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1
Introduction
In this contribution we consider the maximum output power (MOP) for uplink MIMO and the working assumption [1] agreed at RAN4 AH#4. In view of the timescale for the ITU-R we focus initially on UEs equipped with 2 TX antennas operating in one UL CC in accordance with the working assumption. We consider the maximum power, which is relevant for regulatory purposes; power balance between the connectors can be deferred to later.
We also propose one deviation from the working assumption: it is proposed to specify the ACLR, spurious emissions and SEM is specified per antenna connector, that is, not per UE, in order to be consistent with standard regulatory requirements for unwanted emission. This does not contradict the specification of MOP per UE. Finally, we briefly revisit the tolerance for carrier aggregation and attach a text proposal.
Before starting, we recall some recent RAN1 decisions on uplink power control

· no per antenna fast TPC commands - i.e. single TPC command

· single path-loss estimation 

· in case of ks = 0, power is divided between transmitting antennas in accordance with the ratio of the precoding weights (assuming no antenna gain imbalance compensation)

The antenna gain imbalance compensation is FFS, we assume that this is not configured for the MOP measurements, and codebook indices 4 and 5 for “power saving” need special attention. We also recall the transmitter architectures considered for CA and UL MIMO shown in Figure 1.
[image: image1.emf]
Figure 1: working assumption for TX architectures. 
2
Requirement as a power sum without combiner

The working assumption is to define the maximum output power per UE: this can be done either by a combiner (coherent summation) or by an incoherent sum as proposed in [2]. We also recommended to avoid coherent summation in single antenna mode or in multiple with one-layer transmission, the test results would be unstable and a highly dependent on the actual correlation between the TX signals for the DUT.
We recall that the MOP measurement is a conductive test. However, in practice a BS would receive a signal with smaller correlation also for the beamforming mode with fully correlated signals at the transmitter connectors (cf. angular spread for beamforming) due to multipath and scattering that also occur in the vicinity of the UE. The latter is not captured in the conductive test. Therefore, in view of the conditions under live operation, it is still reasonable to use an incoherent sum for the MOP even if the test signals would be fully correlated.
Hence we add the maximum mean output power of each antenna port, a definition could be: 
“The maximum output power is measured as the sum of the maximum output power at each UE antenna connector”

This definition would apply to any transmitter architecture with any number of antenna connectors ≥ 1, hence also the implementation of the single-antenna mode in which the secondary antenna is switched off (the off-power negligible compared to MOP).

The MOP measurement should be made with the “antenna unbalanced compensation” disabled (should this parameter be specified by RAN1). Note that we only consider the maximum power level, not the power balance between the two antenna ports, which may merit relative power accuracy tests that are FFS (for the December version).
3
Relation to SEM, spurious emission and ACLR

The working assumption is to define the ACLR spurious emission and SEM per UE. However, in regulatory text such as Recommendation ITU-R SM.329-10, unwanted emission in the spurious domain is normally specified per ‘antenna transmission line’ when possible (satellite transmission one exception), and the relevant measurement is per “antenna port”. The same should apply for the SEM with the OOB emissions if limits between the OOB and spurious domain are to be applied. In addition, it is questionable to sum up incoherently the unwanted emission ‘peaks’ of possibly correlated signals measured with resolution bandwidths of 30 kHz or 1 MHz over the antenna connectors that normally exhibit different emission spectra. Thus a more reasonable approach is to make sure unwanted emission products, necessarily not identical for the two connectors, meet the SEM and spurious limits per antenna connector that would also be consistent with regulation.
The (absolute) SEM is linked to the (relative) ACLR, which is used for coexistence purposes. Both metrics are needed since integrating the coarse SEM will grossly overestimate the ACLR. Defining the SEM per connector would therefore prompt a definition of the ACLR per antenna connector. However, from a coexistence perspective, this would not preclude a definition of the MOP in terms of an incoherent sum of the power p per connector, we have the requirement
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over the two ports. If we ask that the ACLR requirement is met per antenna connector, we have with the superscript a denoting the power measured on any of the adjacent channels and  the minimum requirement,
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this would imply that a “combined” metric would also meet the same requirement:
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The converse is not necessarily true. The combined metric (i.e. per UE) is consistent with the MOP definition and relevant for coexistence purposes; defining ACLR per connector would still ensure this while also being consistent with a definition of the unwanted emission per “antenna transmission line”.  The above is of course also true for any larger number of antenna connectors. 
Some spurious emission limits are also used for coexistence: the additional requirement of -50dBm/MHz for ensuring UE-UE coexistence immediately springs to mind when discussing a definition of unwanted emissions per antenna port. However, the emissions per port are still subject to the MOP as a limit across all ports (25 dBm maximum), which means that the emissions per port will be smaller in practice and a summation to > -50 dBm/MHz less likely. Moreover, the spurious emission limits must be met for both the single- and multiple-antenna mode.
Summing up, we propose to deviate from the working assumption and define the ACLR, spurious emissions and SEM per antenna connector. In the conformance tests, the ACLR is measured per connector after sending consecutive UP commands that control both connectors simultaneously. 
4
MOP for multiple-antenna mode
4.1
Tolerance

For the multi-antenna mode we first assume two sets of independent signals (transmission ports) mapped to each antenna port (resource grid), the resource grids different but signals mapped to the same PRBs on both antenna ports. We configure two UL streams with precoder index 0 and send continuous UP commands, switch off antenna unbalance compensation (if applicable) using architecture D2.
Firstly, the MOP should not exceed 23 dBm + 2 dB regardless of architecture due to e.g. SAR requirements and heat dissipation, 2 TX is indeed not unreasonable with a smart-phone form factor. 

The working assumption is that the requirements should be implementation independent. To this end, we consider two types of D2 architectures, use of smaller 20 dBm PA or at least one with 23 dBm and a smaller PA at the secondary antenna to meet a +2/-2 dB tolerance for the single-antenna mode. If a 23 dBm PA is used on one of the branches, backoff is needed and the lower tolerance limit is increase just like for the configured output power. The tolerance requirement for the latter is reproduced below:
Table 1 (Table 6.2.5-1): PCMAX tolerance 

	PCMAX             (dBm)
	Tolerance T(PCMAX)   (dB)

	21 ≤ PCMAX ≤ 23
	2.0

	20 ≤ PCMAX < 21
	2.5

	19 ≤ PCMAX < 20
	3.5

	18 ≤ PCMAX < 19
	4.0

	13 ≤ PCMAX < 18
	5.0

	8 ≤ PCMAX < 13
	6.0

	-40 ≤ PCMAX < 8
	7.0


Hence a lower tolerance of -2.5 dB is motivated, and to account for detrimental coupling between the two PA(s) we propose to increase the lower tolerance to -3 dB. 
The tolerance should also be applicable single-layer transmission. The problem of correlation is now avoided by using incoherent summation over the antenna connectors. However, some care must be made in the precoder selection. The precoders for up to two antenna ports are shown below:
Table 2 (Table 5.3.3A.2-1): Codebook for transmission on antenna ports 
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The precoder indices 4 and 5 are intended for the BS to configure the UE in a “power-saving” mode. However, the precoder weights in the baseband may not always govern the output power in all implementations; the uplink power control commands (of the entire uplink chain including RF) must be considered in conjunction. It is therefore proposed to restrict the MOP requirement to the upper power limit for the precoder indices 4 and 5 to avoid unpredictable behaviour (hence the maximum limit 25 dBm should not be exceeded).
Thus, for UL MIMO multi-antenna transmission on one CC, we propose a MOP of 23 dBm +2 dB/-3 dB with DCI Format 4 configured, but with an exception for precoder indices 4 and 5. 
4.2
Band dependence

For the Rel-10 specifications, it is proposed to specify requirements only for bands > 1 GHz. Furthermore, given that the Rel-8 MOP requirements mandate a +2/-2 dB tolerance requirement throughout, the 23 dBm +2 dB/-3 dB could possibly also apply throughout for one CC but confirmation of this merits further study for some bands. 
5
Single-antenna mode
When a Rel-10 UE enters a Rel-8 cell, it should ideally behave like a legacy UE. Since two elements allowed also for single-antenna mode, the first stab would be to reuse requirement: 23 dBm +2 dB/-3dB that is applicable for multiple-antenna with single-layer transmission. However, from a system standpoint, it is reasonable to require +2/-2 dB for fall-back to the single-antenna mode even if this may impose certain restrictions on the transceiver implementation. 

Hence, when DCI Format 0 is configured, the requirement should be 23 dBm +2/-2 dB.
6
The CA revisited

The consideration of the power tolerance for UL MIMO using architecture D2 motivates a further look at the tolerance for carrier aggregation in view of implementation- and band independence. CA Bandwidth Class C is considered.
6.1
Implementation dependence

If all three architectures A, D1 and D2 allowed for intra-band carrier aggregation, then the power accuracy the same as for UL MIMO with dual-layer transmission, +2/-3dB. We note that
· architecture A can meet 23 dBm +2 dB/-2dB for Band 1

· for fall-back to one active CC, the requirement should be 23 dBm +2 dB/-2dB regardless of architecture.
However, from a system performance aspect, it is reasonable to require +2/-2 dB since achievable, at least for Band 1 and CA_1C, even if this might restrict the possible implementations.
6.2
Band dependence
For Band 40 and CA_40C with up to 40 MHz aggregated bandwidth, a +2/-2 dB tolerance can be challenging due to high and variable insertion loss of the front end filter due to stop-band rejection requirements in the adjacent ISM band. It is therefore proposed to further study the tolerance for Band 40 and keep the lower tolerance limit tentative for the RAN#50 specifications. This may also be the case for other operating bands specified in later releases.
7
Proposal

For UL-MIMO capable UE(s) equipped with two antenna ports supporting two antenna ports in one uplink CC, we propose to

· specify the MOP requirement as an incoherent sum of the maximum output power per antenna connector

· specify a tolerance of +2/-3 dB for multi-antenna transmission with DCI Format 4 configured, with an exception for codebook indices 4 and 5 for which only the upper tolerance is applicable

· limit the specification to operating bands > 1 GHz

For CA Bandwidth Class C it is proposed to
· remove the square brackets for CA_1C.

The above captured in the specification text below, which is proposed for inclusion into Annex B of TR 36.807.

In addition, for UL-MIMO we propose to specify, for any number of antenna connectors, 
· ACLR, spurious emissions and SEM per antenna connector
contrary to the working assumption [1]. This would not contradict the definition of MOP per UE from a coexistence perspective. For one uplink CC, the Rel-8 requirements for spurious emissions and SEM would then apply per antenna connector.
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TEXT PROPOSAL:

<start of text proposal for Annex B: Clause 6.2>

6.2
Transmit power

6.2.1
Void

6.2.2
 UE Maximum Output Power

The following UE Power Classes define the maximum output power for any transmission bandwidth within the channel bandwidth. The period of measurement shall be at least one sub frame (1ms).

Table 6.2.2-1: UE Power Class

	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	±2
	
	

	2
	
	
	
	
	23
	±22
	
	

	3
	
	
	
	
	23
	±22
	
	

	4
	
	
	
	
	23
	±2
	
	

	5
	
	
	
	
	23
	±2
	
	

	6
	
	
	
	
	23
	±2
	
	

	7
	
	
	
	
	23
	±22
	
	

	8
	
	
	
	
	23
	±22
	
	

	9
	
	
	
	
	23
	±2
	
	

	10
	
	
	
	
	23
	±2
	
	

	11
	
	
	
	
	23
	±2
	
	

	12
	
	
	
	
	23
	±22
	
	

	13
	
	
	
	
	23
	±2
	
	

	14
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	23
	±2
	
	

	18
	
	
	
	
	23
	±2
	
	

	19
	
	
	
	
	23
	±2
	
	

	20
	
	
	
	
	23
	±2[2]
	
	

	21
	
	
	
	
	23
	±2
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	±2
	
	

	34
	
	
	
	
	23
	±2
	
	

	35
	
	
	
	
	23
	±2
	
	

	36
	
	
	
	
	23
	±2
	
	

	37
	
	
	
	
	23
	±2
	
	

	38
	
	
	
	
	23
	±2
	
	

	39
	
	
	
	
	23
	±2
	
	

	40
	
	
	
	
	23
	±2
	
	

	
	
	
	
	
	
	
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 
Note 3:      For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


6.2.2A
 UE Maximum Output Power for intra-band contiguous carrier aggregation
The following UE Power Classes define the maximum output power for any transmission bandwidth within the aggregated channel bandwidth. 
The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1ms).
For CA Bandwidth Class A, the requirements in Clause 6.2.2 apply. For CA Bandwidth Class C, the maximum output power is specified in Table 6.2.2A-1.
Table 6.2.2A-1: UE Power Class for intra-band contiguous carrier aggregation
	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	CA_1C
	
	
	
	
	23
	+2/-2
	
	

	CA_40C
	
	
	
	
	23
	+2/[-2]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 

Note 3:
PPowerClass is the maximum UE power specified without taking into account the tolerance

Note 4: 
For intra-band contiguous carrier aggregation the maximum power requirement should apply to the total transmitted power over all component carriers (per UE).



6.2.2C
 UE Maximum Output Power with uplink MIMO
The following UE Power Classes define the maximum output power for uplink multiple-antenna transmission. The maximum output power is measured as the sum of the maximum output power at each UE antenna connector [with unbalanced antenna compensation set to zero]. The period of measurement shall be at least one sub frame (1ms).
The following requirements apply for UE(s) equipped with two antenna connectors supporting transmission on up to two antenna ports over one component carrier. For Transmission Mode 2 with DCI Format 4 configured, the maximum output power for any transmission bandwidth within the carrier aggregation channel bandwidth is specified in Table 6.2.2C-1. The lower tolerance limit is not applicable for single-layer transmission with codebook index 4 or 5 configured (Table 5.3.3A.2-1 in [TS 36.211v10.0.0]).
Table 6.2.2C-1: UE Power Class for multiple-antenna transmission with one UL CC
	EUTRA band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	1
	
	
	
	
	23
	+2/[-3]
	
	

	2
	
	
	
	
	23
	+2/[-3]2
	
	

	3
	
	
	
	
	23
	+2/[-3]2
	
	

	4
	
	
	
	
	23
	+2/[-3]
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	23
	+2/[-3]2
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	23
	+2/[-3]
	
	

	10
	
	
	
	
	23
	+2/[-3]
	
	

	11
	
	
	
	
	23
	+2/[-3]
	
	

	12
	
	
	
	
	23
	+2/[-3]2
	
	

	13
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	17
	
	
	
	
	
	
	
	

	18
	
	
	
	
	
	
	
	

	19
	
	
	
	
	
	
	
	

	20
	
	
	
	
	
	
	
	

	21
	
	
	
	
	23
	+2/[-3]
	
	

	…
	
	
	
	
	
	
	
	

	33
	
	
	
	
	23
	+2/[-3]
	
	

	34
	
	
	
	
	23
	+2/[-3]
	
	

	35
	
	
	
	
	23
	+2/[-3]
	
	

	36
	
	
	
	
	23
	+2/[-3]
	
	

	37
	
	
	
	
	23
	+2/[-3]
	
	

	38
	
	
	
	
	23
	+2/[-3]
	
	

	39
	
	
	
	
	23
	+2/[-3]
	
	

	40
	
	
	
	
	23
	+2/[-3]
	
	

	41
	
	
	
	
	23
	+2/[-3]
	
	

	Note 1:
The above tolerances are applicable for UE(s) that support up to 4 E-UTRA operating bands. For UE(s) that support 5 or more E-UTRA bands the maximum output power is expected to decrease with each additional band and is FFS
Note 2:      For transmission bandwidths (Figure 5.6-1) confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB 
Note 3:      For the UE which supports both Band 11 and Band 21 operating frequencies, the tolerance is FFS.
Note 4:
PPowerClass is the maximum UE power specified without taking into account the tolerance


For single-antenna transmission, that is, Transmission Mode 1 or Transmission Mode 2 with DCI Format 0 configured, the requirements is Clause 6.2.2 apply. 

6.2.3
UE Maximum Output power for modulation / channel bandwidth 
For UE Power Class 3, the allowed Maximum Power Reduction (MPR) for the maximum output power in Table 6.2.2-

<end of text proposal for Annex B: Clause 6.2>
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