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1
Introduction

A work item on MIMO with 64QAM for HSUPA was started in [1]. The WI follows from the study conducted on UL MIMO and summarized in the technical report [2]. In this document, we address the design aspects of UL MIMO operation including the introduction of new data channels. 
2

MIMO operation of E-DCH

One of the primary design choices to be made is the number of transport block that are transmitted in UL MIMO mode. Both the single and dual transport blocks have been simulated during the study item phase and the results have been presented in [2]. It is considered that dual transport blocks perform better when the average gains are considered over the different values of the Rx Ec/No. Therefore, the following is proposed:

Proposal 1: Dual transport blocks are used for UL MIMO

The concept of MIMO operation of E-DCH is presented below. Further details on the PHY/MAC design considerations are provided in later sections. It is assumed that there are two transport blocks are used. The general UE transmitter structure to support MIMO operation of E-DCH transmission is shown in Figures 1 and  2. 
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Figure 1: MIMO Operation of E-DCH: Channel Coding and Multiplexing
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Figure 2: MIMO Operation of E-DCH: Spreading, Precoding and Modulation

We envision MIMO operation of E-DCH as follows:

· One HARQ entity per E-DCH, one HARQ process per TTI for single stream transmission and two HARQ processes per TTI for dual stream transmissions.

· The MAC-i scheduler at the NodeB is modified to allow for per-stream scheduling. The scheduler can generate two grants (one for each stream or HARQ process) per TTI.

· Upon receiving scheduling grants via E-AGCH and E-RGCH from the NodeB, for both H-ARQ processes, the E-TFC selection function selects the transport blocks depending on single or dual stream transmission. 

· The E-DCH processing structure for each of the two transport blocks (in case of dual stream transmissions) is identical to each other.

· In the case of dual streams, the minimum transport block size per stream is 3988 bits. By assuming PLnon_max = 0.66, this corresponds to using 2xSF2+2xSF4 (code occupancy = 75%, code rate = 3988/11520 = 0.34479) on each of the streams. 

· Two new types of physical channels are introduced a) secondary pilot (S-DPCCH) and b) secondary E-DPDCH (S-E-DPDCH). The S-E-DPDCH channels carry channel bits corresponding to the secondary transport block. S-DPCCH is introduced for the two purposes:  Along with DPCCH, it serves as reference to help sound the channel between the two UE transmit antennas and the NodeB receive antennas. By estimating the channel matrix, the NodeB can derive an optimal primary precoding vector that is fed back to the UE. The S-E-DPCCH also serves as a phase reference to aid demodulation of the secondary data channel (S-E-DPDCH). 

· Between the spreading/scrambling and and modulation blocks, a stage of precoding is introduced in the UE transmitter. The spread complex valued signals are fed to both TX antenna branches, and weighted with precoding weights w1, w2, w3 and w4. If the UE transmits a single transport block to the NodeB in one TTI, it uses the precoding vector (w1, w2) for transmission of that transport block on the E-DCH TTI. If the UE transmits two transport blocks to the NodeB in one TTI, it uses two orthogonal precoding vectors to transmit the two transport blocks. The precoding vector (w1, w2) is called the primary precoding vector which is used for transmitting the DPCCH, DPDCH, HS-DPCCH, E-DPCCH and the primary transport block on the E-DCH. The precoding vector (w3 , w4) is called secondary precoding vector which is used for transmitting the secondary transport block, respectively.

· When dual streams are configured on E-DCH, boosting of the E-DPCCH and S-DPCCH should always be performed. On the primary precoding vector branch, similar to Rel-7, the E-DPCCH is boosted, while on the secondary precoding vector branch, the S-DPCCH is also boosted based on the same parameters that is used to determine the E-DPCCH power offset.
3
Physical Layer Design Considerations
3.1
Precoding at the UE transmitter 

If the channel matrix is completely known, singular value decomposition (SVD) precoding is known to achieve the MIMO channel capacity [5]. In this approach, the channel matrix is diagonalized by taking an SVD and removing the two unitary matrices through pre- and post-multiplication at the transmitter and receiver, respectively. Then, one data stream per singular value or eigen mode can be transmitted without creating inter-stream interference.

Similar to the D-TxAA scheme in Rel-7 DL MIMO, we propose to introduce applying primary and secondary precoding vectors between the spreading/scrambling blocks and the modulation blocks in the transmitter. The secondary precoding vector is orthogonal to the primary precoding vector (similar to DL MIMO). One advantage of such a scheme is that when the UE transmits a single stream it readily falls back to CL BFTD which is based on maximum ratio transmission [6] where the single stream is transmitted on the strong eigen-mode or singular value.

3.2
Introduction of Uplink Data Channels: Secondary E- DPDCH (S-E-DPDCH)
When the UE transmits dual streams, the E-DPDCH(s) are used to carry the channel bits corresponding to the primary transport block.  In order to support transmission of the channel bits corresponding to the secondary transport block, a new set of physical data channels are needed. We refer to these channels as secondary E-DPDCHs (S-E-DPDCHs). 

Some key design issues related to S-E-DPDCH are as follows:

· Amount of power to allocate between E-DPDCHs and S-E-DPDCHs

· Theoretically speaking, it should be possible to perform asymmetric allocation of total available power on E-DCH between the E-DPDCHs/S-E-DPDCHs via the method of water filling. However, practically speaking, there may be challenges to accurately estimate the powers of the Eigen values and adapt the power allocation fast enough. Also, if we were to allow for dynamic and asymmetric power allocation, there is also an increase in NodeB scheduler complexity to evaluate different combinations of transport block sizes across the two streams such that throughput is maximized. Therefore, it is considered that the power allocated to the data channels is equally split between the primary and secondary streams (E-DPDCHs and S-EDPDCHs).
Proposal 2: The power allocated to the data channels is equally split between the primary and secondary streams (E-DPDCHs and S-EDPDCHs).
· Channelization code allocation

·  Unlike HSDPA (SF = 16), HSUPA supports variable spreading factors. However in high SNR region (where dual stream transmissions are likely to be scheduled), it is most likely that the primary stream runs out of code space (operating at 2xSF2+2xSF4). Hence the second stream could be chosen to be a subset the 2xSF2+2xSF4 codes allocated to the primary stream:

· 2xSF2+2xSF4, 2xSF2, 2xSF4, 1xSF4

· However in order to simplify NodeB receiver implementation with regard to spatial separation of the two streams (similar to DL MIMO), the second stream could be restricted to the configuration 2xSF2+2xSF4.

Proposal 3: The codes allocated spreading factors on the S-E-DPDCHs are restricted to 2xSF2+2xSF4.
3.3
Precoding of Physical Channels
In Figure 2, it is shown without loss of generality that the E-DPDCHs are transmitted using the primary precoding vector and the S-E-DPDCHs are transmitted using secondary precoding vector.

In order to ensure backward compatibility, it is considered that the same pre-coded pilot structure that was adopted in UL CLTD also be used for UL MIMO.

Proposal 4: Precoded pilot structure is used for UL CLTD

Since the primary precoding vector represents the stronger Eigen mode, the DPDCH, E-DPCCH and HS-DPCCH are transmitted after application of this vector in order to ensure reliable reception of these channels.

Also, in scenarios of relevance to UL MIMO, E-DPCCH is boosted and used as a phase reference for the purpose of data demodulation of E-DPDCH(s), and so similar to the above discussion, it is justifiable to send E-DPCCH information for the primary transport block using the primary precoding vector. Furthermore, again since the primary precoding vector is the stronger Eigen mode, it is logical to also transmit the S-E-DPCCH information of the secondary transport block using the primary precoding vector. 

Table 1 summarizes the uplink physical channel configuration across the primary and secondary precoding vectors.

Table 1: Uplink Physical Channel Configuration across both precoding vectors, “X" – must be applied, "–" – not applied

	Primary Precoding Vector
	Secondary Precoding Vector

	DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH (primary /secondary TB)
	E-DPDCH
	S-DPCCH
	DPDCH
	HS-DPCCH
	E-DPCCH
	S-E-DPDCH

	X
	X
	X
	X
	X
	X
	-
	-
	-
	X


3.4
E-TFC Selection
In the case when UE is not power headroom limited i.e. the serving grants do not cause the UE to transmit at maximum output power, the E-TFC selection algorithm is rather straightforward where the E-TFC for each stream is selected based on the serving grant of that stream. 

However, if the UE is power headroom limited, i.e the serving grants cause the UE to transmit beyond the maximum UE transmit power, then some form of power and rate scaling is required to accomodate both the streams. A few options could be considered here:

· Option 1: Provide the UE enough freedom to select between single and dual streams by trying to maximize the throughput.

· Option 2: As in DC-HSUPA, scale (T/P)1 by a constant α such that the UE transmit power does not exceed the maximum UE transmit power. Note that scaling (T/P)1 determines the power levels of  E-DPDCHs, S-E-DPDCHs, E-DPCCH and S-DPCCH as well as the TBS on the primary stream. The (T/P)2 could also be by the same amount   α  to determine the new TBS on the second stream. Note that (T/P)2 is not used to determine the power levels of S-E-DPDCH but only used to determine the TBS on the secondary stream.
4
Conclusions
This document discussed the basic concept of UL MIMO operation and also discusses the introduction of new UL data channels. Precoding of the data and control channels are addressed and E-TFC selection of transport blocks is also briefly addressed. The following proposals are made:
Proposal 1: Dual transport blocks are used for UL MIMO.

Proposal 2: The power allocated to the data channels is equally split between the primary and secondary streams (E-DPDCHs and S-EDPDCHs).
Proposal 3: The codes allocated spreading factors on the S-E-DPDCHs are restricted to 2xSF2+2xSF4.
Proposal 4: Precoded pilot structure is used for UL CLTD.
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