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1 Introduction

When configuring a UE in multi-carrier operation, the information concerning to the secondary HS-DSCH cells needs to be signalled to the UE. The IE “Downlink secondary cell info FDD” configures the secondary HS-DSCH cell. There is one IE “Downlink secondary cell info FDD” for each downlink secondary serving HS-DSCH cell. If this IE is absent, then the UE is configured with a single downlink cell. 

If the RNC needs to change a parameter for a downlink secondary serving HS-DSCH cell, the network will set all the parameters included in the IE “Downlink secondary cell info FDD”. However, not all the reconfigurations change the MC-HSPA parameters. Hence, it is not necessary to signal them all every time there is a reconfiguration. 

The IE “Downlink secondary cell info FDD” contains a choice IE “Configuration Info” so the network can choose between “Continue” and “New Configuration”. If the network needs to change one or more of the parameters related to a downlink secondary serving HS-DSCH cell, the IE “Configuration info” is set to “New Configuration” and the network needs to signal all the relevant IEs. Otherwise, the network sets the IE “Configuration info” to “Continue” without including any other IEs. 

Whenever a RRC reconfiguration occurs and the UE is configured (or continues configured) in multicarrier operation, the network signals the IE “Downlink secondary cell info FDD” for each of the possible downlink secondary serving HS-DSCH cells. When multicarrier HSDPA is initially configured by the RNC, the downlink secondary serving HS-DSCH cell(s) is/are always activated. On the other hand, when DC-HSUPA is initially configured, the secondary uplink frequency is deactivated. Later on, the activation status for the downlink secondary serving HS-DSCH cell(s) and secondary uplink frequency can be changed by means of HS-SCCH orders.

Once the UE has been configured in multicarrier operation and upon a RRC reconfiguration, the UE and the network should keep the same activation status for the downlink secondary serving HS-DSCH cell or activate/deactivate the downlink secondary serving HS-DSCH cell.

Currently, RAN2 has been discussing about the activation status when there is a RRC reconfiguration and the IE “Configuration info” is set to “Continue” or to “New Configuration” [1-3]. 

In the following sections, we discuss about the consequences of having different activation status for the downlink secondary serving HS-DSCH cell in the UE and network, the effect of RRC L3 reconfigurations messages in the activation status, and a way forward. 
2 Discussion

2.1 Need of a common view on the activation status 

HS-SCCH orders enable the serving Node-B to dynamically change the physical layer status of downlink secondary serving HS-DSCH cell(s) and secondary uplink frequency for the MC-HSDPA and DC-HSUPA operation. The basic idea behind HS-SCCH orders for MC-HSPA operation is that they should allow the serving Node-B to, dynamically and based on knowledge not readily available to the RNC, change the status of the downlink secondary serving HS-DSCH cell(s) without involving RNC. Thus, while the RNC determines carriers that are configured for a certain UE the serving Node-B will control which of the secondary HS-DSCH cell(s) which are active (from a physical layer perspective).

Independently of the activation status of the secondary HS-DSCH cell, it is critical that both the UE and the Node-B share the same understanding on the activation status of the downlink secondary serving HS-DSCH cell i.e. whether the downlink secondary serving HS-DSCH cell(s) is/are activated or deactivated. The reason why it is critical is due to the fact that the HS-DPCCH format (e.g., CQI and HARQ encoding) depends on the number of downlink secondary serving HS-DSCH cells which are activated. More concretely: 

· For DC-HSDPA and Dual-Band DC-HSDPA, the channel quality information (CQI) of the serving and the downlink secondary serving HS-DSCH cell are encoded jointly (see sub-clause 4.6 [4]) if both carriers are activated. However, if the downlink secondary serving HS-DSCH cell is deactivated the UE reverts back to Rel-5 encoding of the CQI information. 
If the UE and Node-B have a different activation status of the downlink secondary serving HS-DSCH cell, the CQI information associated with serving HS-DSCH cell (which is the only carrier that the serving Node-B use to schedule data on) will be erroneous, which will reduce downlink performance significantly.
· For 4C-HSDPA, if the serving Node-B has deactivated 2 or 3 of the downlink secondary serving HS-DSCH cells, the UE repeats the HARQ-ACK information (see subclause 4.6 in [4]). On the contrary, if 2 or 3 secondary HS-DSCH cells are activated but the serving Node-B only schedule data on, e.g., the serving HS-DSCH cell then the UE transmits a DTX codeword if no data is received for a group of downlink carriers that are encoded jointly. Consequently, if the Node-B behaves as if there is one downlink secondary serving HS-DSCH cell is active (and thus expects that the HARQ-ACK and CQI information is repeated) but the UE assumes that all downlink carriers are active the Node-B will add two different HARQ-ACK code words (and possibly also CQI if all downlink secondary serving HS-DSCH cells were deactivated) before decoding the information. Obviously this will result in that reduced decoding performance for the HARQ-ACK information which will significantly impact the downlink performance. 

From the discussion above, it is evident that there is a significant impact on the performance if the UE and Node-B have conflicting views of the number of activated downlink secondary serving HS-DSCH cells. Hence, it is important to ensure that the UE and Node-B have the same view with respect to the number of downlink secondary serving HS-DSCH cells that are active

2.2 RRC reconfiguration and activation status
Current RRC specifications do not explicitly state the UE behaviour when the IE “Configuration Info” is set to “Continue” or “New Configuration”. It is, however, a standardization principle that, unless otherwise specified, the UE shall not change its current behaviour. Hence, the expected UE behaviour upon a reconfiguration in which the downlink secondary serving HS-DSCH cell is not change and the “Configuration Info” is set either to “Continue” or “New Configuration” is that the UE keeps the same activation status. 

Regardless of this fact, upon a reconfiguration in which the downlink secondary serving HS-DSCH cell is not changed, the possible actions may be:
· Reset the status of all the downlink secondary serving HS-DSCH cells to ‘active’, or
· Remember the activation status of the downlink secondary serving HS-DSCH cells
2.2.1 “Configuration Info” set to “Continue”
As mentioned before, it is crucial that the serving Node-B and the UE share the same view of the activation status of the downlink secondary serving HS-DSCH cell(s). This implies that when there is a reconfiguration message transmitted to the UE, the serving Node-B is also informed about it. However, there are situations in which the serving Node-B is not aware that a reconfiguration has taken place. 
A typical example is when an additional radio link is configured for a UE already in SHO. Typically, in this scenario, the “Configuration Info” is set to “Continue”. In this case an “Active Set Update” message is transmitted from the UTRAN to the UE over RRC. As the content of this message does not affect the serving Node-B it can be unaware of that the UE has been reconfigured.

Since the serving Node-B is not informed, the serving Node-B will not change the activation status of the downlink secondary serving HS-DSCH cell(s). Therefore, the only possible solution is that the UE remembers the activation status of the downlink secondary serving HS-DSCH cell. If the UE does not remember the activation status, the HARQ-ACK and the CQI/PCI information cannot be correctly interpreted by the serving Node-B if the UE is configured in DC-HSDPA, DB-DC-HSDPA or 4C-HSDPA
2.2.2 “Configuration Info” set to “New Configuration”
When the RNC decides to change the configuration i.e. “Configuration Info” is set to “New Configuration”, the serving Node-B is always informed. Hence, in principle, the activation status of the downlink secondary serving HS-DSCH cell(s) could be activated or deactivated.
There are several reasons why keeping the same activation status is preferable:

1) Cross layer architecture 

The activation status of the downlink secondary serving HS-DSCH cell(s) is a L1 variable which is not propagated to higher layers. It is an architectural principle that L1-only variables should not be overwritten unless really required. One reason is that the Node-B can dynamically control its own resources without the RNC interaction. Hence, the RNC does not know the Node-B resource situation in each moment and its actions should not overrule the local decisions taken by the Node-B. 
2) Preconfiguration of information for enhanced serving cell change. 

The IE “Target cell preconfiguration information” is used for pre-loading a UE so that an enhanced serving cell change can be executed by means of transmitting an HS-SCCH order from the non-serving cell. This IE contains the IE “Downlink secondary cell info FDD”.  A UE may received a reconfiguration with these IEs without the serving Node-B knowing that the reconfiguration message included the IE “Downlink secondary cell info FDD” within the IE “Target cell preconfiguration information”.  Typically, the IE “Downlink secondary cell info FDD” will set the “Configuration Info” to “New Configuration”. If the UE reinitialize the activation status, the downlink secondary serving HS-DSCH cell(s) will be activated by the UE, even though the IE “Downlink secondary cell info FDD” related to the downlink secondary serving HS-DSCH cell from the source cell is not modified. 
This is just an example and a thorough revision of the specifications may be needed to check all the possible situations in which the information in the IE “Downlink secondary cell info FDD” without affecting the serving HS-DSCH cell.

3) UE performance

Reconfigurations due to UEs moving towards the cell edge may experience large error rates and smaller coverage if the downlink secondary serving HS-DSCH cell(s) is/are activated. 

A typical example may be a UE moving to the cell edge from the center of the cell. A typical reconfiguration may first deactivate the downlink secondary serving HS-DSCH cell to gain UL coverage. Next, the RNC may change the DL modulation from 64QAM to 16QAM. It may also deactivate MIMO, and deactivate the downlink secondary serving HS-DSCH cell(s) if they were still active as it will require the Node-B to transmit the downlink with higher power. If the downlink/uplink experiences bad radio conditions is not desirable to activate the downlink secondary serving HS-DSCH cell(s) after this type of reconfiguration. Similarly, this effect may become more relevant for 4C and 8C. 

4) Battery savings

While for dual cell HSDPA not activating the downlink secondary serving HS-DSCH cell will result in battery savings, for 4C, 8C the battery savings will be even larger. It may become more important for dual band multi cell HSDPA. A typical example is that all the downlink secondary serving HS-DSCH cells in one band are deactivated (the radio for that band is also deactivated). All the downlink secondary serving HS-DSCH cells of that band will be activated when a RRC reconfiguration is received. This will impact considerably the UE battery life. 
All these reasons show that the most reasonable approach is to keep the same activation status for the downlink secondary serving HS-DSCH cell(s). 
2.3 Proposed way forward

From the discussion presented above it is clear that:

· There exists situations where the serving Node-B may be unaware of that a UE has been reconfigured, and

· There can be significant performance degradation if the UE and Node-B have conflicting views regarding the number of downlink secondary serving HS-DSCH cells that are activated. 

From [1] and [2], it can be concluded that that different companies have different understanding on whether the UE and network should assume that the downlink secondary serving HS-DSCH cell becomes activated upon RRC reconfigurations (in which the serving cell is not changed) or whether the activation status should be remembered. Proposals for Release 8 such as the ones presented in [3] are not acceptable for the reasons explained in Section 2.1 and Section 2.2.1. In practice, the solution presented in [3] would result in that HS-SCCH orders cannot be used for DC-HSDPA for Rel-8 UEs. Thus, a solution for Release 8 needs to be accompanied by the NBAP/RNSAP signalling so the network can signal whether the HS-SCCH order can be used for a specific Release or specific UE. This could be achieved by using the IE “UE Support Indicator Extension”. 

In order to solve Release 8, we think that RAN3 needs to specify the corresponding signalling. Once the signalling is place, RAN2 can re-assess to introduce a similar solution as presented in [3]. 

Proposal 1 Send a LS to RAN3 with the purpose to ask RAN3 to specify the NBAP/RNSAP signaling to indicate the support of HS-SCCH orders for activation/deactivation of downlink secondary serving HS-DSCH cells for a specific release or UE. This should be done as early as for Release 8.
Continuing in Release 9 and onwards, the two issues rose above need to be tackled.  For that purpose, we have the following alternatives:

OPTION 1: UE always remember the activation status for RRC reconfigurations which the serving Node-B not changed.
OPTION 2: Reset the status of all the downlink secondary serving HS-DSCH cells to ‘active’.
OPTION 3: Require that the UE remembers the activation status of the secondary HS-SCCH only if the UE is configured with carriers in multiple bands.

Adopting option 3 would in principle result in that HS-SCCH orders cannot be used for DC-HSDPA or 4C-HSDPA unless the carriers are spread across 2 different bands. Since the spreading factor has been reduced from SF256 to SF128 for 4C-HSDPA, this will result in that the HARQ-ACK coverage (which typically is limiting the HS-DPCCH coverage) is reduced with 3 dB. Depending on the adopted HS-DPCCH solution agreed for 8C-HSDPA the coverage penalty with this approach could be even more severe. Hence, we do not view option 3 as a reasonable proposal. 
Option 1 and option 2 were discussed in Section 2.2.1 and 2.2.2. We concluded that activating the downlink secondary serving HS-DSCH cell(s) impact severely in different layers and these impacts may be important when the number of downlink secondary serving HS-DSCH cell(s) increases. For these reasons, we propose:

Proposal 2 The UE shall remember the activation status of the downlink secondary serving HS-DSCH cells if the reconfiguration does not result in a serving cell change for Rel-9 and forwards.

Proposal 3 This approach should be use for dual cell, 4C, 8C, and dual band dual cell. 

3 Conclusion

We kindly ask RAN2 to discuss and agree on the following proposals:

Proposal 1
Send a LS to RAN3 with the purpose to ask RAN3 to specify the NBAP/RNSAP signaling to indicate the support of HS-SCCH orders for activation/deactivation of downlink secondary serving HS-DSCH cells for a specific release or UE. This should be done as early as for Release 8.
Proposal 2
The UE shall remember the activation status of the downlink secondary serving HS-DSCH cells if the reconfiguration does not result in a serving cell change for Rel-9 and forwards.
Proposal 3
This approach should be use for dual cell, 4C, 8C, and dual band dual cell.
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