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1
Introduction

In this document, the introduction of signaling to be introduced for non-MIMO UEs to indicate the need for 7HARQ processes is discussed. The management of multiflow timing when the timing drift between participating cells exceeds 1.5 slots is also discussed. Ways to prevent frequent changes of the time-reference cells due to small drifts are suggested. The sub-frame pairing rules and consequently the management of multiflow timing when 7 HARQ processes are configured are also discussed.
2
HS-DPCCH Timing Reduction 
In the previous RAN1 meeting, it was noted in [1] that some UE that are capable of multiflow operation would not be able to meet the required HS-DPCCH timeline reduction for multiflow operation in non-MIMO mode. The reasons were provided in detail in [1] and are summarized below:

· Introduction of advanced receivers require a larger processing time
· Non-MIMO UE’s may still be capable of TxAA for non-MIMO operation which would beed additional processing time. There’s already signalling introduced for the single stream MIMO scenario.

· Some MIMO UE’s would require an additional HARQ for operation in MIMO mode. These UE would not be able to meet the HS-DPCCH timing reduction in non-MIMO mode.

· Introduction of 3sector or more Multiflow configuration would anyway necessitate the additional of an extra HARQ process to handle the HS-DPCCH timing.

A study was conducted on the available timeline for HS-DPCCH timing reduction for such UE’s and the results are shown in Table 1. 

Table 1: Required ACK timeline reduction at the NodeB; MIMO not configured
	Multiflow Configuration
	Required HS-DPCCH timeline reduction at the NodeB;

(max delay = 1.5 slots)

	SF-DC
	0 slots

	DF-DC
	0 slots

	DF-3C
	0.3 slots

	DF-4C
	0.4 slots


Based on the analysis in Table 1, it is considered that the UE would be able to support the HS-DPCCH timeline reduction for SF-DC and DF-DC multiflow configurations. It is also noted that some UEs that are capable of multiflow operation require additional processing time for DF-3C and DF-4C multiflow configurations. It is important to note that not all UEs need an additional HARQ process. Therefore, it is considered that signalling should be introduced for non-MIMO UEs to indicate the need for 7 HARQ processes in multiflow operation and consequently the support of a larger soft buffer size.

The motivation is to enable such UE’s to also operate in multiflow mode and avail of any gains as a result. Of course, the network may still choose to not configure such UEs in multiflow mode. The introduction of the UE capability simply allows networks that support the additional HARQ process for MIMO mode anyway to also configure such UEs with an additional HARQ process thereby increasing the percentage of UE’s that are capable of multiflow operation.

Proposal 1: Introduce a new UE capability bit for DF-3C and DF-4C configurations to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer for non-MIMO multiflow operation

3
Multiflow Timing
In this section, we consider the Multiflow timing operation when the UE is configured with 6 HARQ processes – for example in SF-DC. Similar operation would also apply in other configurations as well.

Consider an SF-DC or DF-DC multiflow configuration with Cell1 and Cell2 participating in multiflow operation. The association of the HS-PDSCH with the HS-DPCCH in this case is shown in Figure 1 when cell 1is the time-reference cell. 
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Figure 1: Association of HS-PDSCH with HS-DPCCH for SF-DC or DF-DC Multiflow operation
When the non-time-reference cell begins to drift such that the timing between the two cells exceeds 1.5 slots, then a change in the time-reference cell is needed. The UE triggers an event to inform the RNC of the need for changing the time-reference cell and the change occurs upon acknowledgement from the RNC. 

However, if the time difference at which the event is triggers were to be exactly 1.5 slots, then slight changes in the timing may trigger events unnecessarily. The network would have to constantly re-assign the time-reference cell which impacts the UL timing. There is also an increase in signalling overhead. Therefore, a buffer for the event trigger is needed so that such ping-pong effects can be avoided. Consider the UE triggering such an event only if the time difference is 1.5+Δ1 slots. This is shown in Figure 2.
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Figure 2: Event triggering when the time difference between Cell1 and Cell2 is 1.5+Δ1 slots

Once the time-reference cell is changed to Cell2 after acknowledgement by the RNC, the timing between the two cells now becomes 1.5-Δ1 slots. This is shown in Figure 3.
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Figure 3: Multiflow Timing after change of time-reference cell
In order for the UE to trigger an event again, the drift would again have to reach a point such that the time difference between the cells is 1.5+Δ1 slots. Therefore, there is a hysteresis of 2Δ1 slots in place to avoid ping pong effects of the drift thereby reducing the number of events that are triggered. 
The exact value of Δ1 would depend on how much time reduction the UE would be able to handle. In 25.133 [2], Section 7.2.2, it is noted that that the timing difference is +/-148chips in order for demodulation of R99DPCH to occur. One option is to re-use that same value for Δ1. Since the timing drift is of the order of 1/4th of a chip every 200ms [2], such a requirement is considered quite sufficient to ensure infrequent changes of the time-reference cell.

It is considered that RAN4 should specify the exact value of Δ1 taking into account the UE capabilities for all multiflow configurations when 6 HARQ processes are configured. 

Proposal 2: Introduce a buffer of Δ1 slots such that the UE triggers an event at 1.5+ Δ1 slots to request the RNC to change the time-reference cell.

Once the UE triggers the event, the time-reference cell can be changed only when the RNC acknowledges the event. In order to avoid the drift becoming too large for the UE to manage, the acknowledgement should be received in a timely fashion. We consider that the RNC should indicate the change of the time-reference cell within Δ2 after the triggering of the event. To avoid scenarios where the UE and the NodeB are out of sync with respect to the mapping of the HS-PDSCH sub-frames, the value of Δ2 also needs to be specified. The UE behaviour for the case when the RNC response is received after Δ2 slots would be unspecified. 

Note that the UE should than be capable of managing an HS-DPCCH timeline reduction of (1.5+ Δ1+ Δ2) slots. We consider that RAN4 should also specify Δ2 taking into account the amount of margin that is available at the UE for HS-DPCCH timeline reduction.

Proposal 3: The RNC response changing the time-reference cell should be received Δ2 slots after the event has been triggered. The UE behaviour is unspecified if the time difference between the assisting and assisted NodeB is larger than (1.5+ Δ1+ Δ2) slots.
Proposal 4: RAN4 is requested to specify the values for Δ1 and Δ2. The values for Δ1 and Δ2 that are chosen should consider the margin available at the UE to support an HS-DPCCH timeline reduction of (1.5+ Δ1+ Δ2) slots.

Given that a fixed margin would be available at the UE in addition to the 1.5 slots, a trade-off between the amount of buffer introduced and the RNC response time would have to be considered.
4
Sub-frame Pairing Rule
When the UE is configured with 6 HARQ processes the sub-frame pairing rule is “maximum overlap”, i.e., the HS-DSCH sub-frames that have the most overlap are paired together and the cell that corresponds to the earlier HS-DSCH sub-frame is chosen as the time-reference cell. Other sub-frame pairing rules would not be feasible since the UE would not be able to support large time offsets between the HS-DSCH sub-frames. 

When the UE is configured with 7 HARQ processes, the time difference between the HS-DSCH sub-frames can be up to 3 slots due to additional HS-DPCCH processing time afforded by the configuration of an additional HARQ process. In this case, there are two possible sub-frame pairing rules that can be applied:

1. Maximum overlap: 

This is similar to the case when 6 HARQ processes are configured. The time-reference cell and the sub-frame pairing are chosen to ensure that maximum overlap between the sub-frames from the two participating cells is achieved. This rule requires that the time-reference cell is changed whenever timing drift causes a different sub-frame pair to have the maximum overlap. Consequently, whenever the time-reference cell is changed, the UL HS-DPCCH timing is also adjust in accordance with the new time-reference cell.
2. Static time-reference:

In this case, the time-reference cell is not changed and is set to be the serving HS-DSCH cell. When timing drifts causes the HS-DSCH sub-frames to have more than a 3 slot time difference, the sub-frame pairing is changed. In this scheme the while the pair of HS-DSCH sub-frames that are combined to form the HS-DPCCH ACK/NACK can change, the timing of the UL HS-DPCCH and the time-reference cell are not modified in any way. This scheme avoids the need for re-acquisition of the UL HS-DPCCH whenever the time-reference cell is changed as in Option 1. 
The main advantage of pairing rule 2 is that the UL HS-DPCCH timing does not need to be modified whenever the sub-frame pairing is updated. On the other hand, such changes to the time reference cell are expected to be quite rare. It is only in the rare case where the two cells are close to 1.5 slots apart does any change of the time-reference cell occur. Even in such a scenario, a change of the time-reference cell is expected to occur only once every couple of minutes. It is not considered that such events would have a detrimental impact on performance.
Note also that the signalling overhead is not reduced in any way by adopting pairing rule 2. Since the sub-frame pairing itself needs to be updated, the UE would still have to signal to the RNC the time-difference between the cells whenever the drift causes the difference to be more than 3 slots. 
Additionally, since it has been agreed that the maximum overlap rule would be applied whenever the UE is configured with 6 HARQ processes, it is preferred to have a single design for the management of Multiflow timing. Specification of different timing rules for the cases where the UE is configured with 6 HARQ processes and 7 HARQ processes is considered to be unnecessary complicated. Therefore, the following is proposed.

Proposal 5: The “maximum overlap” sub-frame pairing rule is adopted and specified when the UE is configured with either 6 or 7 HARQ processes.

It should be noted that even if the maximum overlap sub-frame pairing rule is used and the time-reference cell changes, the UL DPCCH timing remains the same. That is, only the UL HS-DPCCH channel timing is changes with respect to the new time-reference cell. The UL DPCCH timing adjustments are expected to occur as in the legacy case as indicated in [2]. For this reason, the time difference between the two cells should be computed at the UE based on the timing of the P-CCPCH of the two cells.
Proposal 6: The UL DPCCH timing is not affected by changes to the time-reference cell. 

Proposal 7: The UE measures the time difference between the assisting and assisted NodeB based on the their respective P-CCPCH channels.
5
Conclusions
In this document, the introduction of signaling to be introduced for non-MIMO UEs to indicate the need for 7HARQ processes was discussed. Management of multiflow timing when the UE is configured with 6 HARQ processes was discussed and the introduction of buffers, to avoid frequent overhead signaling in order to change the time reference cell, were suggested. Additionally, it was proposed that the same timing rules and operation be followed when the UE is configured with 7 HARQ processes as well. The following are proposed:
Proposal 1: Introduce a new UE capability bit for DF-3C and DF-4C configurations to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer for non-MIMO multiflow operation.

Proposal 2: Introduce a buffer of Δ1 slots such that the UE triggers an event at 1.5+ Δ1 slots to request the RNC to change the time-reference cell.

Proposal 3: The RNC response changing the time-reference cell should be received Δ2 slots after the event has been triggered. The UE behaviour is unspecified if the time difference between the assisting and assisted NodeB is larger than (1.5+ Δ1+ Δ2) slots.

Proposal 4: RAN4 is requested to specify the values for Δ1 and Δ2. The values for Δ1 and Δ2 that are chosen should consider the margin available at the UE to support an HS-DPCCH timeline reduction of (1.5+ Δ1+ Δ2) slots.
Proposal 5: The “maximum overlap” sub-frame pairing rule is adopted and specified when the UE is configured with either of 6 or 7 HARQ processes.

Proposal 6: The UL DPCCH timing is not affected by changes to the time-reference cell. 

Proposal 7: The UE measures the time difference between the assisting and assisted NodeB based on the their respective P-CCPCH channels.
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