3GPP TSG-RAN WG3 #64




 

R3-091222
4th May – 8th May, 2009
San Francisco, USA
Agenda item:
18
Source: 
Qualcomm Europe

Title: 
Activation/De-Activation of Secondary UL Carrier in DC-HSUPA
Document for:
Discussion

1
Introduction
A work item on dual-cell HSUPA was recently introduced in [1]. A few agreements were made with regard to this work item in the last RAN WG1 meeting (#56-bis) as captured in [2]. In this document, we address the outstanding issues with regard to the activation and de-activation of secondary UL carrier in DC-HSUPA.
2
DC-HSUPA Agreements from RAN1#56-bis
In this section, we list the RAN1 agreements made with regard to Carrier Activation as captured in the DC-HSUPA Ad-Hoc meeting notes [2].
Carrier activation

RNC reconfiguration is always possible (RAN2 agreement), e.g. IFHO for serving cell change between the two carriers.

Whenever the secondary serving HS-DSCH cell is disabled/deactivated, the secondary serving E-DCH cell is disabled/deactivated as well.

Serving NodeB controlled (de)activation of the secondary carrier using HS-SCCH orders (e.g. another bit in the existing HS-SCCH order type introduced for Rel-8 DC-HSDPA) is supported for the case when active set size is 1. Support for other cases is FFS.
UE-controlled (de)activation in power- or buffer-limited cases is FFS whether it is needed. If agreed, then the UE behavior should be standardized.

Any UE requests for (de)activation are considered a RAN2 issue.

Any RNC recommendations or restrictions to NodeB regarding the use of HS-SCCH orders are considered RAN3 issues.
3
Serving NodeB controlled (de)activation of secondary serving E-DCH cell when UE is in soft handover
In the last RAN WG1 meeting, it was agreed to allow for Serving NodeB controlled (de) activation of the UE when the active set size is 1. Our understanding is that this agreement also applied to the case when active set size >1 as long as UE’s active set consisted of cells belonging to a single NodeB (to allow for softer handover case).

In the following, we raise a few questions and concerns with regard to allowing for Serving NodeB controlled (de)activation when the UE’s active set consists of cells belonging to multiple NodeBs.
3.1
Accidental Radio Link Deletion at the Non-Serving NodeB cell

When the UE de-activates the secondary carrier, via a succesful reception of an HS-SCCH order from the Serving NodeB cell, after some time the Non-Serving NodeB cells will transition to the out-of-sync state. The Radio Link Failure procedure shall then be triggered at these NodeBs after a period of time T_RLFAILURE has elapsed with a persisting out-of-sync indication. Without knowing that the secondary carrier got de-activated, there is ambiguity at the S-RNC on whether the radio link at the Non-Serving NodeB cell failed due to poor radio conditions or whether the secondary carrier was de-activated. Hence the S-RNC would accidentally delete the radio link.
3.2
Futile Search at the Non-Serving NodeB cell
If the S-RNC decides not to delete the radio link at the Non-Serving NodeB cell, then as long as the secondary uplink carrier remains de-activated, the Non-Serving NodeB cell unnecessarily wastes physical layer resources trying to search the UE. 
3.3
Independent Active Sets on each carrier: Increase in Search Requirement at the Non-Serving NodeB cell

If the UE’s active set on each of the carriers are independent, then it is possible that the non-serving NodeB cell transmits and receives only on the secondary carrier (Figure 1). In this case, when the secondary carrier gets de-activated by the Serving NodeB cell, due to a lack of a phase reference, the non-serving NodeB would need to search for the UE across a wider search window. This in turn results in an increase in searcher processing requirement at the non-serving NodeB as well as a delay in achieving physical layer synchronization when the secondary carrier is re-activated.
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Figure 1: Independent Active Sets per carrier: F1(A), F2(A,B)
3.4
Interference Impact at Non-Serving NodeB cell

In the absence of macro-diversity in WCDMA, due to lack of power control, the interference impact at the Non-Serving NodeB cells is well understood [10]. Furthermore, during the study item on enhanced uplink in Release 6, a system performance was performed in [4] to compare primary cell only scheduling against multiple cell scheduling for SHO UEs. Based on the system level simulation result, it was observed that multiple cell scheduling achieves 15% better cell throughput than serving cell only scheduling at the same RoT level.
Recently, in Release-8 during the EUL in CELL_FACH work item, numerous studies [5]-[9] were performed to study the interference impact of enhanced uplink in CELL_FACH users. These users do not avail of macro-diversity in CELL_FACH state and in the absence of power control and rate control can cause significant interference impact at a neighbor cell when they are in a soft handover region.
If the UE's secondary carrier is dynamically activated by the serving NodeB cell prior to the expiry of T_RLFAILURE, the non-serving NodeB cell is subject to inter-cell interference for a period of time. The interference is present for the time it takes the non-serving NodeB cell to cover a large search window, transition to the in-sync state and trigger the RL Restore procedure. This added interference impacts system capacity and coverage.
3.5
UE enters Soft Handover Region when secondary carrier is de-activated

Even if a UE was not in soft handover when the secondary carrier got de-activated, during the period the carrier was de-activated, the UE may enter a soft handover region. By the time the UTRAN were to add a new active set member, the serving NodeB may re-activate the secondary carrier and then in that case, until the non-serving NodeB cell is added to the UE’s active set, the UE may cause interference to this candidate Non-Serving NodeB cell.
4
Potential Solution

In this section we consider a potential solution to solving the problem of Serving NodeB controlled (de)activation of secondary serving E-DCH cell when the UE is in soft handover.

In particular, we realize there is a need for the following pieces of information to be exchanged on the Iub interface between all the NodeBs in the active set and the S-RNC as follows:

· Serving NodeB cell informs the S-RNC when the secondary carrier was activated or de-activated by the Serving NodeB cell
· As a means of limiting the impact of interference at the Non-Serving NodeB cells when the secondary carrier is re-activated, as proposed in [5],[6], the S-RNC could periodically transmit a maximum transmit block size (TBS) or maximum serving grant to the Serving NodeB cell for all users (we include non-SHO users based on the reasoning in Section 3.5). As proposed in [6], this maximum TBS can be adapted from time to time based on knowledge of the loading condition at the neighbor cells. Note that the serving NodeB cell need not apply this restriction if the UE is only connected to this NodeB (i.e. no other NodeB is in the UE’s active set).
· S-RNC informs the Non-Serving NodeB cells that the secondary carrier was activated or de-activated by the Serving NodeB cell. This information can allow the Non-Serving NodeB cells to start and stop the physical layer synchronization procedures (searcher functionality at the NodeB).
· Non-Serving NodeB cells inform the S-RNC when synchronization has been achieved (via Radio Link Restore procedure at NodeB) after the secondary carrier was activated.
· S-RNC sends a confirmation to the Serving NodeB cell that the Non-Serving NodeB cells have achieved synchronization and upon receiving this confirmation, the Serving NodeB cell can freely schedule the UE i.e. remove the upper limit on transport block size that was applied when the secondary carrier was activated. 
Such a solution can ensure that the UE begins to immediately transmit on the secondary carrier albeit at a restricted rate until the Non-Serving NodeB cells achieve physical layer synchronization of the secondary carrier.

In Figures 2 through 4, assuming the soft handover scenario as in Figure 1, we describe via high-level call flow diagrams illustrating the proposed solution.
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Figure 2: Pre-configuration of Maximum Serving Grant upon Secondary Carrier Re-Activation
4.1
Secondary Carrier De-Activation
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Figure 3: Secondary Carrier De-Activation: Information Exchange between UE, NodeBs, and RNC
4.2
Secondary Carrier Activation
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Figure 4: Secondary Carrier Activation: Information Exchange between UE, NodeBs, and RNC
5
Conclusions

In this contribution, we have addressed the problem of Serving NodeB controlled secondary carrier activation/de-activation when the DC-HSUPA configured UE is in soft handover with multiple NodeBs. The robust solution is based on inter-cell interference mitigation techniques that were discussed during the Rel-8 EUL in CELL_FACH work item. Specifically we propose to allow for relevant exchange of information between S-RNC and the NodeB cells indicating when the secondary carrier was activated/de-activated as well as limiting the serving grant or TBS to schedule UEs in soft handover with multiple NodeBs for the period between the activation of the secondary carrier and the time when all the Non-Serving NodeB cells have synchronized with the UE on the secondary carrier. A proposal for specification of the HS-SCCH orders is for activation/deactivation is also presented.
If these proposals are acceptable, we propose the above description and call flows as a working basis for handling over Iub/Iur the activation and de-activation of the secondary carrier in DC-HSUPA.
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