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1 Introduction

At RAN#54 meeting a work item on introduction of MIMO with 64QAM for HSUPA was approved [1]. As discussed during RAN4#64 meeting and presented in contribution [2] and [3], most of the relevant UE core requirements can be adopted directly from UL CLTD because of the strong similarity between both features. Some of the requirements, which have not been agreed yet for CLTD, remain open also for MIMO. This contribution discusses these requirements as well as other UE and BS core requirements relevant from MIMO with 64QAM for HSUPA work item point of view.
2 Discussion

2.1. UE core requirements for MIMO HSUPA
As already mentioned, most of the UE core requirements for UL MIMO can be directly adopted from UL CLTD activation state 1. In contribution [3] it has been presented the list of UE core requirements which may be impacted by introduction of UL MIMO and for most of them there were proposed particular solutions agreed already for UL CLTD. Because discussion on some remaining UE core requirements for UL CLTD is still ongoing, these requirements are open also for UL MIMO. It is expected that after approval also these remaining requirements will be valid for both WIs. It seems to be beneficial, from time frame perspective, to assume that each relevant UE core requirement which will be agreed for UL CLTD activation state 1, will apply also to UL MIMO.
Proposal 1: Initially consider applying of remaining UE core requirements to UL MIMO after they are agreed for UL CLTD activation state 1. Before applying, it should be checked if agreed requirements are fully correct for UL MIMO.
The list below includes identified UE core requirements which remain open for UL MIMO and proposes particular solutions discussed partially for UL CLTD.
1. UE Maximum output power for UL-MIMO
During RAN4#64 meeting the UE maximum output power for UL CLTD activation state 1 has been agreed on the basis of [4]. According to the baseline UE architecture for CLTD, which was approved by RAN4 and requirements for legacy UE, the following table has been evaluated. The table includes requirements for UE maximum output power for UL CLTD activation state 1 for power class 3/3bis only as decided by RAN4.
Table 1. UE maximum output power for UL CLTD activation state 1 [4]
	Operating Band
	Power Class 3
	Power Class 3bis

	
	Power

(dBm)
	Tol

(dB)
	Power

(dBm)
	Tol

(dB)

	Band I
	+24
	+1/-4
	23
	+2/-3

	Band II
	+24
	+1/-4
	23
	+2/-3

	Band III
	+24
	+1/-4
	23
	+2/-3

	Band IV
	+24
	+1/-4
	23
	+2/-3

	Band V
	+24
	+1/-4
	23
	+2/-3

	Band VI
	+24
	+1/-4
	23
	+2/-3

	Band VII
	+24
	+1/-4
	23
	+2/-3

	Band VIII
	+24
	+1/-4
	23
	+2/-3

	Band IX
	+24
	+1/-4
	23
	+2/-3

	Band X
	+24
	+1/-4
	23
	+2/-3

	Band XI
	+24
	+1/-4
	23
	+2/-3

	Band XII
	+24
	+1/-4
	23
	+2/-3

	Band XIII
	+24
	+1/-4
	23
	+2/-3

	Band IV
	+24
	+1/-4
	23
	+2/-3

	Band XIX
	+24
	+1/-4
	23
	+2/-3

	Band XX
	+24
	+1/-4
	23
	+2/-3

	Band XXI
	+24
	+1/-4
	23
	+2/-3

	Band XXII
	+24
	+1/-5.5
	23
	+2/-4.5

	Band XXV
	+24
	+1/-5
	23
	+2/-4

	Band XXVI

(Note 1)
	+24
	+1/-5
	23
	+2/-4

	Note 1
For the UE which supports both Band V and Band XXVI operating frequencies, the UE maximum output power of Band V shall apply for Band XXVI when the carrier frequency of the assigned UTRA channel is within 824-845 MHz.


To consider the same requirements to be applied to UL MIMO, UE baseline architecture has to be the same as well and is acceptable from the technical point of view. Because of that it is proposed to agree on the architecture with 2 Full PAs as the baseline for the UEs supporting UL MIMO transmission.
Proposal 2: Agree on the architecture with 2 Full PAs as the baseline for the UEs supporting UL MIMO transmission.
Proposal 3: Agree on the UE maximum output power for UL MIMO transmission as shown in Table 1. 
2. 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. One of the proposed solutions was to specify the MPR for CLTD based on maximum CM between two antennas [4] where the other one proposed that no MPR for the nominal maximum output power should apply at each transmit antenna connector [5]. Whatever option will be chosen here, it should be considered as a potential requirement also for UL MIMO.
3. Transmit modulation for UL-MIMO
The discussion on the following transmit modulation requirements for UL CLTD is still ongoing in RAN4. The most probably solution for them is the applying of the existing values at each transmit antenna connectors. However, in some cases, legacy requirements need additional analysis and updates to be simply reused in case of UL CLTD. Similar approach is expected to be taken during analysis of these requirements from the perspective of UL MIMO transmission.
3.1. Error Vector Magnitude
3.2. Peak Code Domain Error

3.3. Relative code domain error

3.4. Phase discontinuity for uplink DPCH

3.5. Phase discontinuity for HS-DPCCH

3.6. Phase discontinuity for E-DCH

4. Time alignment error for UL-MIMO
The analysis of time alignment error for UL MIMO transmission and initial simulation results are presented in separate contribution [6].
2.2. UE core requirements for 64QAM HSUPA
Regarding new modulation type for UL transmission, the following requirements from TS25.101 require revisions. RAN4 agreed to revise the impacted requirements first for 16QAM and then extend the analysis for 64QAM.
1. UE Relative code domain power accuracy (64QAM)
2. Error Vector Magnitude (64QAM)
Regarding EVM, more stringent requirements are expected to be introduced for 16QAM and 64QAM.
3. Relative Carrier Leakage Power (64QAM)

4. Relative code domain error (64QAM)
Relative code domain error requirements in Section 6.8.3a will need to be extended to include requirements for 16QAM and 64QAM.

2.3. NodeB core requirements for MIMO HSUPA
No significant impact on BS core requirements was identified due to introduction of MIMO HSUPA transmission.
Proposal 4: No new BS core requirements are needed due to introduction of MIMO HSUPA transmission.
2.4. NodeB core requirements for 64QAM HSUPA
No significant impact on BS core requirements was identified due to introduction of 64QAM HSUPA transmission.
Proposal 5: No new BS core requirements are needed due to introduction of 64QAM HSUPA transmission.
3 Conclusion 
This document discusses the core requirements which remain open due to introduction of MIMO with 64QAM for HSUPA. UE core requirements for UL MIMO can be adopted from UL CLTD because of strong similarities between both features. Other remaining core requirements of UE as well as of BS need further analysis and discussions in RAN4. According to that, it is proposed to agree on the following points, to make a step forward to the finalization of the core part of the WI.
Proposal 1: Initially consider applying of remaining UE core requirements to UL MIMO after they are agreed for UL CLTD activation state 1. Before applying, it should be checked if agreed requirements are fully correct for UL MIMO.
Proposal 2: Agree on the architecture with 2 Full PAs as the baseline for the UEs supporting UL MIMO transmission.
Proposal 3: Agree on the UE maximum output power for UL MIMO transmission as shown in Table 1.
Proposal 4: No new BS core requirements are needed due to introduction of MIMO HSUPA transmission.
Proposal 5: No new BS core requirements are needed due to introduction of 64QAM HSUPA transmission.
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