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1. Introduction

At RAN#53 meeting, a WID of multiflow data transmission was approved [1]. There are some issues on uplink that we can foresee for the work item, which include HS-DPCCH feedback, timing and decoding. In this contribution, we give some considerations and proposals on these issues.
2. Discussion
2.1 HS-DPCCH Feedback Structure
Each of a pair of cells can simultaneously schedule a transport block on the HS-DSCH to the UE for multiflow transmission schemes. There would be two sets of ACK/NACK and CQI information to feedback. To save the uplink power consumption, it seems appropriate to feedback them in one TTI. It is already agreed that ACK/NACK and CQI information for each cell are transmitted jointly per TTI in [2]. With these assumptions, it seems reasonable for the HS-DPCCH feedback structure to reuse the joint structure defined in the DC-HSDPA feature (shown in Figure 1).
Proposal 1: HS-DPCCH feedback structure reuses the joint structure defined in the DC-HSDPA feature.
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Figure 1: Construction of composite ACK/NACK and composite CQI report in DC-HSDPA
2.2 HS-DPCCH Timing Analysis
2.2.1 Overview
Two cells which may belong to the same NodeB (Intra-NodeB) or non-colocated NodeB (Inter-NodeB) are involved in the multiflow data transmission. Slot boundaries of the two cells may be not aligned because of the time drift of different clocks, the time relative delay (Tcell) introduced to avoid having overlapping SCHs and the time relative delay introduced by different transmission distances etc.

For intra-NodeB multiflow transmission, as analyzed in [3], different subframe timings in the two cells are basically aligned and therefore will not induce significant time compression for ACK feedback, i.e. within 1 slot. While for inter-NodeB, since higher layers configure the subframe pairing and different cells may have very different subframe timing, this issue becomes more serious.
· Subframe pairing

The subframe pairing directly impacts the total time compression. In order for easy implementation, it seems appropriate to restrict the time difference of the paired subframes as low as possible, i.e. within 1.5 slots, In addition, it is necessary to inform UE the subframe pairing to ensure the credibility of pairing information. For DF-4C, the subframe pairing information is the same as SF-DC and DF-DC since the two cells of a NodeB are synchronous.
· Split of the time compression between NodeB and UE

The UE shall transmit ACK/NACK 7.5 slots after receiving the HS-PDSCH subframe which is defined in TS 25.211, correspondingly NodeB shall finish the ACK/NACK decoding and scheduling within 4.5 slots assuming typical number of HARQ processes is 6. However in multiflow data transmission, the timelines would be changed which leads to time compression. It is already agreed that the time compression of 1.5 slots is shared by both UE and NodeB, in which NodeB has the compression of 0.5 slots at maximum to ensure the scheduling. Meanwhile, the UE transmits ACK/NACK 6.5 slots at minimum after receiving the HS-PDSCH subframe [3] (shown in Figure 2).
Proposal 2: Both UE and NodeB share the time compression, in which NodeB has 0.5 slots at maximum for inter-NodeB multiflow transmission.
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Figure 2: HS-DPCCH Timing for MP-HSDPA Inter-NodeB
In addition, the description of infrastructure implementation in TR 25.872 is as follows:
The following additions are required in the signalling from RNC to the UE and from RNC to both the serving and secondary serving cells to support time alignment between the serving and secondary serving HS-DSCH cells.

· Depending upon the compressability of the timelines at the UE and Node-B, the RNC will inform the UE of the subframe pairing and HS-DPCCH timing through an RRC message. 

· Through an NBAP message, the RNC will inform the serving and secondary serving cell of the timeline for ACK, so that the serving and secondary serving cells can decode and associate the received ACK to the appropriate subframe transmitted.

Then in the HS-DPCCH timing analysis, higher layer signalling would also be discussed according to the description of infrastructure implementation
2.2.2 HS-DPCCH Timing at UE
The HS-DPCCH timing for multiflow should be defined, so that the joint structure defined in the DC-HSDPA features can be reused. 

To fairly split the time compression at the NodeB and UE, it has been agreed in principle that NodeB has 0.5 slots at maximum while UE has 1 slot at maximum [2]. To specify the timing in multiflow transmission case, it is efficient to introduce a parameter
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, configured by higher layers to indicate the time compression at UE, with the restriction of the mentioned ‘fair split’. 

There are two cases for the timing relationship between the two cells:
· Serving cell timing prior to secondary serving cell (case 1 shown in Figure 3)
The UE calculates the timing of ACK/NACK generation for serving cell according to
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after receiving the parameter
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. The UE shall finish the ACK/NACK generation at the timeline for both the serving cell and the secondary serving cell due to the joint feedback. The range of
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is from 0 to 0.5 slots.
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Figure 3: HS-DPCCH Timing for Multiflow Data Transmission (Case 1)
· Secondary serving cell timing prior to serving cell (case 2 shown in Figure 4)
The timeline calculation of ACK/NACK generation is the same as case 2. The range of
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is from -1 to 0 slots.
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Figure 4: HS-DPCCH Timing for Multiflow Data Transmission (Case 2)

Proposal 3: ACK/NACK timing is
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is configured by higher layers satisfying
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, and the ACK/NACK timing refers to the serving cell.
2.2.3 HS-DPCCH Decoding at NodeB
Figure 5 shows the timing offset between the uplink DPCH, the HS-PDSCH and the HS-DPCCH at the UE. An HS-DPCCH sub-frame starts m×256 chips after the start of an uplink DPCH frame that corresponds to the DL DPCH or F-DPCH frame from the HS-DSCH serving cell containing the beginning of the related HS-PDSCH subframe with m calculated as m = (TTX_diff /256 ) + 101.
For inter-NodeB, two aspects about the HS-DPCCH decoding time, which is based on the m value, need to be considered:
· The relationship between TTX_diff and m is specified in TS 25.211 supposing the timeline of HS-DPCCH is 7.5 slots. If the relationship keeps unchanged for multiflow data transmission, the ACK/NACK and CQI information would mismatch the HS-PDSCH subframe so that the HSDPA transmission is out of order. So the relationship should be adjusted to the changed timeline.
· The secondary serving does not decode the HS-DPCCH since there is no soft handover in the traditional HSDPA, but it is different for the multiflow data transmission. The secondary serving will decode the HS-DPCCH for ACK/NACK of related HS-PDSCH subframe depending on the m value. The two cells only know their own TTX_diff and calculate the m value separately, so that there would be two values of the m if the TTX_diffs are different. However, since the UE maintains a single uplink DPCH frame timing, two different values of m will lead to two different HS-DPCCH timings, further leading to error decoding at NodeB.
So there would be two possible schemes:

· Higher layers configure m for both cells

Higher layers configure one single m value for both the two cells.

· NodeB calculates m value based on some extra information from higher layers
The relationship between TTX_diff and m should be modified as m = (TTX_diff /256 ) + 101+ tc×10 for both the serving cell and the secondary serving cell, where the TTX_diff is serving cell’s. Correspondingly RNC will inform the secondary serving cell of TTX_diff and tc used in the serving cell.
Proposal 4: The m value is kept the same in the cell pair. For example higher layers configure one single m value for both cells or RNC informs the secondary cell of TTX_diff and tc used in the serving cell.
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Figure 5: Timing structure at the UE for a cell pair
3. Conclusion
In this contribution we discuss some issues on the uplink for introducing multiflow data transmission. Some possible proposals are presented for further discussion. We propose:
Proposal 1: HS-DPCCH feedback structure reuses the joint structure defined in the DC-HSDPA feature.
Proposal 2: Both UE and NodeB share the time compression, in which NodeB has 0.5 slots at maximum for inter-NodeB multiflow transmission.

Proposal 3: ACK/NACK timing is
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, and the ACK/NACK timing refers to the serving cell.
Proposal 4: The m value is kept the same in the cell pair. For example higher layers configure one single m value for both cells or RNC informs the secondary cell of TTX_diff and tc used in the serving cell.
To facilitate proposal 3 and proposal 4 to the specification, a LS needs to be sent to RAN2/RAN3 to address HS-DPCCH timing issues in case of HSDPA multflow transmission.
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