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1 Background
In this follow-up to [1] we propose a modified test configuration for the relative power tolerance and an amendment for the existing aggregate test for intra-band contiguous aggregation: the impact of in-band emissions across carriers on the power measurements is considered in more detail.
The relative power tolerance is still outstanding for Rel-10. The main hurdles have been the alignment requirements in the reference and target subframes. According to 36.300, intra-band contiguous CA is most likely used in a co-located scenario, which means that the power per PRB should be aligned between the carriers rather than the power per CC. The requirement that the power be aligned in the target subframe appears neither feasible nor relevant for the relative tolerance.
The relative power control test for CA should verify that the UE transmitter is capable of independent power control on the two carriers in accordance with 36.213. The impact on inaccurate power control can be significant as demonstrated in [2] for non-CA operation. A UE configured for uplink CA share each of its uplinks with other UE(s) operating in non-CA mode, and must therefore be able to change its power following TPC commands and PRB allocation changes in an independent way on the two component carriers in order to maintain performance. 
Independent power control should be verified by means of the relative power control test, whereas the alignment of carriers after a sequence of commands can be verified using the existing aggregate power control test for intra-band CA.
2 Relative power tolerance
The purpose of the test is to verify independent power control. The requirements should therefore cover unequal power steps on the two component carriers, contrary to the DC-HSUPA test in 25.101 that allows equal power steps for verification. Equal power steps for E-UTRA would mean insufficient test coverage since changes of the total component carrier power across subframe boundaries can be much larger compared those for UTRA for the allocation can change. 
To this end, it is proposed that the relative power tolerance requirements for E-UTRA is verified in the following way for combinations of PUSCH and PUCCH transitions:
1. when the average transmit power per PRB for the assigned carriers is aligned in the reference subframe,
2. the UE shall meet the requirements for all combinations of PUSCH and PUCCH transitions per component carrier as given by the relative power tolerance for non-CA operation (Table 6.3.5.2.1-1 in 36.101).
For PUSCH to PUSCH transitions, the power steps on each component carrier can be set by modifying the PUSCH resource assignment MPUSCH,c (the PRB allocation size) and/or by a TPC command PUSCH,c signalled in the uplink signalling grant. Ideally, this means that the power per PRB should only change with the TPC commands, that is, up to a 4 dB change (for non-accumulation) in the target subframe, hence a relative difference ≤ 8 dB between the carriers. The parameters of the power control equations in 36.213 indicated by higher-layer signalling should be kept constant.
The requirements are illustrated in the example in Figure 1: the power per PRB should be the same in the reference (SF#0) and the target subframe (SF#1), but the allocation size is increased on the PCC such that its total power increases. The latter power change should meet the non-CA requirements, while the requirements for a zero power step should be met for the SCC. 
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Figure 1: relative power control with change of allcation on PCC (allocation in SF#0 in blue).
For SRS the situation is slightly more complicated since a UE configured with a single TAG (the only possibility in Rel-10) shall not transmit SRS whenever SRS and PUSCH transmissions happen to overlap in the same symbol. In view of this it is proposed to verify SRS performance by allocating simultaneous SRS in the reference and target subframes. The SRS bandwidth (allocation size) is configured by means of higher-layer signalling and is therefore kept constant, see Figure 2. The power is changed by means of TPC command PUSCH,c (same as PUSCH) that can be different on the two component carriers.
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Figure 2: example configuration for verification of relative power tolerance for SRS.
3 Alignment requirements and impact of in-band emissions

The assumption on co-located carriers motivates an aligned power per PRB in the reference sub-frame. However, the in-band emissions across sub-carriers can still affect the accuracy of the measurements in some cases if the power change on each carrier is always measured over the maximum transmission bandwidth. In Figure 3 we illustrate a case for which the allocation is 1 PRB in each CC in the reference subframe and then changes to 100 PRB in the PCC with a PUSCH,c = +3 dB while it is maintained in the SCC. If we assume a 25 dB in-band attenuation across the carriers, then the error on the SCC due to in-band emissions alone would be 10∙log{1+10^[(3 + 20 – 25)/10)} = 2.1 dB (20 dB due to the allocation change) if the power change is measured across the full transmission bandwidth of the SCC. This is larger than the allowed tolerance for a fixed PUSCH allocation. 
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Figure 3: impact on in-band emissions.
The problem above can be resolved by specifying the power measured on each carrier over the allocated blocks only. In-band emissions may still influence the power tolerance if there is a large difference in power per allocated PRB in the two component carriers, but the maximum commanded PRB difference in the target subframe is 8 dB.
The in-band emissions in a non-allocated component carrier due to allocated PRB in the other component carrier shall meet (Clause 6.5.2A.3 in 36.101)

(3.1)

[image: image4.wmf]{

}

RB

CRB

RB

CRB

RB

P

kHz

dBm

L

EVM

L

N

-

-

-

D

×

-

-

×

×

-

-

180

/

57

,

/

)

1

(

5

3

log

20

),

/

(

log

10

25

max

10

10


where the allocated PRBs start at the edge of the aggregate bandwidth with the allocation size limited to half of the maximum transmission bandwidth of the allocated carrier. The same emission levels should be attained in the allocated carrier save exceptions for LO and IQ image. The in-band emissions in the allocated and non-allocated carrier is therefore less than
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for any PRB allocation; thus less than -18 dB for QPSK for sufficiently large power per PRB. This means that in-band emissions in between the carriers have a marginal effect on the relative power tolerance when the power per is measured over the allocated PRBs only and the power per PRB is aligned between the carriers in the reference subframe. The meaning of “aligned power per PRB” for the assigned carriers should be defined in the conformance test specification 36.521-1. 

The level of the in-band emissions is guaranteed for sufficiently large power per PRB. The last argument of (3.1) and (3.2)  represents the reduced suppression of in-band noise at lower power levels. It is therefore proposed that the requirements for relative tolerance apply down to -20 dBm rather than the minimum output power, which implies PRB > -40 dBm/180 kHz for which (3.1) yields at least -17 dB. 
4 In the 36.101
The necessary changes for relative power tolerance in 36.101 would look as follows (we also add applicability for bandwidth class B) with a provision for the power measurement added compared to the version in [1]:
6.3.5A.2
Relative power tolerance

6.3.5A.2.1
Minimum requirements 

The requirements apply when the power of the target and reference sub-frames on each component carrier exceed -20 dBm  and the total power is limited by PUMAX as defined in subclause 6.2.5A. For the purpose of these requirements, the power in each component carrier is specified over only the transmitted resource blocks.
For intra-band contiguous carrier aggregation bandwidth classes B and C, the UE shall meet the following requirements for transmissions on both assigned component carriers  as follows when the average transmit power per PRB across both assigned carriers is aligned in the reference sub-frame:
a)
for all possible combinations of PUSCH and PUCCH transitions on each component carrier, the corresponding requirements given in Table 6.3.5.2.1-1;
b)
for SRS transmissions on each component carrier, the requirements for combinations of PUSCH/PUCCH and SRS transitions given in Table 6.3.5.2.1-1 with simultaneous SRS of constant SRS bandwidth in the target and reference subframes;
c)
for RACH on the primary component carrier, the requirements given in Table 6.3.5.2.1-1 for PRACH.
It should also be made clear that for PUSCH/PUCCH the power changes for between the reference and target subframes can be set by allocation changes and TPC-commands only. Additional requirements for RACH for CA would only be relevant for transmission on the secondary component carrier (FFS). 
5 Exceptions are allowed
Handling exceptions to the requirements for relative power tolerance is more involved for CA. Exceptions should be allowed for each component carrier: two exceptions as the power is swept from the proposed -20 dBm minimum level and the configured maximum power per component carrier similar to the non-CA test case. It is proposed to make the provision for exceptions in the following way for 36.101:
[…] two exceptions are allowed for each component carrier for a power per carrier ranging from -20 dBm to PUMAX,c as defined in subclause 6.2.5. For these exceptions the power tolerance limit is ±6.0 dB in Table 6.3.5.2.1-1 [in 36.101].
6 Amendments to the aggregate test

The capability of the transmitter of maintaining the power level on the two component carriers (alignment) can be verified using the exiting aggregate power control test. It is proposed to make the following amendments
6.3.5A.3.1

Minimum requirements 

For intra-band contiguous carrier aggregation bandwidth classes B and C, the aggregate power tolerance per component carrier is given in Table 6.3.5.3.1-1 with either simultaneous PUSCH or simultaneous PUCCH-PUSCH (if supported) configured. The average power per PRB shall be aligned across both assigned carriers before the start of the test. The requirement can be tested with the transmission gaps time aligned between component carriers.
to make clear the transmission configurations that shall be used for the test. Simultaneous PUSCH-PUCCH on the two component carriers is a capability indicated by the UE.
7 Proposal
We propose that the test configuration for verifying relative power tolerance for intra-band contiguous CA is modified as described in Section 2 and that the existing aggregate test is amended as described in Section 5. A CR for introducing these changes is supplied in [3].
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