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1. Introduction
The work item on MIMO with 64QAM operation for HSUPA was approved in RAN #54 in RP-111642.

The objective of this work item is to specify the support of uplink 2x2MIMO with 64QAM as an additional uplink modulation scheme for HSUPA in FDD, including:
· 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

· The new UE categories to be introduced shall include at least a category for simultaneous MIMO and 64QAM operation

a. Other UE categories (16QAM MIMO, QPSK MIMO, 64QAM no-MIMO) should be discussed during the WI
1.1 Similarities between CLTD and UL MIMO
As described in the TR 25.871 there is a strong correlation between UL CLTD and UL MIMO, and due to this reason we can reuse most of the core requirements already discussed for CLTD. With the exception of some requirements, which will be affected by the introduction of the new 64QAM modulation, most of he other requirements can be reused.

Two orthogonal precoding vectors are used for the two spatial streams, as in the case of DL MIMO and UL CLTD. For CLTD, a channel-sounding pilot is transmitted on each spatial stream, but the data channel is transmitted only on the primary stream. For MIMO, data are also sent on the secondary stream. Similar pilot and data channel structures are used for UL MIMO, and the UE can readily fall back to CLTD by turning off the data transmission on the secondary stream.

The precoders to be used at the UE are indicated by the NodeB on the downlink and are chosen from a precoder codebook.
During the last period several important requirements for CLTD were agreed [1]:

RAN4 has agreed on choosing 2 full power PAs as a baseline UE reference architecture for the derivation of CLTD core requirements. Also, 23 dBm nominal maximum output power is required in any CLTD activation state. There is still one open issue in Maximum Power Reduction (MPR)
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Figure 1 - Closed Loop Transmit Diversity - Activation State 1 – Physical Channel Layout
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Figure 2 – UL-MIMO 64QAM Physical Channel Layout
2. Overview of the UE core requirements

We do not foresee any significant impact in conjunction with introduction of MIMO with 64QAM for HSUPA for the UE receiver core requirements.

The UE transmitter core requirements in TS 25.101 are impacted as follows (the ones that are not listed are not impacted):

6
Transmitter characteristics
6.2.1
UE maximum output power
Reuse CLTD Activation State 1. The nominal transmit power is defined by the sum of the transmit power at each antenna connector.
6.2.2
UE maximum output, power with HS-DPCCH and E-DCH
Cubic metric (CM) and Maximum power reduction (MPR) will be affected by the new modulation (64QAM) and introduction of Rank 2 transmissions. It needs to be investigated whether or not new requirements are needed.
6.2.3
UE Relative code domain power accuracy
Reuse CLTD Activation State 1. The relative code domain power accuracy specified in subclause 6.2.3 applies at each antenna connector.

For 64QAM new requirement is needed.

6.3
Frequency Error
Reuse CLTD Activation State 1. Curent proposal for CLTD is that modulated carrier frequency at each antenna connector shall have an accuracy of 0.1 ppm over a period of one timeslot. Details can eventually be refined for CLTD, but we do not see any obstacle applying the same requirement for UL MIMO.
6.4.2 Inner loop power control in the uplink
Existing requirements shall apply at each antenna connector.

6.4.3 Minimum Output power

Reuse CLTD Activation State 1. The requirements specified in 6.4.3 shall apply at each antenna connector, when the UE power is set to a minimum value.
6.4.4
Out-of-synchronization handling of output power
Reuse CLTD Activation State 1. The requirements specified in 6.4.4.1 shall apply at each antenna connector, when the UE power is set to a minimum value.
6.5
Transmit ON/OFF power
Reuse CLTD Activation State 1. The requirements specified in 6.5.1.1 shall apply at each antenna connector, when the transmitter is off on both antenna connectors.
6.5.2
Transmit ON/OFF Time mask
Reuse CLTD Activation State 1. The requirements specified in 6.5.2.1, except the PRACH, shall apply at each antenna connector.
6.5.3
Change of TFC
Reuse CLTD Activation State 1. Details are currently discussed for CLTD, but we do not see any obstacle applying the same requirement for UL MIMO.

6.5.4
Power setting in uplink compressed mode
Reuse CLTD Activation State 1.

6.5.5
HS-DPCCH
Reuse CLTD Activation State 1.

6.6.1
Occupied bandwidth
Reuse CLTD Activation State 1.

6.6.2.1
Spectrum emission mask
Reuse CLTD Activation State 1. The requirements specified in 6.6.2.1, shall apply at each antenna connector.
6.6.2.2
Adjacent Channel Leakage power Ratio (ACLR)
Reuse CLTD Activation State 1. The requirements specified in 6.6.2.2.1, shall apply at each antenna connector.
6.6.3
Spurious emissions
Reuse CLTD Activation State 1. The requirements specified in 6.6.3.1, shall apply at each antenna connector.
6.7
Transmit intermodulation
Reuse CLTD Activation State 1. The requirements specified in 6.7.1, shall apply at each antenna connector.
6.8.1
Transmit pulse shape filter
Reuse CLTD Activation State 1. The requirements specified in 6.8.1, shall apply at each antenna connector.
6.8.2
Error Vector Magnitude
Reuse CLTD Activation State 1 for UL MIMO. The requirements specified in 6.8.2.1, except the PRACH, shall apply at each antenna connector.
For 64QAM modulation a new requirement is needed.

6.8.3a
Relative code domain error
Reuse CLTD Activation State 1 for UL MIMO. The requirements specified in 6.8.3a.1.1, shall apply at each antenna connector.

For 64QAM modulation a new requirement is needed.

6.8.4
Phase discontinuity for uplink DPCH
Reuse CLTD Activation State 1. The requirements specified in 6.8.4.1, shall apply at each antenna connector.
6.8.5
Phase discontinuity for HS-DPCCH
Reuse CLTD Activation State 1. The requirements specified in 6.8.5.1, shall apply at each antenna connector.
6.8.6
Phase discontinuity for E-DCH
Reuse CLTD Activation State 1. The requirements specified in 6.8.6.1, shall apply at each antenna connector.
6.8.7
Time alignment error for DC-HSUPA
Reuse CLTD Activation State 1. The time alignment error shall not exceed [0.4]Tc.
6.8.x
Relative Phase Discontinuity
Ongoing discussion for CLTD. New requirement is needed for MIMO. 
3. Overview of the BS core requirements

We do not foresee any significant impact in conjunction with introduction of MIMO with 64QAM for HSUPA for the BS core requirements.

4. Conclusions
We do not foresee any significant impact in conjunction with introduction of MIMO with 64QAM for HSUPA for the UE receiver core requirements, and BS core requirements.

The impact on UE transmitter core requirements is detailed and a few proposals necessary for speeding up the work are outlined. 
5. Proposed Way Forward

We propose to prioritize the requirements for UL MIMO without 64QAM and deliver the results under the  Rel-11 timeframe. The requirements related to the 64QAM modulation we shall consider for a future release.
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