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1 Introduction
At the RAN#53 plenary a work item on multi-flow HSDPA transmissions where a UE can receive data transmissions from multiple cells simultaneously was opened. Unlike the multi-carrier HSDPA operation specified in Rel-8/9/10/11, where it was required that all cells on which the downlink transmissions occurred to a particular UE had identical timing, a UE configured for multi-flow HSDPA operation can receive data from different, potentially uncoordinated, cells. Different downlink timing will impact the HS-DPCCH timing and this is the topic discussed in this contribution. Two alternative solutions are outlined. The first is based on that the UE jointly encodes HARQ-ACK information for all cells and transmit the information on a single HS-DPCCH. The other solution is based on that one HS-DPCCH per sector is used by a UE configured with multi-flow HSDPA. The latter solution avoids reducing the HARQ time budget for the UE and NodeB and it is therefore our preferred solution.
2 Background

Given a certain downlink timing delay Tcell the relative timing of P-CCPCH and HS-SCCH, the HS-SCCH and HS-PDSCH, and the HS-PDSCH and the HS-DPCCH is illustrated in Figure 1 to Figure 3.
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Figure 1: Illustration of the relative timing between P-CCPCH and HS-SCCH. 
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Figure 2: Relative timing relation between the HS-SCCH and HS-PDSCH. 
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Figure 3: Relative timing relation (at the UE) between HS-PDSCH and HS-DPCCH.

Based on the existing timing relations, Figure 4 illustrates the HARQ timing budget for the UE and NodeB. It should be noted that the propagation delay Tp has been ignored; if one also were to account for the propagation delay, the HARQ time budget of the NodeB would be 4.5 - 2Tp slots.

[image: image4]
Figure 4: HARQ time budget for the UE and NodeB when the network has configured a UE with 6 HARQ processes. 

3 HS-DPCCH for multi-flow HSDPA
Having described the timing and HARQ budget for legacy operation, this section focuses on the HS-DPCCH design for multi-flow HSDPA transmissions. Two main alternatives are described: 

· Joint HS-DPCCH encoding

· Sector based HS-DPCCH encoding

For the sake of simplicity we restrict the discussion to the case where the UE only is configured with two cells and where the two cells do not have the same timing. It is however straightforward to extend the principles to scenarios where the UE is configured with multiple cells per sector (as long as all cells transmitted on the same sector have identical timing). 

3.1 Joint HS-DPCCH encoding

We assume that if a solution based on joint HS-DPCCH encoding is used, the UE always pairs the two HS-PDSCH TTIs that result in maximum overlap.

Assumption 1: The UE always pair the two HS-PDSCH with maximum overlap.
Under this assumption, the maximum relative time difference between the two HS-PDSCH can be 1.5 slots. This, as noted in the study item, translates into a reduction of 1.5 slot of the existing HARQ budget. This corresponds to a reduced HARQ time budget by 33 and 20 percent for the NodeB and UE, respectively. (One example where the NodeB have to accommodate the entire HARQ time budget reduction is illustrated in Figure 5.) From a NodeB point of view, the existing HARQ budget of 4.5 slots during which it is supposed to do HARQ-ACK decoding, scheduling for the upcoming TTI and allocating the hardware resources is challenging. Further, considering networks in which baseband hotels are used and where the entire or part of the baseband functionality is located in a different location than the radio heads, we see a reduced HARQ time budget at the NodeB as highly undesirable. Thus, in our view, the majority of the reduction would have to be taken by the UE’s existing HARQ budget if a solution based on joint HS-DPCCH encoding would be adopted.
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Figure 5: HARQ time budget for an example where the NodeB accommodates for the entire reduction in HARQ time budget. 

The main benefit of this approach is that the existing multi-carrier HSDPA solutions can be reused and that the UE only is required to change its transmissions once per slot. However, this will come at the expense of a significantly reduced HARQ time budget. Furthermore, it is not clear that a solution based on joint HARQ-ACK can support the inter-site case when MIMO is configured at one or more of the cells. (This is because the Rel-9 Dual Cell-HSDPA with MIMO codebook is based on that receiver has knowledge of the number of the number of HS-DSCH packets that were transmitted). 
3.2 Sector-based HS-DPCCH encoding

Another HS-DPCCH design would be to let each downlink cell (sector) have a separate HS-DPCCH.
 The main advantage with this approach would be that it does not require any reduction of the HARQ time budget for the UE or NodeB. This is further illustrated in Figure 6 for the same scenario as considered in Figure 5. 
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Figure 6: HARQ time budget for an example where two HS-DPCCHs are used; one per sector.
For each of the two HS-DPCCHs the existing HS-DPCCH coding can be reused. To exemplify, if a UE for a certain sector only has a single cell configured the HS-DPCCH encoding for this cell can reuse the Rel-5 encoding. Similarly, if a UE for a certain sector has two cells (without MIMO) configured, the HS-DPCCH for these cells can be based on the Rel-8 encoding. 

Note that this approach will conserve the HARQ budget for both the UE and the NodeB. In our view, this is a strong argument for favouring a solution based on two HS-DPCCHs. Furthermore, this approach would allow that the existing HARQ-ACK codebook can be reused also when the cells are configured MIMO operation.
Yet an additional benefit of this approach is that it avoids introducing new events for reporting timing drifts if the cells have different time references.
A drawback of the solution relying on two HS-DPCCHs is that it will be associated with a larger cubic metric. The impact of using transmission on two HS-DPCCHs has been studied both within Rel-8 and Rel-10; see e.g. [6] for the Rel-8 discussion. The general conclusion from these discussions has been that there is a drawback on the cubic metric if two I/Q multiplexed HS-DPCCHs are used if the uplink data rate is low. However, since the cubic metric only impacts the UE if the UE is power limited (close to its maximum transmit power), the scenario that a UE is power limited at the same time as it is transmitting with a small uplink data rate may be relatively unlikely. The impact on cubic should however be further evaluated.
4 Conclusions
In this contribution, we discussed the HS-DPCCH design for multi-flow HSDPA. Two solutions were outlined. In the first alternative, a single HS-DPCCH was used for carrying the HARQ and PCI/CQI information for all cells. In our view, this solution has two considerable drawbacks. First and foremost, it will reduce the HARQ time budget with 1.5 slots. The second drawback is that will require that new events are introduced for handling time drifts if the cells use different clocks. The other alternative is based on that the UE transmit two HS-DPCCHs; each carrying the HARQ and PCI/CQI information associated with all cells in a sector that use the downlink timing of the respective sector. We are still evaluating both options although we are leaning towards a solution based on two HS-DPCCHs.
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� As we discuss in another contribution, this approach is straightforward to extend as long as the cells belong to at most two sectors, i.e. it can cover DF-QC-HSDPA.
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