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1.
Introduction

Rel-12 CA includes “LTE Advanced inter-band Carrier Aggregation Class WIs for 2UL in Rel-12”, and we note that the Work item in RP-130401 [4] was approved at RAN#59. It is shown in R4-130045 [1] that an architecture using two separate antennas for dual, simultaneous uplink operation is under consideration. However in the current version of TS 36.101 [2], nothing is said about how to apply the Out of band emissions figures or Spurious emission figures for the case where the UE has more than one UL antenna.

This paper looks at the current status of TS 36.101 [2], including similar features such as Out of band emissions for UL-MIMO, and gives Anritsu’s views on the way forward.   
2.
Current status of TS 36.101
For CA, it is acknowledged that the UE might have more than one Tx antenna connector. For example, in 6.2.2A UE maximum output power for CA, there is the statement “The maximum output power is measured as the sum of the maximum output power at each UE antenna connector”. As 36.101 does not aim to constrain implementation, this statement is valid even though the UE reference architecture for contiguous intra-band assumes one Tx antenna.

Rel-12 includes inter-band Carrier Aggregation with 2 uplink component carriers, and R4-130045 [1] shows an architecture using two separate antennas. This gives additional impetus to clearly specify Out of band emissions and Spurious emissions for the case where the UE has more than one UL antenna.
2.1  TS 36.101 [1] Specification extracts for Out of band emission, CA   
For CA, Out of band emissions are handled in the sub-clauses for Spectrum emission mask, Additional Spectrum Emission Mask, and ACLR. The key point to notice is the absence of any statement on how to handle a UE which has more than one UL antenna.

6.6.2
Out of band emission

The Out of band emissions are unwanted emissions immediately outside the assigned channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. This out of band emission limit is specified in terms of a spectrum emission mask and an Adjacent Channel Leakage power Ratio.
<< Sections omitted >>
6.6.2.1A
Spectrum emission mask for CA

For intra-band contiguous carrier aggregation the spectrum emission mask of the UE applies to frequencies (ΔfOOB) starting from the ( edge of the aggregated channel bandwidth (Table 5.6A-1) For intra-band contiguous carrier aggregation the bandwidth class C, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.1A-1 for the specified channel bandwidth.
<< Sections omitted >>

6.6.2.2A
Additional Spectrum Emission Mask for CA

This requirement is specified in terms of an "additional spectrum emission" requirement.

6.6.2.2A.1
Minimum requirement (network signalled value "CA_NS_04")

Additional spectrum emission requirements are signalled by the network to indicate that the UE shall meet an additional requirement for a specific deployment scenario as part of the cell handover/broadcast message.

When "CA_NS_04" is indicated in the cell, the power of any UE emission shall not exceed the levels specified in Table 6.6.2.2A-1.
<< Sections omitted >>

6.6.2.3
Adjacent Channel Leakage Ratio 

Adjacent Channel Leakage power Ratio (ACLR) is the ratio of the filtered mean power centred on the assigned channel frequency to the filtered mean power centred on an adjacent channel frequency. ACLR requirements are specified for two scenarios for an adjacent E -UTRA and /or UTRA channel as shown in Figure 6.6.2.3 -1.
<< Sections omitted >>

6.6.2.3.2A
Minimum requirement UTRA for CA
For intra-band contiguous carrier aggregation the UTRA Adjacent Channel Leakage power Ratio (UTRAACLR) is the ratio of the filtered mean power centred on the aggregated channel bandwidth to the filtered mean power centred on an adjacent(s) UTRA channel frequency. 

UTRA Adjacent Channel Leakage power Ratio is specified for both the first UTRA adjacent channel (UTRAACLR1) and the 2nd UTRA adjacent channel (UTRAACLR2). The UTRA channel power is measured with a RRC bandwidth filter with roll-off factor =0.22. The assigned aggregated channel bandwidth power is measured with a rectangular filter with measurement bandwidth specified in Table 6.6.2.3.2A-1. If the measured UTRA channel power is greater than –50dBm then the UTRAACLR shall be higher than the value specified in Table 6.6.2.3.2A-1.
<< Sections and requirements table omitted >>

6.6.2.3.3A
Minimum requirements for CA E-UTRA

For intra-band contiguous carrier aggregation the carrier aggregation E-UTRA Adjacent Channel Leakage power Ratio (CA E-UTRAACLR) is the ratio of the filtered mean power centred on the aggregated channel bandwidth to the filtered mean power centred on an adjacent aggregated channel bandwidth at nominal channel spacing. The assigned aggregated channel bandwidth power and adjacent aggregated channel bandwidth power are measured with rectangular filters with measurement bandwidths specified in Table 6.6.2.3.3A-1. If the measured adjacent channel power is greater than –50dBm then the E-UTRAACLR shall be higher than the value specified in Table 6.6.2.3.3A-1. 

<< Sections and requirements table omitted >>
2.2  TS 36.101 [1] Specification extracts for Out of band emission, UL-MIMO   
Here, there is a clear statement on how to handle a UE which has more than one UL antenna:
6.6.2B

Out of band emission for UL-MIMO

For UE supporting UL-MIMO, the requirements for Out of band emissions resulting from the modulation process and non-linearity in the transmitters are specified at each transmit antenna connector.

For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclause 6.6.2 apply to each transmit antenna connector. The requirements shall be met with the UL-MIMO configurations specified in Table 6.2.2B-2.
For single-antenna port scheme, the requirements in subclause 6.6.2 apply.
2.3  TS 36.101 [1] Specification extracts for Spurious emission, CA   
For CA, Spurious emissions are handled in the sub-clauses for Minimum requirements, Spurious emission band UE co-existence, and Additional spurious emissions. Although only the top level text is given here, the point to notice is the absence of any statement on how to handle a UE with more than one UL antenna.

There is no statement on how to handle a UE with more than one UL antenna in the sub-clauses either.
6.6.3
Spurious emissions

Spurious emissions are emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products, but exclude out of band emissions unless otherwise stated. The spurious emission limits are specified in terms of general requirements inline with SM.329 [2] and E-UTRA operating band requirement to address UE co-existence. 

To improve measurement accuracy, sensitivity and efficiency, the resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is smaller than the measurement bandwidth, the result should be integrated over the measurement bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
2.4  TS 36.101 [1] Specification extracts for Spurious emission, UL-MIMO   
Here, there is a clear statement on how to handle a UE which has more than one UL antenna:

6.6.3B

Spurious emission for UL-MIMO

For UE supporting UL-MIMO, the requirements for Spurious emissions which are caused by unwanted transmitter effects such as harmonics emission, parasitic emissions, intermodulation products and frequency conversion products are specified at each transmit antenna connector.

For UEs with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the requirements in subclause 6.6.3 apply to each transmit antenna connector. The requirements shall be met with the UL-MIMO configurations specified in Table 6.2.2B-1. 

For single-antenna port scheme, the general requirements in subclause 6.6.2 apply.
2.5  TS 36.101 [1] Specification extracts for maximum output power, CA   
Here, there is a clear statement on how to handle a UE which has more than one UL antenna. We note that this sentence in the clause covers intra- and inter-band, and is not restricted to intra-band contiguous CA: 
6.2.2A
UE maximum output power for CA

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 inter-band carrier aggregation with uplink assigned to one E-UTRA band the requirements in subclause 6.2.2 apply.

For intra-band contiguous carrier aggregation the maximum output power is specified in Table 6.2.2A-1.
3.
Way forward 
As new features are added, it becomes more likely that UEs will have more than one antenna used for uplink transmission. As explained on the coversheet of R4-130128 [3], RAN5 test cases for CA refer to a group of connection diagrams which show that two UL component carriers may be mapped to different UE Tx antenna ports. Combinations of features are highly likely to exist in UEs.
For both consistency and coverage of current/Rel-12 features, Anritsu believes that the Out of band emissions and Spurious emissions should follow the UL-MIMO example and be specified at each transmit antenna connector.
We also believe this is consistent with the relevant ITU-R recommendations.
4. Recommendations

From the way forward above:

· Proposal 1: Out of band emissions and Spurious emissions for CA should follow the UL-MIMO example and be specified at each transmit antenna connector
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