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1 Introduction
A study item on UL MIMO operations has concluded in Release 11 and concluded that “UL MIMO offers promising throughput gains for HSPA”  and further that “UL MIMO is not considered to be an excessively complex feature to specify or to implement” (see [1]).  At the last RAN plenary, a WI on UL MIMO with 64QAM for HSUPA was approved [2].  The RAN1-related objectives of the Work Item may be summarized as follows:
· Specification of uplink 2x2 MIMO together with 64QAM modulation for E-DCH/HSUPA:
a. Specification of L1 aspects of uplink 2x2 MIMO with 64QAM HSUPA, including applicable channel, code and gain factor combinations
…
e. Existing functionality should be re-used unless non-re-use can be justified by clear benefits.
· MIMO and 64QAM shall be operable together
· The functional specification should not preclude operating MIMO with lower modulation orders than 64QAM
· The functional specification should not preclude operating 64QAM without MIMO
In this contribution, we discuss some possible design choices for UL MIMO transmission structures and discuss the various architecture options to be considered in the design.
2 Discussion
The transmitter structure for UL MIMO is discussed in Section 2.1.  Section 2.2 discusses the general architecture for UL MIMO operations.
2.1 UL MIMO Transmitter structure
During the SI work, RAN1 has identified a number of design objectives for UL MIMO.  Of particular interest to the transmitter structure, the following objectives were listed in the TR:
· Commonality with UL CLTD;
· Minimize impact to UE and NodeB implementation to accommodate UL MIMO.
A transmitter structure which minimizes the changes relative to UL CLTD, and was widely used during the SI is shown in Figure 1. 
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Figure 1: UL MIMO baseline transmitter structure
2.1.1 Power control
In UL CLTD operations, a single power control loop is used.  As it was discussed during the SI, a single power control loop solution is also preferable for UL MIMO operations: since the secondary stream may be much weaker than the primary stream, this option avoids the UE transmitting excessive power on the weak stream.  This is further aligned with UL CLTD procedures and thus:

Proposal 1: 
A single-power control loop solution is adopted for UL MIMO.

2.1.2 Mapping of secondary E-DPDCH 
As it can be observed, with the exception of the S-E-DPCCH (which may also be transmitted on the primary stream) and S-E-DPDCH, this baseline UL MIMO transmitter structure is identical to the UL CLTD transmitter structure.  Thus to follow the UL CLTD design, it makes sense that for dual-stream operation the S-E-DPDCH is transmitted on the same precoding weight as the S-DPCCH.
Proposal 2:
The S-E-DPDCH is transmitted on the same precoding weight than the S-DPCCH. 
2.1.3 Mapping of the S-E-DPCCH
Depending on the architecture chosen for UL MIMO operations (see Section 2.2); there may be a need for a secondary E-DPCCH, at least to indicate the secondary stream RSN and TBS information.  As it was discussed during the SI work, this channel could be mapped to either the primary or secondary stream.  

Here are some considerations for the various options:

· S-E-DPCCH on primary stream:

· S-E-DPCCH would be more reliable if it was transmitted on the primary stream since only the primary steam is power controlled and thus the quality on the secondary stream may not be reliable.
· Enhanced phase reference on the secondary in this case could be provided by the S-DPCCH, as it is already the case for UL CLTD (existing functionality).
· S-E-DPCCH on secondary stream:

· The enhanced phase reference in this case can be provided by the S-DPCCH only, the S-E-DPCCH only or a combination of both.

Additional considerations should also be taken into account such as cubic metric (CM) analysis although in practice it may not be a decisive factor as dual-stream may only be used with large E-DPDCH powers making the contribution of the S-E-DPCCH to the CM small.
In view of the above discussion, and considering the existing S-DPCCH boosting functionality already introduced in the specifications, it would appears more natural to map the S-E-DPCCH (if needed) to the primary stream.  However further analysis/studies are needed before a final decision should be made.
2.2 UL MIMO Architecture
During the study item phase, RAN1 has found that the throughput gain obtained from 2x2 UL MIMO over SIMO operations at high SNR varies from approximately 20% to 40%, depending on the company and simulation assumptions.  These gains increase well above 40% in the case of 2x4 UL MIMO.
RAN1 has identified three main candidate UL MIMO architectures, which we summarize here for convenience:

· Option I :

· Single transport block (TB) rank-2 transmission;

· Option II

· Dual TB rank-2 transmission;

· TBs independently transmitted over the two streams;

· Adaptation of the secondary stream;

· Dual ACK/NACK

· Option III;

· Dual TB rank-2 transmission;

· TBs interleaved over the two stream;

· No adaptation of secondary stream;

· Dual ACK/NACK.

The performance and characteristics of these UL MIMO architecture candidates have been studied during the SI phase and the results are documented in the TR [1].  
At a high-level, these architectures differ by the number of transport block carried (Option I vs. Options II and III), the number of transport blocks ACKed/NACKed (Option I vs. Option II and III) and whether or not the secondary stream rate is controlled, that is whether the UE operates in open loop or closed loop mode with respect to the secondary stream (Options I and III vs. Option II).  We discuss these aspects separately in the following.

2.2.1 Number of concurrent TB (1 vs. 2 TB)

One important design decision for UL MIMO operations relates to the number of simultaneous TB the UE can transmit.  The UE architecture in Option I assumes a single transport block while the architectures in Options II and III assume two transport blocks.  Since the main difference between Option I and Option III is not the number of TB as much as the fact that Option III provides ACK/NACK support for each TB, while Option I only supports a single ACK/NACK.  

In practice single TB solutions would require larger transport block sizes (TBS) to support the UL MIMO rates.  Further, in the context of 64QAM with MIMO, up to 6 new tables would need to be defined (2 for UL MIMO only, 2 for 64QAM UL single-stream and 2 more for 64QAM+UL MIMO).  As an alternative, we note that Option I can also be implemented using two transport blocks, which could be jointly ACK/NACKed.  In this scenario, a single new set of E-DCH TBS tables would be needed to support 64QAM.

In summary, the dual transport block solution is advantageous since:

· All the candidate UL MIMO architectures can be implemented using dual transport blocks; and

· The dual transport block solution requires only one additional set of E-DCH TBS tables.

Proposal 3: 
Adopt a dual transport block architecture with up to two concurrent TB.
2.2.2 Feedback and overhead considerations
In UL MIMO operations, only the NodeB has knowledge of the channel characteristics and interference levels.  Thus the NodeB should control the UL MIMO operations to ensure effective usage of the spectrum.  In practice, in addition to the UE transmitted power (via the grant), the NodeB should also be able to control the UE rank (for open-loop and closed-loop operations) and the secondary stream data rate (for closed-loop operations).  Since two TBs may be transmitted at the same time, the NodeB may further provide a second E-HICH for independent  ACK/NACK.  Since these control channels can be considered overhead and require downlink resources, it is relevant for RAN1 to study the need / requirements.  In the following we analyze at a high-level each aspect individually.
Independent ACK/NACK control
In view of the discussion in the previous Section, we observe then that the difference between Option I implemented with two TB and Option III resides in the support for individual ACK/NACK.  Option III as implemented and tested in the SI phase provides each TB with an independent ACK/NACK.  Clearly this approach increases the amount of downlink feedback (e.g. on the E-HICH).  
Simulations in the TR have shown that most of the gain for 2x2 UL MIMO occurs when the Rx Ec/No is at 10dB or above (see e.g. Table 8.2 in [1]).  At such high level, the UE is close to the cell-center and the overhead associated with an extra E-HICH may not be that significant.  It could be further argued that in typical situation the UE operating in dual-stream mode would not be in handover to another NodeB, reducing further the overhead associated to a second E-HICH.
Table 1 compares the performance difference between Option I and Option III.  The results are obtained from Table 8.11 and Table 8.17 of the TR for PA3, and Table 8.12 and Table 8.18 for VA3.  As it can be observed, on its own, per TB or independent ACK/NACK provides some small gains (between 1% and 7%), mostly at large Rx Ec/No. 
Table 1: UL MIMO (2x2) Throughput Gain of Option III over Option I
	Channel
	Average Rx Ec/No

	
	5dB
	10dB
	15dB
	20dB

	PA3
	-2%
	0%
	3%
	1%

	VA3
	-1%
	-6%
	5%
	7%


Secondary stream control
The analysis can be further extended to study the performance gain related to controlling the secondary stream rate only.  This can be achieved by measuring the gain of Option II over Option III, as both architectures have two TB which are ACK/NACKed independently (although Option I further interleaves the layers).  The results, also obtained from Table 8.2 and Table 8.11 of the TR for PA3, and Table 8.3 and Table 8.18 for VA3, are shown in Table 2.  The results from the TR show that there are substantial gains (in the order of approximately 5% to 15%) obtained from controlling the rate of the secondary stream in the context of independent ACK/NACK.  
Table 2: Gain of Option II over Option III

	Channel
	Average Rx Ec/No

	
	5dB
	10dB
	15dB
	20dB

	PA3
	4%
	14%
	13%
	13%

	VA3
	1%
	16%
	7%
	5%


Adding a control channel for the secondary stream clearly increases the downlink signaling overhead.  While the requirements on the downlink signaling still need to be studied, we observe that in most practical scenarios for UL MIMO operations the UE would be close to the NodeB and any control signal in practice may not require a large portion of power.  
We also note that most of the simulation results in the TR (showing gains in the order of 20%-40% over single-stream operations) were performed with dual transport blocks independently ACK/NACKed and rate control on the secondary stream (i.e. Option II).

Rank control
We finally note that for the open-loop operations (Options I and III), adaptive rank would also be needed and that would require also some downlink control signaling.  For Option II, we note that such a control may be provided implicitly by setting the data rate of secondary stream to 0.  

The actual requirements for the channel would of course need to be studied.

Feedback considerations summary
The choice of UL MIMO architecture dictates the amount of feedback and overhead required.  The open-loop solutions (Options I and III) require the least amount of feedback and overhead, namely a rank indication.  There seems to be little motivation to have independent ACK/NACK in this case, however.  The close loop solution (Option II) requires an additional control signal for the secondary stream in addition to the additional E-HICH for independent ACK/NACK; however the potential gains may justify the overhead, particularly when considering that the MIMO UEs will be operating close to the NodeB.
2.2.3 Summary of the Architecture options
Table 3 summarizes the various aspects of the open-loop vs. close-loop architecture options.  We note that the increase of complexity from the UE side seems to be mostly due to the increase of data rate; this increase in rate is in the same order as DC-HSUPA (when considering 16QAM).  For the NodeB, the complexity increase not only comes from the increase in data rate but also in the MIMO detection in the receiver.  Overall we note that the implementation complexity should be relatively the same regardless of the architecture.
Table 3: Summary of Architecture options
	Architecture option
	UL MIMO (2x2) Performance gain over SIMO
	UE Complexity
	NodeB Complexity
	Overhead

	Option I/III:
Open-loop operation with joint or independent ACK/NACK 
	Limited gain

In the order of 25%
	Medium
To handle larger data rates
	Medium
MIMO detection and larger UL data rates
	Low 
Rank DL control needed

	Option II:

Closed-loop operations with independent  ACK/NACK


	Large gains
In the order of 40%
	Medium
To handle larger data rates
	Medium
MIMO detection and larger UL data rates
	Medium
Secondary stream DL control needed;
Second E-HICH.


3 Conclusion

In this contribution, we have discussed a number of aspects related to UL MIMO transmission structure and overall architecture.  We further make the following proposals:
Proposal 1: 
A single-power control loop solution is adopted for UL MIMO.

Proposal 2:
The S-E-DPDCH is transmitted on the same precoding weight than the S-DPCCH. 

Proposal 3: 
Adopt a dual transport block architecture with up to two concurrent TB.
We also provide a high level analysis of the feedback and overhead considerations regarding the choice of architecture options of open-loop operation or closed-loop and summarize our observations in Table 3, above. 
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