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1
Introduction
Multiflow HSDPA (MF-HSDPA) has been approved as a work item in RAN#53 [1]. The objective of this work item is to improve the cell edge performance and the network resource utilization under uneven loading. 

In this contribution, we investigate the co-existence of CPC with MF-HSDPA.
2
General consideration of UL DTX and DL DRX with MF-HSDPA
In RAN2, the following has been agreed regarding CPC in Multiflow operation [2]:
	Intra-site

· DTX/DRX could be configured in Intra-NodeB multiflow.

· For Intra-NodeB multiflow, the DRX status and the scope of orders is common to both serving HS-DSCH cells, and can be sent on any serving cells or secondary serving cells.

Inter-site

· DTX could be configured for inter-site operation



It is challenging to have DL DRX operation in Inter-NodeB Multiflow, in which a serving cell does not know the data activity on the other serving cell sitting in a different NodeB. It may happen that one NodeB thinks the UE is in DL DRX based on its own data activity but the UE is actively receiving data from the other cell in a different NodeB. 
From the NodeB point of view, due to the lack of communications between serving cells, it is natural that each HS-DSCH serving cell maintains its own DRX reception pattern based on the data activity and DRX parameters. From the UE point of view, there are two options:
· Option 1, Single DRX state: there is a single DRX state machine common across all the HS-DSCH serving cells as in the legacy networks. Referring to Figure 1, the UE enters DRX only if none of the serving cells has data in the past Inactivity_threshold_UE_DRX subframes. 
· Option 2, multiple independent DRX states: there are multiple DRX state machines, one for each HS-DSCH serving cell as shown in Figure 2. If one of the serving cells is on DRX, the UE can stop monitoring HS-SCCH from that cell and possibly turn off the decoding component in modem for that cell (if the serving cell is on the same frequency as other active serving cells, RF chain cannot be turned off). This brings extra energy saving with cost of additional complexity on UE implementation.
Comparing these two options, we believe Option 1 is a better choice for the following reasons: 
· Introducing multiple DRX states at the UE would change the DL DRX design for Inter-NodeB Multiflow. Given that there is only one DRX state for Intra-NodeB case (RAN2 agreement), there is no need to have a different design specifically for Inter-NodeB Multiflow.

· Introducing multiple DRX states at the UE would also add complexity to the specification. It has been agreed in Release 10 to use a common DRX state machine across all carriers for MC-HSDPA. It is reasonable to maintain a single DRX state to keep the specification simpler. Havign a single DRX state would also make the transition to DC and other multicarrier modes smoother.

· Having multiple DRX states at the UE would definitely increase the complexity for UE implementation. 
· The potential extra energy saving by having multiple DRX states at the UE is quite marginal compared to the additional UE complexity.

Proposal 1: DL DRX can be configured for Inter-NodeB Multiflow operation. 

Proposal 2: For Inter-NodeB Multiflow, it is proposed that the UE maintains a common DRX state across all the participating (assisted and assisting) HS-DSCH cells.
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Figure 1: Single DRX state
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Figure 2: Multiple DRX states
3
HS-SCCH orders to activate/deactivate DTX/DRX

In legacy system, the NodeB may activate and deactivate DTX/DRX through physical layer commands transmitted on one of the HS-SCCH in the HS-SCCH set. For Intra-NodeB Multiflow operation, all serving cells are residing in one NodeB. The mechanism of using HS-SCCH order to activate/deactivate DTX /DRX is similar to that in DC-HSDPA. No additional change is needed to enable this feature in Intra-NodeB Multiflow. However, in Inter-NodeB Multiflow, using HS-SCCH order to activate/deactivate DRX is challenging as described in [4]. The HS-SCCH order from one NodeB to activate DL DRX has to be aware by all the NodeBs configured for the Multiflow operation in a timely manner. Otherwise, other NodeBs may transmit data to a UE in DRX, resulting in data loss. Due to this reason, it is proposed to not allow HS-SCCH order in Inter-NodeB Multiflow operation.
Proposal 3: DTX/DRX activation/deactivation through HS-SCCH order is only allowed for Intra-NodeB MF, but not for Inter-NodeB MF.
4
CFN_DRX shifting
The DL DRX reception patterns and channel timings should be carefully designed to minimize the receiver on time and thus maximize the energy saving. In legacy system, the start of the HS-SCCH discontinuous reception radio frame CFN_DRX n is shifted by τDRX chips from the start of the associated downlink F-DPCH of CFN n, where -3840chips ≤ τDRX – T0 < 3840chips.

In Multiflow operations, the UE is monitoring multiple HS-SCCHs that are usually not aligned with each other. In Intra-NodeB Multiflow, the timing of the HS-SCCH can be offset by the Tcell at the transmitter in the range of 0.1 to 0.9 slots. In the case of Inter-NodeB Multiflow, the sub-frame offset can be 1.5 slots (see [2]) due to a combination of drifts and propagation delays encountered. The offset on HS-SCCH timing may lead to an offset on the start of HS-SCCH CFN_DRX, as shown in Figure 3. In this figure, CFN_DRX n on HS-SCCH 1 starts at subframe1 with a negative τDRX, while CFN_DRX n on HS-SCCH 2 starts at subframe2 with a positive τDRX. The offset of the start of CFN_DRX on the two HS-SCCH is closed to one subframe. As a consequence, the UE receiver needs to be on for almost two subframes, as shown in the bottom of Figure 3. Generally speaking, in legacy system, the UE receiver needs to be on for one subframe in a DRX cycle (ignoring the ramp-up and ramp-down times). In Multiflow operation (both Intra and Inter), with the offset on the start of CFN_DRX, the UE receiver needs to be on for up to two subframes. This could significantly reduce the energy consumption gain from DL DRX.   
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Figure 3: HS-SCCH reception pattern, 2ms E-DCH TTI
Clearly, there is a need to redefine the HS-SCCH reception pattern to minimize the UE receiver on time. One possible solution is to re-use the concept introduced for dynamic cell pairing in [5], in which the HS-DSCH serving cells are marked as earlier cell and later cell for the purpose of maximizing HS-SCCH subframe overlapping. For the earlier cell (cell 2 in Figure 4), the timing and the start of HS-SCCH CFN_DRX on the earlier cell remains the same as shown in Figure 4. For the later cell (cell 1 in Figure 4), the HS-SCCH CFN_DRX starts at the first HS-SCCH subfame after the start of the CFN_DRX on the earlier cell. The new timing on CFN_DRX guarantees that the overlapping between the two HS-SCCH reception patterns is maximized. As a result, the receiver needs to be on for 3-3.9 slots in Intra-NodeB Multiflow operation, depending on the value of Tcell. For Inter-NodeB Multiflow, the receiver needs to be on for 3-4.5 slots depending on the timing offset between the two cells.
It is worth noting that the CFN_DRX shifting on the later cell requires no extra signaling. It can re-use the RRC signaling for dynamic cell pairing as described in [6].   
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Figure 4: Modified HS-SCCH reception pattern, 2ms E-DCH TTI
Proposal 4: It is proposed to redefine the HS-SCCH CFN_DRX, for both Intra-NodeB and Inter-NodeB DL DRX during Multiflow operation. 

5 
Conclusions

In this contribution, we have shown the coexistence of CPC with Multiflow operation. It is considered that UL DTX and DL DRX should be allowed in Multiflow. Based on the discussions presented, it is considered that a single DRX state be used for both Intra and Inter-NodeB multiflow operations. Additionally, the HS-SCCH CFN_DRX should be redefined to maximize the overlapping between HS-SCCH reception patterns. The following proposals are made: 
Proposal 1: Agree to introduce DL DRX for Inter-NodeB Multiflow operation. 

Proposal 2: For Inter-NodeB Multiflow, it is proposed that the UE maintains a common DRX state machine across all the HS-DSCH serving cells.
Proposal 3: DTX/DRX activation/deactivation through HS-SCCH order is only allowed for Intra-NodeB MF, but not for Inter-NodeB MF.
Proposal 4: It is proposed to redefine the HS-SCCH CFN_DRX, for both Intra-NodeB and Inter-NodeB DL DRX during Multiflow operation.
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