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1 Introduction

At RAN#54 meeting a work item on introduction of MIMO with 64QAM for HSUPA was approved [1]. Since that moment the RAN1 has agreed more than 60% of required core requirements for that WI and expects to finish its work till the end of August 2012. Taking into account the work progress in RAN1, as well as a high work load in RAN4, this contribution includes the list of potential UE core requirements which should be discussed in RAN4 due to introduction of MIMO and 64QAM modulation for HSUPA.
2 Discussion

2.1. UE core requirements for UL MIMO

Due to similar functionalities of UL MIMO and UL CLTD, a lot of already approved UE core requirements for CLTD can be adopted to UL MIMO transmission. The list below presents requirements from TS25.101, potentially impacted by introduction of MIMO for HSUPA, and proposes particular solutions taken directly from UL CLTD [2][3].
1. UE Maximum output power for UL-MIMO
Most likely the same requirements as for UL CLTD should be reused.
2. UE maximum output power with HS-DPCCH and E-DCH for UL-MIMO
Most likely the same requirements as for UL CLTD should be reused.
3. UE Relative code domain power accuracy for UL-MIMO
For UE supporting UL-MIMO, the relative code domain power accuracy specified in sub-clause 6.2.3 applies at each transmit antenna connector.
4. UE Minimum output power for UL-MIMO

For UE supporting UL-MIMO, the minimum controlled output power is defined as the mean power in one time slot at each transmit antenna connector. The minimum output power shall be less than -50 dBm, when the UE power is set to a minimum value.

5. Out-of-synchronization handling of output power for UL-MIMO
For UE supporting UL-MIMO, the minimum requirements specified in sub-clause 6.4.4.1 apply at each transmit antenna connector.
6. UE Transmit OFF power for UL-MIMO

For UE supporting UL-MIMO, the transmit OFF power is defined at each transmit antenna connector as the RRC filtered mean power in a duration of at least one timeslot excluding any transient periods. The requirement for the transmit OFF power at each transmit antenna connector shall be less than -56 dBm when the transmitter is OFF on all transmit connectors.
7. Transmit ON/OFF time mask for UL-MIMO

For UE supporting UL-MIMO, the ON/OFF time mask minimum requirements, except the requirement with PRACH, specified in sub-clause 6.5.2.1 apply at each transmit antenna connector.

8. Change of TFC for UL-MIMO

For UE supporting UL-MIMO, the minimum requirements specified in sub-clause 6.5.3.1 apply at each transmit antenna connector.
9. Power setting in uplink compressed mode for UL MIMO

For UE supporting UL-MIMO, the minimum requirements specified in sub-clause 6.5.4.1 apply at each transmit antenna connector.
10. HS-DPCCH for UL-MIMO
For UE supporting UL-MIMO, the minimum requirements specified in sub-clause 6.5.5.1 apply at each transmit antenna connector.
11. Inner loop power control for UL-MIMO

For UE supporting UL-MIMO, the inner loop power control in the uplink specified in sub-clause 6.4.2.1.1 applies at each transmit antenna connector.

12. UE Relative code domain power accuracy for UL-MIMO

For UE supporting UL-MIMO, the relative code domain power accuracy specified in sub-clause 6.2.3 applies at each transmit antenna connector.

13. Frequency error for UL-MIMO

For UE supporting UL-MIMO, the UE modulated carrier frequency at each transmit antenna connector shall be accurate to within ±0.1 PPM observed over a period of one time slot compared to the carrier frequency received from the Node B. These signals will have an apparent error due to Node B frequency error and Doppler shift. The signals from the Node B must be averaged over sufficient time that errors due to noise or interference are within the above ±0.1PPM figure. The UE shall use the same frequency source for both RF frequency generation and the chip clock.
14. Output RF spectrum emissions for UL-MIMO
14.1. Occupied bandwidth
For UE supporting UL-MIMO, occupied bandwidth requirement is defined per UE. The Occupied Bandwidth for UL-MIMO UE is defined by the following equation where Upper Frequency_1 and Upper Frequency_2 are the upper frequencies at respective antenna connectors and Lower Frequency_1 and Lower Frequency_2 are the lower frequencies at respective antenna connectors:

Occupied Bandwidth = Max(Upper Frequency1, Upper Frequency2) - Min(Lower Frequency1, Lower Frequency2)

The occupied channel bandwidth for UE shall be less than 5 MHz based on a chip rate of 3.84 Mcps.
14.2. Out of band emission

14.2.1. Spectrum emission mask
For UE supporting UL-MIMO, the spectrum emission mask specified in sub-clause 6.6.2.1 applies at each transmit antenna connector.

14.2.2.  Adjacent Channel Leakage Ratio
For UE supporting UL-MIMO, the ACLR requirements specified in sub-clause 6.6.2.2.1 apply at each transmit antenna connector.

14.3. Spurious emission
For UE supporting UL-MIMO, the spurious emission requirements specified in sub-clause 6.6.3.1 applies at each transmit antenna connector.
15. Transmit intermodulation minimum requirements for UL-MIMO
For UE supporting UL-MIMO, the transmit intermodulation requirements specified in sub-clause 6.7.1 applies at each transmit antenna connector.

16. Transmit modulation for UL-MIMO
16.1. Transmit Pulse Shape Filter

For UE supporting UL-MIMO, the transmit pulse shape filter requirements specified in sub-clause 6.8.1 applies at each transmit antenna connector.

16.2. Error Vector Magnitude for
Proposed but not approved yet for UL CLTD: Use the existing requirements for each antenna connector for same transmit power configurations.
16.3. Peak Code Domain Error

Proposed but not approved yet for UL CLTD: Use the existing requirements for each antenna connector for same transmit power configurations.
16.4. Relative code domain error

Proposed but not approved yet for UL CLTD: Use the existing requirements for each antenna connector for same transmit power configurations.
16.5. Phase discontinuity for uplink DPCH

16.6. Phase discontinuity for HS-DPCCH

16.7. Phase discontinuity for E-DCH

Phase discontinuity requirements should be adopted as for the UL CLTD mode (either “per Antenna” or “per UE”).
17. Time alignment error for UL-MIMO

For UE(s) with multiple transmit antenna connectors supporting UL-MIMO, this requirement applies to frame timing differences between transmissions on multiple transmit antenna connectors in the closed-loop spatial multiplexing scheme.

The time alignment error (TAE) is defined as the average frame timing difference between any two transmissions on different transmit antenna connectors.
17.1. Minimum Requirements

Time Alignment Error (TAE) value of 0.4 Tc agreed for UL CLTD may not be sufficient for high rate operation in UL MIMO. Fixed alignment error will correspond to a fixed SINR degradation that may not be appropriate for all operation modes. TAE is to be specified for UL MIMO by RAN4.
2.2. UE core requirements for 64QAM

Regarding new modulation type for UL transmission, the following requirements from TS25.101 may be impacted:
18. UE Relative code domain power accuracy (64QAM)

19. Error Vector Magnitude (64QAM)

20. Relative Carrier Leakage Power (64QAM)

21. Relative code domain error (64QAM)
Changes will be required to introduce more stringent Error Vector Magnitude (EVM) requirements for 64QAM modulation. Corresponding changes will need to be added to Section 6.8.2 to add minimum requirements for 64QAM transmissions. Relative code domain error requirements in Section 6.8.3a (that are part of the EVM requirements in Section 6.8.2) will also need to be extended to include requirements when 64QAM is used in the uplink channel.

2.3. NodeB core requirements for UL-MIMO (TS25.104)
From NodeB point of view, an introduction of MIMO for HSUPA may require a set of correlation matrices defining the correlation between the UE and NodeB antennas in case of multi-antenna systems.
3 Conclusion 
This document discuses the impact of MIMO with 64QAM for HSUPA on UE and NodeB core requirements. Most of the identified requirements apply to UE in connection with UL MIMO and only a few of them are relevant for 64QAM introduction. As mentioned above, the strong similarity between UL-MIMO and UL CLTD allows for sharing most of the agreed requirements between these two features. For those CLTD requirements which are still open, we propose to review them also from UL MIMO point of view, to minimize the RAN4 work effort. Regarding other remaining requirements, including 64QAM for UE as well as NodeB relevant requirements, we would like to welcome interested companies to study on these areas to speed up the RAN4 progress.
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