for TR 25.840 is also attached.

Observation on DL Transmission in Soft Handover Region

First, we consider two cases regarding DL DPDCH transmission in soft handover region. The first case is that DL DPDCH is transmitted as shown in Figure 1-(a). The second one is that DL DPDCH is not transmitted and only DL DPCCH is transmitted to sustain connection, as shown in Figure 1-(b). 
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(a) DL DPDCH transmission exists.
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 (b) DL DPDCH is not transmitted. Just DL DPCCH is transmitted.

Figure 1.  Two cases regarding DL DPDCH transmission without SSDT active.

SSDT aims to reduce downlink interference by transmitting DPDCH only from primary cell selected by UE among the active cells, as shown in Figure 2-(a). If there is downlink data to transmit, SSDT obviously provides the gain of DL interference reduction, since DL DPDCH is transmitted only from the primary cell selected by UE. However, if there is no DL DPDCH data to transmit, there is little difference between the two situations shown in Figure 1-(b) and Figure 2-(b), regarding DL interference. The reason is that DL DPCCH is transmitted from all the active cells, whether SSDT is activated or not. Thus, it seems that SSDT operation may not provide any significant gain when there is no DL DPDCH data to transmit.
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(a) DL DPDCH transmission on SSDT
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(b) No DL DPDCH transmission on SSDT

Figure 2. Two cases regarding DL DPDCH transmission when SSDT is activated.

Next, we consider the condition for activating gating. Gating can be activated if there is no transmission of DL DPDCH associated with DSCH and UL DPDCH. Thus, even though SSDT is activated, there is possibility that gating can be activated when there is no DL DPDCH transmission, by suspending SSDT operation. If gating could be activated also in soft handover region with SSDT active, UE battery life can be further improved and interference can be reduced.

Proposed method to use gating when SSDT is activated

For further improvement of UE battery life and further reduction of inteference, we propose a method to enable the use of gating when there is no DPDCH transmission even if UE is in soft handover region with SSDT activated. The proposed operations are as follows: 

Case 1) UE enters the soft handover region with SSDT active during gating is activated.

This situation is shown in Figure 3-(a). UTRAN does not terminate gating. UTRAN sends the UE higher layer signaling message which contains parameters for SSDT operation by using embedded data period. However, since gating is not terminated, the UE and the cells in the active set temporarily suspend SSDT operation and perform normal soft handover operation. This means that the UE does not send primary cell ID and each cell in the active set acts as if it is the primary cell in SSDT operation. The received parameters for SSDT operation are used to resume SSDT operation if gating is terminated during the UE is still in the soft handover region. 

Case 2) Condition for initiating gating is fulfilled when UE is in soft handover region with SSDT active.

This situation is shown in Figure 3-(b). UTRAN sends the UE higher layer signaling message which indicates the initiation of gating. Then, both the UE and the cells in the active set temporarily suspend SSDT operation and perform normal soft handover operation. This means that the UE does not send primary cell ID and each cell in the active set acts as if it is the primary cell in SSDT operation. 

Case 3) Gating termination condition is fulfilled when UE is still in soft handover region with SSDT active. 

This situation is shown in Figure 3-(c). UTRAN sends the UE higher layer signaling message which indicates termination of gating. Then, UE resumes SSDT operation by using SSDT parameters. Each cell in the active set resumes SSDT operation after it receives primary cell ID from the UE. 
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(a) UE enters the soft handover region with SSDT active during gating is activated.
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(b) Condition for activating gating is fulfilled when UE is in soft handover region with SSDT active.
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(c) Gating termination condition is fulfilled when UE is still in soft handover region with SSDT active.

Figure 3. Illustration of proposed operation for use of gating when SSDT is activated.

Summary of the proposed operation is shown in Table 1.

Situation
Operation of UE and UTRAN

UE enters the soft handover region with SSDT active during gating is activated. 
· SSDT is initiated. But, SSDT operation is suspended.

· Perform normal soft handover operation

Condition for initiating gating is fulfilled when UE is in soft handover region with SSDT active.
· Gating is initiated.

· Suspend SSDT operation.

· Perform normal soft handover operation.

Gating termination condition is fulfilled when UE is still in soft handover region with SSDT active.
· Gating is terminated.

· Resume SSDT operation.

Table 1.  Proposed operation for the use of gating when SSDT is activated

Conclusion

This contribution proposes the operations of UE and UTRAN to activate gating when there is no DPDCH transmission, even if UE is in the soft handover region that SSDT is activated. The advantage of this proposal is that UE battery life and inteference reduction can be further improved through more utilization of gating. Moreover, the proposed method does not require any additional explict signalling, since there is already signaling for SSDT as well as signaling for gating. The proposed operation only requires slight modification of SSDT operation.

Finally, it is noted that our proposal does not mean the restriction of SSDT. The reason is as follows:

· SSDT aims to reduce DL interference by transmitting DL DPDCH only from the primary cell.

· Hence, there is little impact on overall gain of SSDT, since SSDT operation is suspended only if there is no DPDCH transmission. 
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----------------------------------------------- Start of text proposal for TR 25.840 --------------------------------------------

6.1.8.4
SSDT



SSDT aims to reduce downlink interference by transmitting DPDCH only from primary cell selected by UE among the active cells. However, it seems that SSDT operation may not provide any significant gain when there is no DL DPDCH data to transmit. Considering this, UE battery life and interference reduction can be further improved by modifying the operation of SSDT so that gating can be used when there is no DPDCH transmission, even if UE is in the soft handover region that SSDT is activated. The operations of UE and UTRAN are as follows:
Case 1) UE enters the soft handover region with SSDT active during gating is activated.

This situation is shown in Figure F1-(a). UTRAN does not terminate gating. UTRAN sends the UE higher layer signaling message which contains parameters for SSDT operation by using embedded data period. However, since gating is not terminated, the UE and the cells in the active set temporarily suspend SSDT operation and perform normal soft handover operation. This means that the UE does not send primary cell ID and each cell in the active set acts as if it is the primary cell in SSDT operation. The received parameters for SSDT operation are used to resume SSDT operation if gating is terminated during the UE is still in the soft handover region. 

Case 2) Condition for initiating gating is fulfilled when UE is in soft handover region with SSDT active.

This situation is shown in Figure F1-(b). UTRAN sends the UE higher layer signaling message which indicates the initiation of gating. Then, both the UE and the cells in the active set temporarily suspend SSDT operation and perform normal soft handover operation. This means that the UE does not send primary cell ID and each cell in the active set acts as if it is the primary cell in SSDT operation. 

Case 3) Gating termination condition is fulfilled when UE is still in soft handover region with SSDT active. 

This situation is shown in Figure F1-(c). UTRAN sends the UE higher layer signaling message which indicates termination of gating. Then, UE resumes SSDT operation by using SSDT parameters. Each cell in the active set resumes SSDT operation after it receives primary cell ID from the UE. 
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(a) UE enters the soft handover region with SSDT active during gating is activated.
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(b) Condition for activating gating is fulfilled when UE is in soft handover region with SSDT active.
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(c) Gating termination condition is fulfilled when UE is still in soft handover region with SSDT active.

Figure F1. Operations of UE and UTRAN for use of gating when SSDT is activated.

The operations of UE and UTRAN are summarized in Table T1.

Situation
Operation of UE and UTRAN

UE enters the soft handover region with SSDT active during gating is activated. 
· SSDT is initiated. But, SSDT operation is suspended.

· Perform normal soft handover operation

Condition for initiating gating is fulfilled when UE is in soft handover region with SSDT active.
· Gating is initiated.

· Suspend SSDT operation.

· Perform normal soft handover operation.

Gating termination condition is fulfilled when UE is still in soft handover region with SSDT active.
· Gating is terminated.

· Resume SSDT operation.

Table T1. Operations of UE and UTRAN for use of gating when SSDT is activated
----------------------------------------------- End of text proposal for TR 25.840 --------------------------------------------
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