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1 Introduction

At RAN#54 meeting a work item on introduction of MIMO with 64QAM for HSUPA was approved [1]. Most of the relevant UE core requirements were already agreed at RAN4#64-Bis meeting on the basis of [2]. This contribution discusses remaining UE core requirements relevant from HSUPA MIMO point of view.
2 Discussion

UE core requirements listed in sub-clauses 2.1 – 2.4 have to be closed for HSUPA MIMO at RAN4#64 meeting.

2.1 UE maximum output power with HS-DPCCH and E-DCH for UL-MIMO
The MPR requirement for UL CLTD activation state 1 has been discussed in RAN4 but the final decision has not been made yet. There are basically two different positions. The first one presented in document [3] proposes that: 
“For UE with two active transmit antenna connectors in CLTD activation state 1, no Maximum Power Reduction (MPR) for the nominal maximum output power is applied at each transmit antenna connector.”

 The second one from [4] proposes that: 

“For CLTD activation state 1, apply the existing MPR. The amount of applied back-off on each antenna shall be the same. Add a note stating that the CM is measured per antenna.”

According to agreed UE baseline architecture, the first proposal seems to be more reasonable. The same solution we propose for UL MIMO.
2.2 Transmit modulation for UL-MIMO
The following transmit modulation requirements are proposed for UL MIMO:
Error Vector Magnitude (as a text proposal for TS25.101)
When 16QAM modulation is not used on any of the uplink code channels, the Error Vector Magnitude shall not exceed 17.5 % for the parameters specified in Table 6.15AC at each transmit antenna connector. 

When 16QAM modulation is used on any of the uplink code channels, the modulation accuracy requirement shall meet one or both of the following requirements:

1.
The Error Vector Magnitude does not exceed 14 % for the parameters specified in Table 6.15 AB at each transmit antenna connector. 

2.
The Relative Code Domain Error requirements specified in 6.8.3a are met at each transmit antenna connector. 

The requirements are applicable for all values of βc, βsc, βd, βhs, βec, βsec, βed and βsed as specified in [8].
Table 6.15AC: Parameters for Error Vector Magnitude for UL MIMO
	Parameter
	Unit
	Level

	UE Output Power, no 16QAM
	dBm
	( -20

	UE Output Power, 16QAM
	dBm
	( -30

	Operating conditions
	
	Normal conditions

	Power control step size
	dB
	1

	Measurement period
(Note 1)
	Any DPCH
	Chips
	From 1280 to 2560
(Note 2)

	Note 1:
Less any 25μs transient periods

Note 2:
The longest period over which the nominal power remains constant


When 16QAM modulation is used on any of the uplink code channels, the relative carrier leakage power (IQ origin offset power) shall not exceed the values specified in Table 6.15a at each transmit antenna connector.
Phase discontinuity for uplink DPCH (as a text proposal for TS25.101)
For UE with two active transmit antenna connectors in UL MIMO operation, the rate of occurrence of any phase discontinuity on an uplink DPCH for the parameters specified in table 6.16 shall not exceed the values specified in table 6.17 for each transmit antenna connector. Phase shifts that are caused by changes of the compressed mode and HS-DPCCH are not included. When calculating the phase discontinuity, the requirements for frequency error and EVM in subclauses 6.3C and 6.8.2 for each timeslot shall be met.
Phase discontinuity for HS-DPCCH (as a text proposal for TS25.101)
For UE with two active transmit antenna connectors in UL MIMO operation, the phase discontinuity for HS-DPCCH shall not exceed the value specified in table 6.18 90% of the time for each transmit antenna connector. When calculating the phase discontinuity, the requirements for frequency error and EVM in sub clauses 6.3C and 6.8.2, respectively shall be met.
Phase discontinuity for E-DCH (as a text proposal for TS25.101)
For UE configured in UL MIMO operation, phase discontinuity for E-DCH is the change in phase due to the transmission of DPCCH, S-DPCCH, HS-DPCCH, E-DPCCH, S-E-DPCCH and E-DCH with the combined transmit power profile as defined in Table 6.19B. The phase discontinuity for E-DCH result is defined as the difference between the absolute phase used to calculate the EVM for the preceding timeslot, and the absolute phase used to calculate the EVM for the succeeding timeslot.

Table 6.19B Transmit power profile for E-DCH phase discontinuity test
	Slot Number
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	1
	15/15
	19/15
	19/15
	21/15
	DTX

	2
	15/15
	19/15
	19/15
	21/15
	24/15

	3
	15/15
	19/15
	19/15
	21/15
	24/15

	4
	15/15
	19/15
	19/15
	42/15
	30/15

	5
	15/15
	19/15
	19/15
	42/15
	DTX

	6
	15/15
	19/15
	19/15
	42/15
	DTX

	7
	15/15
	19/15
	19/15
	60/15
	DTX

	8
	15/15
	19/15
	19/15
	60/15
	24/15

	9
	15/15
	19/15
	19/15
	60/15
	24/15

	10
	15/15
	19/15
	19/15
	30/15
	DTX

	11
	15/15
	19/15
	19/15
	30/15
	DTX

	12
	15/15
	19/15
	19/15
	30/15
	DTX

	13
	15/15
	19/15
	19/15
	21/15
	30/15

	14
	15/15
	19/15
	19/15
	21/15
	24/15

	15
	15/15
	19/15
	19/15
	21/15
	24/15

	16
	15/15
	19/15
	19/15
	30/15
	DTX

	17
	15/15
	19/15
	19/15
	30/15
	DTX

	18
	15/15
	19/15
	19/15
	30/15
	DTX

	19
	15/15
	19/15
	19/15
	21/15
	

	20
	15/15
	19/15
	19/15
	21/15
	

	21
	15/15
	19/15
	19/15
	21/15
	

	22
	15/15
	19/15
	19/15
	42/15
	

	23
	15/15
	19/15
	19/15
	42/15
	

	24
	15/15
	19/15
	19/15
	42/15
	

	
	Note 1:
E-DCH power profile has a period of 24 slots and will be repeated every 24 slots.

Note 2:
HS-DPCCH power profile has a period of 18 slots and will be repeated every 18 slots.

Note 3:
The total combined power profile has a period of 72 slots and will be repeated every 72 slots.

Note 4:
Power control will be turned off so that DPCCH power is kept constant for a specific run of the test.




Minimum requirement

For UE with two active transmit antenna connectors in UL MIMO operation, when transmitting according to the power profile specified in Table 6.19B, the phase discontinuity for E-DCH shall not exceed the value specified in table 6.20 for the specified amount of time in table 6.20 for each transmit antenna connector. The requirement applies for the range of DPCCH powers according to table 6.20. When calculating the phase discontinuity, the requirements for frequency error and EVM in sub clauses 6.3C and 6.8.2, respectively shall be met.
2.3 HS-DPCCH for UL-MIMO (as a text proposal for TS25.101)
The nominal sum power on DPCCH+S-DPCCH+DPDCH is independent of the transmission of Ack/Nack and CQI unless the UE output power when Ack/Nack or CQI is transmitted would exceed the maximum value specified in Table 6.1A or fall below the value specified in 6.4.3.1, whereupon the UE shall apply additional scaling to the total transmit power as defined in section 5.1.2.6 of TS.25.214 [8].

The composite transmitted power (DPCCH + S-DPCCH + DPDCH+HS-DPCCH) may then also be rounded to the closest integer dB value. If rounding is done a power step exactly half-way between two integer values shall be rounded to the closest integer of greater magnitude. 

The nominal power step due to transmission of Ack/Nack or CQI is defined as the difference between the nominal mean powers of two power evaluation periods either side of an HS-DPCCH boundary. The first evaluation period starts 25(s after a DPCCH slot boundary and ends 25(s before the following HS-DPCCH slot boundary. The second evaluation period starts 25(s after the same HS-DPCCH slot boundary and ends 25(s before the following DPCCH slot boundary. 

The tolerance of the power step due to transmission of the HS-DPCCH shall meet the requirements in table 6.9A at each transmit antenna connector.

2.4 Time alignment error for UL-MIMO (as a text proposal for TS25.101)
For UE with two active transmit antenna connectors in UL MIMO operation, the signals transmitted in the two antenna connectors shall be aligned. The time alignment error in UL MIMO transmission is specified as the delay between the signals from two antenna connectors.

Minimum requirement
The time alignment error shall not exceed 0.4Tc.
Unlike for UL CLTD, the following UE core requirements should not be considered for HSUPA MIMO because they are applicable for uplink DPDCH transmission which is not supported in UL MIMO mode.
· Transmit modulation
· Peak Code Domain Error
· Change of TFC
· Power setting in uplink compressed mode
Proposal: For HSUPA MIMO agree the UE core requirements presented in sub-clause 2.2 – 2.4. For MPR the same requirement as for UL CLTD activation state 1 should be applicable.
3 Conclusion 

This contribution discusses UE core requirements which have to be agreed at RAN4#65 meeting to have the WI completed on time. For these requirements the following is proposed to be approved:
Proposal: For HSUPA MIMO agree the UE core requirements presented in sub-clause 2.2 – 2.4. For MPR the same requirement as for UL CLTD activation state 1 should be applicable.
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