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1
Introduction

In this document, the use of the HS-SCCH orders for activation and deactivation of cells in Multiflow HSDPA is discussed. The motivation for deactivating cells is suggested and proposals for the associated HS-DPCCH slot format are made.

2

HS-DPCCH Formats for Multiflow HSDPA
In the previous RAN1 meeting, the use of HS-SCCH orders for activation/deactivation of cells in Multiflow was discussed. It was decided that orders would not be used for deactivating cells in the Inter-NodeB Multiflow scenario. Furthermore, an e-mail discussion was initiated to discuss and agree on the scenarios where orders could be applied and the final choice was to be made from the following options:

· Allow (de-)activation by HS-SCCH order only for cells within the same RLS

· Allow (de-)activation by HS-SCCH order only for secondary carriers and cells within the same RLS as the primary assisted cell. 

· Do not allow (de-)activation by HS-SCCH order
However, during the e-mail discussion, it emerged that the use of orders for activation/deactivation is closely tied to the HS-DPCCH format that is applied following the deactivation or activation. In this document we address the different scenarios where activation/deactivation might prove to be beneficial and also propose the corresponding HS-DPCCH formats that should be applied in the different scenarios.

3
Distinction between Intra and Inter-NodeB Multiflow
The participating NodeBs in the case of Inter-NodeB multiflow is unaware of each other’s actions. Since the whole purpose of the use of L1 signalling is to enable swift activation/deactivation, there would be no benefit in involving the RNC so as to communicate between the NodeBs. However, in the case of Intra-NodeB multiflow, since the participating cells are co-located in the same NodeB, it would be possible for all the cells to be aware of the activation states of the different carriers. 

This distinction becomes important when considering the activation/deactivation of assisting serving HS-DSCH cells. While this option is not feasible for Inter-NodeB multiflow, it is possible to allow for such cases for Intra-NodeB multiflow. For example: In the case of Intra-NodeB DF-4C, it is possible to deactivate all the secondary serving HS-DSCH cells except the assisted serving cell. 

However, it is not clear as to the benefit of allowing for deactivation of the assisting serving cells in the Intra-NodeB multiflow configurations. One of the primary motivations for deactivation of cells is to improve the UE headroom and consequently improve the decoding performance of overhead channels. In the case of Intra-NodeB multiflow, the participating cells are in the active set and therefore the UE is in softer handover with the cells. Due to softer combining of the uplink, it is considered that the uplink is no longer a concern. Note also that the network could simply choose to not schedule the UE one of the cells if loading or in the case of absence of data.
Due to the above reasons, it is not clear whether there are clear benefits in allowing for activation/deactivation of the assisting serving cells also in the Intra-NodeB multiflow configurations. Indeed, the distinction between the Intra and Inter NodeB multiflow scenarios would only lead to a more complicated system design involving additional scenarios for implementation and testing. Therefore, it is considered that any activation/deactivation of cells is agnostic to whether the multiflow configuration is Intra or Inter NodeB. 

Proposal 1: Permitted activation/deactivation scenarios in multiflow operation are independent of whether the configuration is Intra-NodeB or Inter-NodeB.

4
DF-3C Multiflow Configuration
As discussed above, it is assumed in the following that HS-SCCH orders would not be used for activation/deactivation of assisted or assisting serving HS-DSCH cells. This implies that in a DC-3C configuration the assisting NodeB would not deactivate all the cells associated with it. However, the NodeB with two carriers associated with it could potentially deactivate the assisted or assisting secondary serving HS-DSCH cell without impacting the other NodeB. We discuss in the following whether such deactivations should be allowed and the consequences to the HS-DPCCH transmissions. An illustration of DF-3C and the associated deactivation scenario being considered is shown in Figure 1. 
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Figure 1: Deactivation in DF-3C
In Figure 1, an example of deactivation in DF-3C is shown where the assisting cell has two carriers associated with it. The symmetrical case would also exist if the assisted cell had the two carriers.

The case where MIMO is not configured on any of the carriers is treated separately from the case where MIMO is configured on at least one carrier due to the differences in the HS-DPCCH format.
4.1
DF-3C when MIMO is not configured on any of the carriers

The HS-DPCCH format for the 3C non-MIMO Multiflow scenario is illustrated in Figure 2. 
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Figure 2: HS-DPCCH format for 3C non-MIMO

The spreading factor used is SF256 with HS-DPCCH slot format #0. In order for the NodeBs to be able to decode the HS-DPCCH, all the participating cells should be aware that there are MIMO cells configured. This information is critical to the reception of the HS-DPCCH channel at both NodeBs. 
Proposal 2: The RNC informs all the cells in Multiflow about the MIMO configurations in each of the cells.

If we consider the possibility of deactivation of cell C3 associated with the assisting NodeB, then the modification to the HS-DPCCH format is shown in Figure 3. 
[image: image3.emf]ACK/NACK

C1, C2, DTX

CQI

C1

ACK/NACK

C1, C2, DTX

CQI

C2


Figure 3: HS-DPCCH format for 3C non-MIMO when C3 has been deactivated

Note that the HARQ-ACK codebook remains the same but the CQI codebook is modified based on the deactivation. The change to the HS-DPCCH format is transparent to the assisted NodeB since the decoding of the HARQ-ACK or the CQI would not be affected. Similarly, if the deactivated carrier were to be re-activated, the HS-SCCH format as seen by the assisted cell is not affected.

Since the multiflow operation in both Intra and Inter-NodeB DF-3C without MIMO is not affected, it is considered that deactivation of the secondary carrier in the assisting NodeB should be allowed in this case. It important to note that the CQIs for the carriers associated with the assisting NodeB would have to be combined in the same TTI.

Observation: HS-SCCH order based activation/de-activation is feasible for DF-3C with MIMO not configured on any of the carriers.

4.2
DF-3C when MIMO is configured on at least one carrier
The Rel-10 HS-DPCCH format for 3C with MIMO is shown in Figure 4.
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Figure 4: HS-DPCCH format for 3C MIMO

Due to the grouping of the CQI that has been agreed in RAN1, the CQI’s from each NodeB are grouped together. 

One of the open issues in Multiflow is to ascertain whether the CQI is to be repeated when there are three active carriers. In the case of Inter NodeB Multiflow, imbalances may exist on the uplink between the two participating NodeBs. Therefore, it is challenging to ensure the reliability of the HS-DPCCH channel at both the NodeBs whenever uplink imbalance occurs, since both the NodeBs power control the uplink. One way to address this is to increase the HS-DPCCH power offset and the range of the power offsets that can be signalled has been extended accordingly in Rel-11. Another way is to take advantage of blank slots and repeat the CQI whenever possible so as to improve reliability. This is shown in Figure 5 for the case of DF-3C.
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Figure 5: HS-DPCCH format for 3C MIMO when CQI is repeated
In order to ensure reliability of CQI reception due to repetition, it is important to not lower the power offsets accordingly. Lowering the power offsets provides no benefits to the UE headroom since the A/N power offset remains unchanged and the headroom is computed over the entire TTI. 
Therefore, while Figure 5 represents a different HS-DPCCH format as compared the one used in Rel-10, it is considered beneficial to repeat the CQI as long as the power offsets remain unchanged. 

Proposal 3: For DF-3C with MIMO, the CQI for the assisting or assisted cell is repeated if there are no other cells configured in the same NodeB.
Activation/De-activation

The motivations behind deactivating or activating cells in multiflow operation are different from those in multicarrier operation. When we consider the deactivation of C3 as shown in Figure 1, we note that there would be no UE headroom benefits available as a result of the deactivation which was one of the primary reasons for allowing for deactivation of carriers in multicarrier operation. 

However, if the CQI for the remaining carrier were to be repeated after deactivation, then the reliability of the HS-DPCCH channel increases provided the power offsets do not change. This would then be the main benefit due to the deactivation of cells in multiflow. 
Note also that the deactivation/activation order would have to be transmitted only from the assisting NodeB in the example in Figure 1. There would be no reason for the assisted NodeB to signal the order.

The HS-DPCCH format assuming CQI repetition for the case when C3 is deactivated is given by Figure 6.
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Figure 6: HS-DPCCH format for DF-3C MIMO when C3 is de-activated and CQI is repeated.
The HS-DPCCH channel structure shown in Figure 6 is somewhat different form the one used in Rel-10 4C-HSDPA when there are 2 active carriers. In Rel-10, the A/N and CQI for the two remaining carriers were concatenated and transmitted together in one TTI. However, in the case of multiflow it is essential to keep the A/N and CQI for each NodeB separate which results in a slightly different HS-DPCH format. But, the change is the format is considered to be fairly straightforward and does not incur much complexity, but on the other hand improves reliability. 

Observation: For DF-3C with MIMO on at least one carrier, activation/deactivation is feasible and there are benefits in allowing for deactivation of the assisted or assisting secondary serving HS-DSCH cell provided the following is true:

· HS-SCCH orders for activation/deactivation are transmitted only from the NodeB that has 2 carriers enabled.
· The CQIs for the remaining cells after de-activation are repeated

· The power offsets of the CQI after repetition are unchanged

4.3
Four Cell Configurations: DF-4C
Similar to DF-3C, it can be assumed that assisted or assisting serving HS-DSCH cells cannot be deactivated. Activation/deactivation scenarios being considered are for the assisted or assisting secondary serving HS-DSCH cells. An illustration of DF-4C and the associated deactivation scenario being considered is shown in Figure 7. 
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Figure 7: Deactivation in DF-4C
For DF-4C, the two deactivation cases to be considered are when

· A single secondary serving cell (assisted or assisting) is deactivated – C4 in Figure 7

· Both secondary serving cells (assisted and assisting) are deactivated. – C2 and C4 in Figure 7

The motivation for deactivation would be to improve the CQI reliability as in the previous case. The HS-DPCCH format for DF-4C, when all four cells are active is given in Figure 8.
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Figure 8: HS-DPCCH format for DF-4C with 4 active cells
Consider the case when one secondary serving HS-DSCH cell is deactivated. In the example shown in Figure 7, C4 is deactivated. If similar rules as those applied in DF-3C are followed when cells are deactivated in DF-4C, the HS-DPCCH format in this case is given in Figure 9.
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Figure 9: HS-DPCCH format for DF-4C when C4 is de-activated and CQI is repeated.
Note that the HS-DPCCH format in Figure 9 is identical to the case where DF-3C is configured and 3 cells are active. This ensures consistency of the HS-DPCCH format and its correspondence with the number of active cells.

For the case where both the secondary serving HS-DSCH cells are deactivated, the HS-DPCCH format applying the same principles is given in Figure 10.
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Figure 10: HS-DPCCH format for DF-4C when C2 and C4 are de-activated and CQI is repeated.
Similar to the previous case, the HS-DPCCH format shown in Figure 10 is identical to DF-3C with only two active cells. Therefore, this scenario can also be deemed to be consistent with the number of active cells.
Based on Figures 8-10, it is observed that for DF-4C, the activation/deactivation is feasible for the assisted or assisting secondary serving HS-DSCH cells provided the following is true:

· HS-SCCH orders for activation/deactivation are transmitted only from the NodeB that has 2 carriers enabled.

· The CQIs for the remaining cells after de-activation are repeated

· The power offsets of the CQI after repetition are unchanged
5
Summary
The HS-DPCCH format for each of the scenarios is summarized in Table 1.

Table 1: Summary of Multiflow activation/deactivation scenarios and the associated HS-DPCCH formats

	Scenario
	No: of Active Cells
	Active Cells
	HS-DPCH format

	DF-3C   non-MIMO
	3
	C1, C2, C3
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	2
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	DF-3C MIMO
	3
	C1, C2, C3
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	2
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	DF-4C
	4
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	3
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Based on the observations made in the previous section, the following is proposed.

Proposal 4: Activation/deactivation would be allowed only for the secondary serving HS-DSCH cells (assisting or assisted) within the same RLS as the assisted and assisting serving HS-DSCH cells.

Proposal 5: Orders targeting a particular secondary serving HS-DSCH cell can be sent only from cells in the same cell group (or from the NodeB containing the target cell)
Proposal 6: The CQI reports for the remaining cells after de-activation are repeated

Proposal 7: The power offsets of the CQI after deactivation/activation are remain unchanged

Proposal 8: The HS-DPCCH formats applied after de-activation/activation of cells in the permitted scenarios is according to Table 1.
6
Conclusions
In this document, the use of HS-SCCH orders for activation/deactivation and the associated HS-DPCCH format for multiflow operation was discussed. The following proposals are made:
Proposal 1: Permitted activation/deactivation scenarios in multiflow operation are independent of whether the configuration is Intra-NodeB or Inter-NodeB.

Proposal 2: The RNC informs all the cells in Multiflow about the MIMO configurations in each of the cells.
Proposal 3: For DF-3C with MIMO, the CQI for the assisting or assisted cell is repeated if there are no other cells configured in the same NodeB.

Proposal 4: Activation/deactivation would be allowed only for the secondary serving HS-DSCH cells (assisting or assisted) within the same RLS as the assisted and assisting serving HS-DSCH cells.

Proposal 5: Orders targeting a particular secondary serving HS-DSCH cell can be sent only from cells in the same cell group (or from the NodeB containing the target cell)
Proposal 6: The CQI reports for the remaining cells after de-activation are repeated

Proposal 7: The power offsets of the CQI after deactivation/activation are remain unchanged

Proposal 8: The HS-DPCCH formats applied after de-activation/activation of cells in the permitted scenarios is according to Table 1.
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