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1.
Introduction

At RAN4#66 in Malta, a CR R4-130128 [1] to clarify UE maximum output power for CA was noted but not agreed. It did however prompt useful discussion on the motivation for the CR, and the consistency of existing requirements with other features using multiple Tx antennas in TS 36.101 [2], such as UL-MIMO.

The motivation for this discussion paper, and the related R4-131269 [3] is simply to answer the question:

· How should RAN5 correctly test these features in UEs, not precluding valid implementations?

Anritsu believe that for RAN5 to specify testing correctly, some clarifications in the core requirements are needed.
This paper explains the background to R4-130128 [1], and tries to answer some of the points raised in discussion at RAN4#66. It also gives Anritsu’s views on the way forward.   

2.
Current status of TS 36.101 Rel-11, and points raised at RAN4#66
There were three main points raised in discussion at RAN4#66, as shown in the report extract below. In the following sections we consider them in relation to the change proposed in [1]. 
Abstract: 

Reword the definition of how the maximum output power is measured to include summing the output powers both over all component carriers and over all UE antenna connectors used for transmission.
Motorola Solutions: Difficult to understand the difference of this change. We need to consider also other impacted requirements like e.g. UL MIMO.

NTT DOCOMO: We think intra band CA + contiguous allocation is specified based on single antenna. We don’t need to add sentence proposed in this CR.

Anritsu: This CR does not exlude single antenna. It is possible to apply 23 dBm in each antenna connector.

Nokia: We agree it is not precluded to use multiple antenna connectors. The sentence seems to be clearer than present sentence.

NTT DOCOMO: Clause 6.1 clearly says specified per antenna connector.

Nokia: How does the UL MIMO then work?

NTT DOCOMO: UL MIMO is assumed to use 2 antennas.

Nokia: This CR only makes the meaning more clear.
Decision: 

The document was Noted

2.1  Intra band CA with contiguous allocation is specified based on single antenna  
Please refer to the text and table below extracted from TS 36.101 [2].

In Anritsu’s understanding there are 4 possibilities:

a) For inter-band (DL) CA with one UL carrier, refer back to subclause 6.2.2 (non-CA uplink)

b) Inter-band (DL) CA with two UL carriers in different bands is a Rel-12 work item, so not in Rel-11

c) Intra-band CA with two non-contiguous UL carriers is a Rel-12 work item, so not in Rel-11

d) Intra-band CA with two contiguous UL carriers in the same band is covered in Table 6.2.2A-1
The green highlight shows that the scope of the numeric requirements in this subclause only covers intra-band contiguous CA as in d). Other scenarios either refer back to non-CA requirements, or are Rel-12 only. 
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.
Table 6.2.2A-1: CA 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)

	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).


We agree that the numeric requirements in Table 6.2.2A-1 were derived based on based on a single UL antenna architecture. And, we also agree that it is not precluded to use multiple antenna connectors (as indicated by the turquoise text). This is also RAN5’s view, as shown by the inclusion of the various connection diagrams in TS 36.508 [4], reproduced in Annex A of this Tdoc.

Using multiple antenna connectors, whilst still meeting the numeric requirements in Table 6.2.2A-1, is a valid implementation and should not be precluded.
When Rel-12 CA requirements are introduced, such as Inter-band CA with two UL carriers in different bands, and Intra-band CA with two non-contiguous UL carriers, the requirements may be based on different architectures, and may have different numeric values. It is very likely that new tables will be introduced into TS 36.101 clause 6.2.2A.

However, the way the requirement is defined is expected to remain as “the sum of the maximum output powers over all component carriers and all UE antenna connectors used for transmission”. And in Anritsu’s understanding this will apply:

· To inter-band or intra-band CA

· To contiguous or non-contiguous CA

· Regardless of how the CCs are mapped to the UE antenna connectors (UE implementation)

All this is to explain why we believe that the generic statement “The maximum output power is measured as the sum of the maximum output powers over all component carriers and all UE antenna connectors used for transmission” as proposed in R4-130128 [1] is the best and clearest statement of the requirement. We believe it should be included in the second paragraph of clause 6.2.2A, where it would apply to all forms of UL CA. Notes such as note 4 in Table 6.2.2A-1 are not then needed.   
2.2  Interpretation of 36.101 clause 6.1   
Please refer to the text and table below extracted from TS 36.101 [2].

6.1
General

Unless otherwise stated, the transmitter characteristics are specified at the antenna connector of the UE with a single or multiple transmit antenna(s). For UE with integral antenna only, a reference antenna with a gain of 0 dBi is assumed.
We agree that clause 6.1 is relevant. Reading this text in the most straightforward way, we understand it to allow, and not preclude, multiple transmit antennas as indicated by the turquoise highlight text. In addition, the green highlight text allows for specific statements in subclauses, and subclause 6.2.2A states “..sum of the maximum output power at each UE antenna connector”.

In our understanding therefore, the text in clause 6.1 does not alter the interpretation of subclause 6.2.2A.
2.3  Other impacted requirements such as UL MIMO   
Please refer to the text and table below extracted from TS 36.101 [2].

6.2.2B
UE maximum output power for UL-MIMO

For UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2.2B-1. The requirements shall be met with the UL-MIMO configurations specified in Table 6.2.2B-2. For UE supporting UL-MIMO, 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).
We agree on the need to consider also other impacted requirements such as UL-MIMO, and RAN4 may wish to align text accordingly. In our understanding feature combinations such as CA and UL-MIMO are allowed, and the core requirements should not preclude them. We believe the statement as proposed in R4-130128 [1] “The maximum output power is measured as the sum of the maximum output powers over all component carriers and all UE antenna connectors used for transmission” could also be used in clause 6.2.2B, as it obviously includes the single CC case. We would be happy to receive further guidance from RAN4.  
3.
Looking forward to Rel-12
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 [5] was approved at RAN#59. We believe the statement as proposed in R4-130128 [1] “The maximum output power is measured as the sum of the maximum output powers over all component carriers and all UE antenna connectors used for transmission” could also be used in Rel-12.
4.
PCMAX considerations and Rx test cases
Please refer to the text below extracted from TS 36.101 [2].

6.2.5A
Configured transmitted power for CA

For carrier aggregation the UE is allowed to set its configured maximum output power PCMAX,c  on serving cell c and its total configured maximum output power PCMAX. 

The configured maximum output power on serving cell c shall be set within the following bounds:

PCMAX_L,c ≤  PCMAX,c  ≤  PCMAX_H,c
<< Sections omitted, as they refer to one CC >>.
For inter-band carrier aggregation with one UL serving cell the total configured maximum output power PCMAX shall be set within the following bounds:

PCMAX_L ≤  PCMAX  ≤  PCMAX_H
<< Sections omitted, as they refer to one CC >>.
For carrier aggregation with two UL serving cells, the total configured maximum output power PCMAX shall be set within the following bounds:
PCMAX_L_CA ≤  PCMAX  ≤  PCMAX_H_CA
For intra-band contiguous carrier aggregation, 
-
PCMAX_L _CA = MIN{10 log10 ∑ pEMAX,c  - TC , PPowerClass – MAX(MPR + A-MPR, P-MPR ) – TC}
-
PCMAX_H_CA  = MIN{10 log10 ∑ pEMAX,c , PPowerClass}
Referring to the turquoise highlight, PCMAX_L_CA and PCMAX_H_CA are calculated by summing across component carriers. The implementation could have different CCs deployed on different transmit antennas, therefore our view is that PCMAX_L_CA and PCMAX_H_CA should also be specified as the sum of the powers over all component carriers and all UE antenna connectors used for transmission.
From RAN5 viewpoint, clear definition of PCMAX_L_CA is especially important because it is used in many Rx test cases. Its usage for CA was clarified by R4-130690 [6] agreed at RAN4#66 in Malta:  
Table 7.4A.1-1: Maximum input level for intra-band contiguous CA

	Rx Parameter
	Units 
	CA Bandwidth Class

	
	
	A
	B
	C
	D
	E
	F

	Power in Transmission Aggregated Bandwidth Configuration
	dBm
	
	
	-22
	
	
	

	Note 1:
The transmitter shall be set to 4dB below PCMAX_L or PCMAX_L_CA as defined in clause 6.2.5A.

Note 2:
Reference measurement channel is Annex A.3.2: 64QAM, R=3/4 variant with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1.


If not clearly defined and implemented in the test system, PCMAX_L_CA could be wrongly set in Rx test cases.

If the principle is agreed, to specify PCMAX_L_CA and PCMAX_H_CA as the sum of the powers over all component carriers and all UE antenna connectors, we would be happy to receive further editorial guidance from RAN4 experts on how to draft a CR for this section of TS 36.101.
5. Summary and recommendations

As new features are added, it becomes more likely that UEs will have more than one antenna used for uplink transmission. We should also note that as explained on the coversheet of R4-130128 [1], RAN5 test case 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 clarity on existing features, and for coverage of Rel-12 features, Anritsu believes that Maximum Output Power (PPowerClass), PCMAX_L_CA and PCMAX_H_CA should all be specified as the sum of the powers over all component carriers and all UE antenna connectors.
We also believe this form or words could also be used for UL-MIMO, to cover the case where a UE supports both UL-MIMO and CA.

Accompanying CRs are provided in [7] and [8] covering Maximum Output Power, and if the principle is agreed Anritsu would be happy to extend to PCMAX_L_CA and PCMAX_H_CA.   
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Annex A: RAN5 connection diagrams
In TS 36.508 [4] there is a group of three connection diagrams for CA, covering various UE implementations:

Figure group A.32: Connections for basic Tx and Rx tests for CA
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Figure A.32a: Connection for basic Tx and Rx tests for CA (separate connectors)
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Figure A.32b: Connection for basic Tx and Rx tests for CA (common connectors, same UL antenna)
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Figure A.32c: Connection for basic Tx and Rx tests for CA (common connectors, different UL antennas)
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