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1
Introduction

One of the main design aspects of the Multiflow HSPA work item is the design of the feedback channel. Due to the asynchronous nature of HSPA, HS-DPCCH timelines at the UE and NodeB may have to be adjusted. In this contribution, we discuss the HS-DPCCH timing and provide the maximum HS-DPCCH timing reduction possible at the UE.

2
HS-DPCCH Timing in MP-HSDPA
When multiflow transmissions are configured at the UE, there is a need to re-define the HS-DPCCH timing due to the asynchronous nature of HSPA. Additionally, since clocks at different cells could have different sources, the downlink timing from independent cells would drift. Therefore, a mechanism to update the HS-DPCCH timing as and when drifts occur would also have to be defined.
In [1], the HS-DPCCH timing reduction was shown at the UE, at the NodeB and as a combination of the two. A scheme to update the timing was also suggested. For reference, the scheme where the HS-DPCCH timing compression is shared between the UE and the NodeB is shown in Figure 1.
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Figure 1: Pairing subframe 0 of serving cell with sub-frame 0 of secondary serving cell, delaying HS-DPCCH timeline at the UE by 1 slot. ACK Timeline burden shared by both UE and Node-B (see red text).
In Figure 3, the HS-DPCCH timing reduction at the UE is 0.5 slots while the corresponding timing reduction at the NodeB is 1 slot. It is possible to design for different timing reductions based on the implementation complexities at the UE and the NodeB.

2.1
Maximum HS-DPCCH timing reduction at the UE

Since CQI transmissions are associated with ACK/NACK transmissions, we concentrate on ACK/NACK timelines here. In order to minimize the stress on implementations, a sub-frame pairing rule that ensures that sub-frames that are paired have the maximum overlap. 

In Intra-NodeB multiflow configurations, the timing of the downlink HS-PDSCH can be offset by the Tcell at the transmitter. However, the transmission timing in not expected to significantly drift apart. Differences in propagation between two cells in the same NodeB are also not expected to be substantially different. Therefore, since the range of Tcell is between 0.1 to 0.9 slots, the maximum sub-frame offset experienced at the UE from any two partipating cells is 1 slot. 

In the case of Inter-NodeB multiflow configurations, the sub-frame offset can be 1.5 slots due to a combination of drifts and propagation delays encountered. If the sub-frames from different cells are paired to achieve maximum sub-frame overlap, then the maximum sub-frame offset is required to be maintained to be around 1.5 slots. Signaling should allow for semi-static update for the pairing needs to be updated so that the drift does not exceed beyond 1.5slots.

Based on internal analysis, we consider that there are some HS-DPCCH timing reductions that are possible at the UE. The maximum reductions depend on whether MIMO is allowed to be configured as part of multiflow operation or not.

Table 1 shows the additional ACK timeline reduction required at the NodeB for Intra-NodeB multiflow configurations. Note that the worst case sub-frame offset is 1 slot. 
Table 1: Required ACK timeline reduction at the NodeB for Intra-NodeB multiflow configurations; Maximum sub-frame offset = 1 slot
	Multiflow Configuration
	Required ACK timeline reduction at the NodeB;

MIMO not configured
	Required ACK timeline reduction at the NodeB;

MIMO configured
	Comments

	SF-DC
	0 slots
	
	Not currently feasible for MIMO configuration

	DF-DC
	0 slots
	0 slots
	If configured, MIMO assumed on both cells

	DF-4C
	0 slots
	
	Not currently feasible for MIMO configuration

	TF-3C
	0 slots
	0 slots
	If configured, MIMO assumed on only one cell

	TF-4C
	0 slots
	0 slots
	If configured, MIMO assumed on only one cell

	QF-4C
	0 slots
	0.4 slots
	If configured, MIMO assumed on only one cell


Table 2 shows the additional ACK timeline reduction required at the NodeB for Inter-NodeB multiflow configurations. Note that the worst case sub-frame offset is 1.5 slots. 

Table 2: Required ACK timeline reduction at the NodeB for Inter-NodeB multiflow configurations; Maximum sub-frame offset = 1.5 slots

	Multiflow Configuration
	Required ACK timeline reduction at the NodeB;

MIMO not configured
	Required ACK timeline reduction at the NodeB;

MIMO configured
	Comments

	SF-DC
	0 slots
	
	Not currently feasible for MIMO configuration

	DF-DC
	0 slots
	0 slots
	If configured, MIMO assumed on both cells

	DF-4C
	0 slots
	
	Not currently feasible for MIMO configuration

	TF-3C
	0 slots
	0 slots
	If configured, MIMO assumed on only one cell

	TF-4C
	0 slots
	0.5 slots
	If configured, MIMO assumed on only one cell

	QF-4C
	0 slots
	0.8 slots
	If configured, MIMO assumed on only one cell


In Tables1 and 2, a non-zero value in the table implies that the maximum timeline reduction has been applied at the UE and the remaining portion of the maximum sub-frame offset needs to be part of the NodeB’s timeline reduction. A zero in the table implies that UE is able to absorb the entire impact of the squeezed timeline and no further reduction at the NodeB is necessary.

The following assumptions have been made to estimate the values in Tables 1 and 2.
· Each data stream is capable of supporting the maximum data rate with a 64QAM configuration

· MIMO Configuration

· In the case of SF-DC and DF-4C configurations, due to additional processing required, it is currently not feasible to consider MIMO operation. 

· MIMO is only assumed for cases where there is only one cell configured for a carrier

· For DF-DC, it is assumed that each cell is configured with dual –stream MIMO. This is feasible due to additional degree of freedom afforded by the included of the secondary frequency. We assume that the Rel-9 DC-MIMO solution is re-used in this case.
· For TF-3C, TF-4C and QF-4C, it is assumed that only one of the cells if configured with MIMO. If more cells are configured with MIMO, the NodeB would have to assume a larger portion of the maximum sub-frame offset as part of the HS-DPCCH timing reduction 

· HS-DPCCH timeline assumption

· The HS-DPCCH transmission timing corresponds to the earliest cell in the multiflow configuration.

· For SF-DC and DF-DC, one of the two HS-PDSCHs have the maximum possible sub-frame offset.

· For DF-DC, if MIMO is configured, 2 HS-PDSCHs can have the maximum possible sub-frame offset. 

· For DF-4C, since there are potentially 4 cells, 3 HS-PDSCHs can have the maximum possible sub-frame offset. Note that MIMO is not configured on any cell.

· For TF-3C, if MIMO is configured on one of the cells, 3 HS-PDSCHs can have the maximum possible sub-frame offset.

· TF-4C and QF-4C, if MIMO is configured on one of the cells, 4 HS-PDSCHs can have the maximum possible sub-frame offset.
It should be noted that the values provided in the table are not expected to change even if there is a reduction in the maximum transport block that can be scheduled.

2.2
Dynamic Cell Pairing
A signalling solution to handle the pairing of sub-frames from different cells and manage the ACK/NACK timeline was proposed in [1]. The signalling can be summarized as follows:

· The RNC informs the UE about the sub-frame pairing and corresponding HS-DPCCH timing through an RRC message. The sub-frame pairing is determined such that the maximum sub-frame offset from any of the cells does not exceed 1.5 slots.

· The RNC also informs the serving and secondary serving cells of the sub-frame pairing and the HS-DPCCH timing through NBAP signalling

· If the maximum sub-frame offset exceeds 1.5 slots, an event is triggered and reported. The UE reports the current pairing of sub-frames from different cells along with the corresponding sub-frame offsets.
· Based on the sub-frame pairing and the offset, the RNC inform the UE through RRC signalling about the updated pairing of sub-frames from different cells and the corresponding HS-DPCCH timing.

· RNC updates the serving and secondary serving cells involved in the multiflow transmissions about the updated pairing of sub-frames from different cells and the corresponding HS-DPCCH timing through NBAP signalling.
It should be noted that the above signaling procedure is similar to the one that is currently being employed for UE  in order to manage the Rx-Tx time differences. 
An illustration of the operation of the sub-frame pairing and the HS-DPCCH timing update is shown in Figure 2. 
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Figure 2: Sub-frame pairing transition; Maximum sub-frame offset = 1.5 slots.
In Figure 2, the initial sub-frame offset is 1.375 slots. Once the sub-frame offset exceeds 1.5 slots (1.625 slots in this case – corresponding to sub-frame 2), an event is reported with the appropriate measurements. In the meantime, the timing continues to drift and reaches 1.875 slots – corresponds to sub-frame 4.Once the sub-frame pairing and the HS-DPCCH timing is updated the sub-frame offset is 1 slot – corresponds to sub-frame 5. 

It should be noted that the drift presented in Figure 2 is for illustrative purposes only and is aggressive in nature. It is unlikely that the drift would change so dramatically in such a short period of time. Indeed, the maximum slewng rate at the UE is ¼ chip per 200ms [2]. 
2.3
Alternate Schemes
Alternate schemes for managing the HS-DPCCH timing and sub-frame pairing have been suggested in [3, 4]. 

In [3], it is the HS-DPCCH timeline reduction is avoided by not scheduling one TTI every 6 TTIs. In this scheme, both the UE and the NodeB would be able to maintain the existing HS-DPCCH timelines. It has also been suggested that the UE be configured with more than 6 HARQ processes or alternatively reduce the size of the maximum transport that can be scheduled in one data stream. All these solutions have the undesirable effect of lowering the peak rate and may also affect transmissions of other packet sizes. While these solutions should also be considered as part of the HS-DPCCH feedback design, it is considered that solutions that do not affect the peak rate be evaluated first.

In [4], it is proposed that independent HS-DPCCH channels be assigned for the two cells. This scheme would also maintain existing HS-DPCCH timelines at the UE and the NodeB. However, a new physical layer channel would have to be introduced which added significant complexity to the UE implementations. Additionally, the transmission of a secondary HS-DPCCH channel would result in an increase in the cubic metric which implies that the MPR would also correspondingly increase. This would directly affect UE coverage on the uplink and is undesirable since the UEs that benefit most from multiflow schemes reside in soft handover regions at the cell-edge. Therefore, it is considered that the independent HS-DPCCH channels should not be regarded as a serious candidate in the design of the HS-DPCCH feedback channel.
3
Conclusions
In this contribution, we discussed the HS-DPCCH timing in Multiflow HSDPA. Given the asynchronous nature of HSPA, whenever multiflow HSDPA is configured at the UE, the HS-DPCCH timelines from the serving and secondary serving cells need to be compressed and also adjusted in a semi-static fashion. The maximum UE timing reduction is also presented.
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