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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 details of multiflow operation when 7 HARQ processes is configured was also described along with a scheme for dynamic UE based sub-frame pairing. 
2
HS-DPCCH Timing Reduction 
In the previous RAN1 meeting, it was agreed that MIMO would be supported in multiflow HSDPA and signaling would be introduced for the UE to indicate the need for 7 HARQ processes due to inabilities to manage the HS-DPCCH timing reduction that would be enforced. Instead, the UE would support a larger soft buffer to ensure that peak rate requirements are met. Specifically, the agreements are as follows [1]:

· Multiflow cases 1-4 are supported for both single-stream and dual-stream MIMO 

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support single-stream MIMO with Multiflow

· Introduce a new UE capability bit to indicate that the UE does / does not require an additional HARQ process and supports a larger soft buffer in order to support dual-stream MIMO with Multiflow


· No change in soft buffer per HARQ process
It is considered that a similar capability bit (or reuse of the same bits) be also introduced for non-MIMO UEs due to the following reasons:

· The HS-DPCCH timing obtained in [2] was based on the assumption of a Type-3i receiver. However, it is expected that advanced received beyond the functionality of a type-3i operation are probable in order to improve UE performance during multiflow operation. Due to the additional processing required by such received, the HS-DPCCH timeline reduction may not be supported. Therefore, it is justifiable that the UE signals the need for an additional HARQ process when operating in non-MIMO multiflow.

· Non-MIMO UE may also indicate support of TxAA for non-MIMO operation which is effectively the support of single stream MIMO. In this case, the UE would have to undertake additional processing for each cell in order to transmit the CQI on the HS-DPCCH. The additional processing includes the computation of the SNR based on signals from multiple antennas, precoder selection and processing the data streams for each cell. In this case, the requirement for HS-DPCCH timing reduction may not be met and therefore, the need for 7 HARQ processes needs to be signalled. 
· UE’s that are capable of MIMO operation would have receivers that are dimensioned to support HS-DPCCH with a 7.5 slot timeframe. These UE’s would also be capable of supporting additional soft buffer to support the 7 HARQ processes in MIMO mode. Such UEs would not be able to revert back to supporting the HS-DPCCH timing reduction in non-MIMO configurations. Therefore, signalling to indicate support of 7-HARQ processes would be required in non-MIMO multiflow configurations as well. 
· It is foreseeable that more complicated multiflow configurations involving multiple NodeBs could introduced in the future. In such cases, it is inevitable that the UE would require the need to signal the support of 7 HARQ processes. Therefore, it would be beneficial to introduce the signalling needed to ensure forward compatibility. 
· From the UE implementation point of view, the introduction of additional memory may be less complex then tightening the timing for the receiver as a whole which might compromise performance. 
Due to the above reasons, 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.

Proposal 1: Introduce a new UE capability bit 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 Operation with 7 HARQ Processes
When the UE is unable to meet the HS-DPCCH timeline reduction requirements, the need for the configuration of 7 HARQ processes is signalled. The relaxation of the HS-DPCCH timeline to meet the legacy requirement of 7.5 slots could be met when 

· only one of the two NodeBs (or one of two cells in the case of intra-NodeB two cell-multiflow) participating multiflow is configured with 7 HARQ processes
· both NodeBs and all cells are configured with 7 HARQ processes

The benefits and issues that arise in both cases are discussed below.

3.1
Single Multiflow NodeB/Cell configured with 7 HARQ processes
Consider an Inter-NodeB SF-DC multiflow configuration where the assisting NodeB and the assisted NodeB are received 1.5 slots apart. In this case, when 6 HARQ processes are configured by the NodeB, the HS-DPCCH is associated with the ‘earlier’ cell. Figure 1 illustrates the timing of the two cells and the corresponding timeline of the HS-DPCCH.
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Figure 1: Timeline of the assisted and assisting cells and the associated HS-DPCCH when 6 HARQ processes are configured in both cells
In Figure 1, note that the HS-DCCH timeline is compressed to 6 slots with the assisting NodeB. In the Figure, it is assumed that subframe 0 is paired between the two cells. Additionally, the HS-DPCCH timeline is associated with the cell that is received ‘earlier’ – i.e, the cell wherein the subframe 0 was received earlier. 

Let’s consider the case when only the assisting NodeB is configured with 7 HARQ processes while the assisted NodeB is configured with 6 HARQ processes. The timeline of the two cells and the corresponding HS-DPCCH is shown in Figure 2. 
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Figure 2: Timeline of the assisted and assisting cells and the associated HS-DPCCH when 7 HARQ processes are configured in the assisting NodeB and 6 HARQ processes are configured in the assisted NodeB.

In Figure 2, note that the subframe 0 in the assisted NodeB is paired with subframe 5 in the assisting NodeB. The legacy HS-DPCCH timeline is maintained with the assisted NodeB, i.e, 7.5 slots whereas the timeline with respect to the assisting NodeB is relaxed. Note that the timing of the HS-DPCCH channel is associated with the ‘later’ cell– i.e., the cell for which the paired subframe (subframe 0 in this case) is received later. 
When the two cells begin to drift apart due to UE mobility, etc., the pairing of the HS-DPCCH may change. As a result the number of HARQ processes configured in the two cells may need to change. If the assisting NodeB is now received ‘later’, then the assisted NodeB would have to be re-configured with 7 HARQ processes. 

Additionally, then the UE moves in and out of the region where multiflow operation occurs, the number of HARQ processes may need to be re-configured once again. Therefore, there would need to be quite excessive bookkeeping involved when only one cell is configured with 7 HARQ processes.
3.2
All Multiflow NodeB/Cell configured with 7 HARQ processes

Similar to the previous section, consider an Inter-NodeB SF-DC multiflow configuration where the assisting NodeB and the assisted NodeB are received 1.5 slots apart. The timeline when 6 HARQ processes are configured in the two cells has been discussed in the previous section.
When 7 HARQ processes are configured in all the participating cells/NodeBs, the timeline is the same as shown in Figure 2. However, when the subframe pairing is updated, there would be no need for the cell that is received ‘earlier’ to reconfigure the number of HARQ processes. There would also be no reconfiguration needed when the UE moves in and out of multiflow operation.

While this approach seems advantageous, note that the UE would not be required to support the additional memory for 7 HARQ processes for all the participating cells and NodeB. While this may seem to be complex from an implementation point of view, there are considerable overheads involved in multiflow operation if only one cell was configured with 6 processes. Therefore, we propose the following.

Proposal 2: When the UE signals the needs for 7 HARQ processes, all the participating cells/NodeB involved in multiflow operation are configured with 7 HARQ processes.

4
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 [2]. The signalling can be summarized as follows:

· The sub-frame pairing is determined by the UE such that the maximum sub-frame offset from any of the cells does not exceed 1.5 slots. 

· The pairing is signalled to the RNC which then informs the assisting and assisted NodeBs so that they adjust their timelines in order to receive and decode the HS-DPCCH
· If the two cells/NodeBs begin to drift apart, and the maximum configured threshold has been exceeded, then the UE computes the new subframe pairing and informs the RNC through an event. The timing of the HS-DPCCH would change after a pre-configured activation time.

· A new event would have to be introduced in the specification with information about the new subframe pairing. If the timing from multiple cells are different, then an event would need to be configured for each pair of cells participating in the multiflow operation.

· 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. The RNC also acknowledges the change in subframe pairing back to the UE.
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. 

[image: image3.png]Serving
Cell }

HS-DPCCH1 +——
1.375 slots

|

1.5slots

Serving Cell

Event Acknowledged!!

Event Repo$ed as delay
grater thap 1.5 slots

LR
S

2R
R S s
sk
o
D

st bRt

—

1.625 slots

cal

7.5 slots

S5
R
st bttt

6.5 slots

cal





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 slewing rate at the UE is ¼ chip per 200ms [3]. Note that a similar drift occurs in R99 downlink soft-handover and a similar mechanism has already been specified to handle such drifts based on UE reports of timing offset.
Proposal 3: Dynamic UE based cell-pairing is used to manage the HS-DPCCH timing in Multiflow HSDPA
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. Multiflow operation when 7 HARQ processes is configured was also detailed with and a scheme for dynamic UE based subframe pairing was introduced. The following are proposed:
Proposal 1: Introduce a new UE capability bit 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: When the UE signals the needs for 7 HARQ processes, all the participating cells/NodeB involved in multiflow operation are configured with 7 HARQ processes.

Proposal 3: Dynamic UE based cell-pairing is used to manage the HS-DPCCH timing in Multiflow HSDPA
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