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1 Introduction

At RAN#54 meeting a work item on introduction of MIMO with 64QAM for HSUPA was approved [1]. At RAN4#64 meeting a list of connected RF core requirements was presented in [2] and [3]. According to the analysis from [2], most of the relevant UE core requirements can be adopted directly from UL CLTD. This contribution includes the list of requirements agreed already for UL CLTD and relevant also from UL MIMO transmission point of view.
2 Discussion

It has been discussed during RAN4#64 that many of already approved UE core requirements for UL CLTD can be adopted directly to UL MIMO transmission, due to similar functionalities of UL MIMO and UL CLTD. The list below presents requirements from TS25.101, relevant for HSUPA MIMO, with particular solutions taken directly from UL CLTD activation state 1 [4][5].
1. UE Relative code domain power accuracy for UL-MIMO
For UE supporting UL-MIMO, the relative code domain power accuracy specified in TS25.101 sub-clause 6.2.3 applies at each transmit antenna connector.
2. 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.

3. Out-of-synchronization handling of output power for UL-MIMO
For UE supporting UL-MIMO, the minimum requirements specified in TS25.101 sub-clause 6.4.4.1 apply at each transmit antenna connector.
4. 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.
5. Transmit ON/OFF time mask for UL-MIMO

For UE supporting UL-MIMO, the ON/OFF time mask minimum requirements specified in TS25.101 sub-clause 6.5.2.1, except the requirement with PRACH, apply at each transmit antenna connector.

6. Change of TFC for UL-MIMO

For UE supporting UL-MIMO, the minimum requirements specified in TS25.101 sub-clause 6.5.3.1 apply at each transmit antenna connector.
7. Power setting in uplink compressed mode for UL MIMO

For UE supporting UL-MIMO, the minimum requirements specified in TS25.101 sub-clause 6.5.4.1 apply at each transmit antenna connector.
8. HS-DPCCH for UL-MIMO
For UE supporting UL-MIMO, the minimum requirements specified in TS25.101 sub-clause 6.5.5.1 apply at each transmit antenna connector.
9. Inner loop power control for UL-MIMO

For UE supporting UL-MIMO, the inner loop power control in the uplink specified in TS25.101 sub-clause 6.4.2.1.1 applies at each transmit antenna connector.

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

For UE supporting UL-MIMO, the relative code domain power accuracy specified in TS25.101 sub-clause 6.2.3 applies at each transmit antenna connector.

11. 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.
12. Output RF spectrum emissions for UL-MIMO
12.1. 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.
12.2. Out of band emission

12.2.1. Spectrum emission mask
For UE supporting UL-MIMO, the spectrum emission mask specified in TS25.101 sub-clause 6.6.2.1 applies at each transmit antenna connector.

12.2.2.  Adjacent Channel Leakage Ratio
For UE supporting UL-MIMO, the ACLR requirements specified in TS25.101 sub-clause 6.6.2.2.1 apply at each transmit antenna connector.

12.3. Spurious emission
For UE supporting UL-MIMO, the spurious emission requirements specified TS25.101 in sub-clause 6.6.3.1 applies at each transmit antenna connector.
13. Transmit intermodulation minimum requirements for UL-MIMO
For UE supporting UL-MIMO, the transmit intermodulation requirements specified in TS25.101 sub-clause 6.7.1 applies at each transmit antenna connector.

14. Transmit modulation for UL-MIMO
14.1. Transmit Pulse Shape Filter

For UE supporting UL-MIMO, the transmit pulse shape filter requirements specified in TS25.101 sub-clause 6.8.1 applies at each transmit antenna connector.

14.2. Relative code domain error

For UE supporting UL-MIMO, the relative code domain error requirements specified in TS25.101 sub-clause 6.8.3a.1.1 apply at each transmit antenna connector.
3 Conclusion 
This document discusses the impact of MIMO for HSUPA on UE RF core requirements. As mentioned above, the strong similarity between UL MIMO and UL CLTD allows for sharing most of the agreed requirements between these two features. Because of that it is proposed to apply to UL MIMO transmission for HSPA, the requirements listed below.
Proposal 1: For UE supporting UL-MIMO, the relative code domain power accuracy specified in TS25.101 sub-clause 6.2.3 applies at each transmit antenna connector.
Proposal 2: 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.
Proposal 3: For UE supporting UL-MIMO, the minimum requirements for out-of-synchronization handling of output power specified in TS25.101 sub-clause 6.4.4.1 apply at each transmit antenna connector.
Proposal 4: 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.

Proposal 5: For UE supporting UL-MIMO, the ON/OFF time mask minimum requirements specified in TS25.101 sub-clause 6.5.2.1, except the requirement with PRACH, apply at each transmit antenna connector.
Proposal 6: For UE supporting UL-MIMO, the minimum requirements for change of TFC specified in TS25.101 sub-clause 6.5.3.1 apply at each transmit antenna connector.
Proposal 7: For UE supporting UL-MIMO, the minimum requirements for power setting in uplink compressed mode specified in TS25.101 sub-clause 6.5.4.1 apply at each transmit antenna connector.
Proposal 8: For UE supporting UL-MIMO, the HS-DPCCH minimum requirements specified in TS25.101 sub-clause 6.5.5.1 apply at each transmit antenna connector.
Proposal 9: For UE supporting UL-MIMO, the inner loop power control in the uplink specified in TS25.101 sub-clause 6.4.2.1.1 applies at each transmit antenna connector.
Proposal 10: For UE supporting UL-MIMO, the relative code domain power accuracy specified in TS25.101 sub-clause 6.2.3 applies at each transmit antenna connector.
Proposal 11: 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.
Proposal 12: 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.
Proposal 13: For UE supporting UL-MIMO, the spectrum emission mask specified in TS25.101 sub-clause 6.6.2.1 applies at each transmit antenna connector.
Proposal 14: For UE supporting UL-MIMO, the ACLR requirements specified in TS25.101 sub-clause 6.6.2.2.1 apply at each transmit antenna connector.
Proposal 15: For UE supporting UL-MIMO, the spurious emission requirements specified TS25.101 in sub-clause 6.6.3.1 applies at each transmit antenna connector.
Proposal 16: For UE supporting UL-MIMO, the transmit intermodulation requirements specified in TS25.101 sub-clause 6.7.1 applies at each transmit antenna connector.
Proposal 17: For UE supporting UL-MIMO, the transmit pulse shape filter requirements specified in TS25.101 sub-clause 6.8.1 applies at each transmit antenna connector.
Proposal 18: For UE supporting UL-MIMO, the relative code domain error requirements specified in TS25.101 sub-clause 6.8.3a.1.1 apply at each transmit antenna connector.
 Regarding other remaining UE RF core requirements, important from this WI point of view, an appropriate analysis and proposals are presented in document [6].
Reference

[1] RP-111642, “MIMO with 64QAM for HSUPA”, Nokia Siemens Networks
[2] R4-124352, “Impact of MIMO with 64QAM for HSUPA introduction on UE and BS core requirements”, Nokia Siemens Networks
[3] R4-124212, “Overview of the core requirements for MIMO with 64QAM for HSUPA”, Ericsson, ST-Ericsson
[4] R4-121692, “Remaining core requirements”, Huawei, HiSilicon, Magnolia Broadband
[5] R4-121695, “Required change to TS25.101 due to introduction of CLTD”, Huawei, Hisilicon
[6] R4-125548, “Remaining RF core requirements due to introduction of MIMO with 64QAM for HSUPA”, Nokia Siemens Networks
