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1 Introduction
At RAN#50 meeting, a new study item for HSPA uplink MIMO was approved [1]. At the same meeting, a new work item proposal on uplink transmit diversity for HSPA was also approved [2]. In addition, a contribution outlining potential design objectives for HSPA uplink MIMO along with preliminary simulation results was presented in [3] at RAN1#63.  

In this contribution we discuss some initial design considerations for UL MIMO and provide our initial suggestions on some working assumptions.
2 Discussion
The currently active Work Item: Uplink Transmit Diversity for HSPA [2] suggests that certain aspects of UL MIMO design should be considered as part of the WI as stated in the WID:

 “Facilitate the possible extension to UL dual stream MIMO operation in particular for channel sounding and pilot design, control channel design and power control procedures.”
Therefore we see a need to consider how UL MIMO will impact the uplink transmit diversity schemes being proposed.  

Transmitter Structure
In the companion contribution on uplink transmit diversity [4] we compared several UL pilot structures.  Our initial analysis shows that the precoded UL CLTD pilot structure shown in Figure 1 has advantages over the other schemes considered.  

In particular to this contribution, one of the advantages is that this structure can be naturally extended to support UL MIMO rank-2 transmission, by transmitting a second data stream together with the second DPCCH using the same precoding vector, a concept illustrated in Figure 2.  In the scenario where the channel condition does not support rank-2 transmission, this transmitter structure offers a natural fall back to the CLTD operations by simply DTXing the second E-DPDCHs and associated control channels.  Therefore, smooth transition or adaption between dual-stream MIMO mode and CLTD mode can be achieved from the perspective of transmitter structure. 
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Figure 1: UL CLTD transmitter structure [5]
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Figure 2: Proposed dual-stream UL MIMO transmitter structure
Power Control
The inner-loop power control (ILPC) mechanism is essential for WCDMA and HSUPA operations.  Not only does it control the UE power to mitigate the near-far effect, but it is also serves as a power reference for data transmission.  In E-DCH for instance, the data channel power for each allowed E-TFC is determined via a set of E-TFCI-power offset reference points, via simple extrapolation or interpolation (i.e.: Kref, βref  in the specifications).

For dual-stream UL MIMO operations, we identify two basic operation modes with respect to the power control: single or dual power control loops.  Referring to Figure 2, for single power control operations we assume here that only the DPCCH1 is power-controlled by the NodeBs, and the DPCCH2 power is set relative to that of the DPCCH1.  In dual power control loop operations, we assume that the DPCCH for each stream (DPCCH1 and DPCCH2) are power controlled independently.

Clearly a single power control loop helps to reduce the downlink signaling overhead and may have little or no impact to legacy power control and NodeB power control operation; or the operation of other NodeBs in the active set.  However a single-power control loop may not be sufficient to provide instantaneous per-stream SINR control.

With dual power control loops, each of reference pilots is received at the NodeB with equal SINR, insuring that streams are balanced from the NodeB perspective.  In addition, the UE has instantaneous knowledge of which of the two stream is the most power efficient, as it is aware of the transmit power differences in the two streams.  However, this approach will require that the NodeB control and track two DPCCHs for each UE in UL MIMO mode.    Also this mode of operations may not be radio efficient at times, as sometimes the spatial channel may become singular, which would drive excessive power to be allocated to the failing stream(s).  Careful attention would need to be given to radio efficiency for such designs.  We also note that with dual power control loops, additional design effort might be necessary to ensure that legacy NodeBs can properly control the interference or transmit power from dual-stream UEs.
Scheduling
In E-DCH up to release 10, scheduling is controlled via a serving grant signalled by the serving NodeB and also controlled by the non-serving NodeB for interference control purposes.  This serving or scheduling grant takes the form of a power offset with respect to the DPCCH power.  At a high level, the serving grant could be interpreted as a “permission” to create interference on the uplink.
There are a number of options for carrying out scheduling for dual-stream operations.  For example, for rank-2 transmission, the scheduling could be performed on a per-UE or a per-stream basis.  A per-stream scheme would be similar to some extent to the R9 DC-HSUPA scheduling strategy where one scheduling grant is assigned to each uplink frequency independently.  In this case of course the scheduling would apply to each stream.  Such an approach requires doubling the downlink control signalling; indeed with per-stream scheduling, additional downlink grant signalling resources such as E-AGCH and E-RGCH are required. 
A per-UE scheme can also be used where a single grant controls the total UE E-DCH power aggregated across both streams.  We note here that additional downlink signalling might still be required to somehow control the amount of information transmitted on each of the stream to account for changing channel conditions.  One potential advantage of such a scheme where the total UE power is controlled using the existing grant mechanism is that the same interference control algorithms can be re-used at the NodeBs.
Number of Transport Blocks
For the dual-stream operations, there is the possibility of transmitting a single transport block (split across the two streams or layers) or two transports blocks (one per stream, or interleaved across both streams).  

With two transport blocks two HARQ processes may be required (see [3] for potential operations with 2 HARQ processes), and it would have impacts at the MAC layer as well; however some DC-HSUPA functionality may be re-used to that effect.  We also note that even for the two transport block option, it is further possible to operate with a single HARQ process, which could reduce the downlink signalling at the expense of uplink performance.  

With single transport block operations, the impact to the MAC layer may be minimal and since a single HARQ process is needed, the downlink control signalling overhead is reduced compared to the full blown dual HARQ operations.  The layer or stream mapping could be carried out at the physical layer.

Summary
We finally note that power control, scheduling and the number of transport blocks and also HARQ operations should ideally be considered jointly in an UL MIMO design.  To decide appropriate combinations, detailed studies where power control, scheduling, signalling overhead, HARQ operations and so on need to be performed to assess the trade-offs.  As a general guideline, it may be desirable to attempt to maintain the existing mechanisms and operations / philosophy as much as possible.

We propose as a way forward that such studies are carried out under a common transmitter structure.  To this end, we propose that the transmitter structure with the DPCCH pre-coded shown in Figure 2 is used as a working assumption:
Proposal: Consider the transmitter structure proposed for pre-coded PDCCH in UL TxD [5] as modified in Figure 2 as a working assumption transmitter structure for further UL MIMO studies. 
3 Conclusions
Some initial design considerations for HSPA UL MIMO dual-stream operations were discussed.  It is proposed to study power-control, scheduling, HARQ operations, signalling overhead and other aspects under a common baseline transmitter structure.  

Proposal: Consider the transmitter structure proposed for pre-coded PDCCH in UL TxD [5] as modified in Figure 2 as a working assumption transmitter structure for further UL MIMO studies. 
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