6

TSG-RAN Working Group 4 (Radio) meeting #57
 R4-104447
 Jacksonville, Fl., USA, 15 – 19 November 2010


Source:
Ericsson, ST-Ericsson
Title:
Background to proposed receiver sensitivity and ACS tests for CA
Agenda item:
5.1.1.2
Document for:
Discussion
1
Introduction

In this contribution we illustrate the proposed tests of CA REFSENS and CA ACS in [1] and [2] and use results relevant for CA_1C and 20 MHz bandwidths. It turns out that the MSDSCC is 0 dB for this case under the transmitter characteristics assumed (just meeting the minimum requirements) due to the large duplex spacing. This should not be difficult to verify with other transmitter characteristics and for smaller bandwidths until the final ITU-R submission is due. For the ACS test, this sensitivity result also means that the wanted signal for CA_1C would be set relative to the   Rel-8 reference sensitivity. The same holds for CA_40C.
We also give a background to the extension of the proposed sensitivity test in [3] to unequal bandwidths. 
2
CA Sensitivity for Band 1 with equal bandwidths
First we show the sensitivity for Band 1 with two 20 MHz CC configured. The assumptions on the transmitter characteristics are the same as in [3]: the LO and image rejections are 25 dBc, the counter-IM3 = 60 dBc at full power and the PA is calibrated to achieve a 33 dB UTRA ACLR with a CM=1 signal at full output power. We assume a UE capable of supporting 2 UL CC.  

Figure 1 illustrates the method: the reference is the Rel-8 REFSENS requirement (upper part of Figure 1), which is -94 dBm measured at 100 RB uplink allocation at 22 dBm (MPR = 1 dB). This must be satisfied also for our Rel-10 UE. 
An SCC is then configured closest to the transmit band: the duplex distance for the PCC is 190 MHz, and the carrier separation between the UL PCC and the DL SCC is 170 MHz. The sensitivity level of the SCC is measured (the minimum input level for which the throughput is 95% of the maximum for the SCC and both CC(s) active). This level is then related to the Rel-8 reference sensitivity, the difference between the former and the latter is the allowed MSD for the SCC.
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Figure 1: Rel-8 REFSENS test for the PCC with 100 PRB (upper) and the CA sensitivity for the SCC (lower), the total uplink output power back-off is 4 dB with full allocation on both CC(s).
Some details on the sensitivity calculation (same method as in [3]): Table 1 shows the ACLRRX in dBc (the ratio of the power in the CC receive band to the total UE transmitter power) for the PCC and SCC. We note that highest of the values corresponds to power levels around the PA noise floor. The output power should be set 4 dB below PUMAX, which would be 21.5 dBm in order to meet the EUTRA ACLR1 requirement of [30] dB, or possibly 21 dBm if needed to meet the UTRA ACLR (not shown). Results for both of these values are shown for completeness: the relevant output power is thus 17.5 or 17 dBm.
Table 1: Band 1 ACLR for PCC and SCC for two UL CC
	Output power [dBm]
	MPR [dB]
	E-UTRA ACLR1 [dBc]
	 ACLR_RX SCC

[dBc]
	ACLR_RX PCC [dBc]

	22
	1
	28.4
	66.5
	68.4

	18
	
	39.0
	87.4
	90.9

	21.5
	1.5
	30.9
	70.0
	70.8

	17.5
	
	39.0
	91.4
	94.4

	21
	2
	33.3
	71.3
	73.1

	17
	
	38.8
	96.5
	99.7


Table 3 shows the resulting sensitivity using the assumptions of [4] for the SCC with two UL CC(s): the transmitter architecture assumed is two PA(s) with uncorrelated test signals, but the results for the diversity architecture are similar. The PCC sensitivity is equal or better (not shown). 
Table 2: Band 1 sensitivity for SCC (FDD) with two UL CC active
	Output power [dBm]
	MPR [dB]
	 Sensitivity SCC

[dBm]
	REFSENS Rel-8 [dBm]

	22
	1
	-87.5
	-94

	18
	
	-94.4
	N/A

	21.5
	1.5
	-90.4
	

	17.5
	
	-94.4
	

	21
	2
	-91.4
	

	17
	
	-94.4
	


Finally, the MSDSCC is obtained as the difference between the sensitivity for SCC and the Rel-8 REFSENS for the SCC (or PCC) used as a standalone carrier: -94.4 dBm – (-94 dBm) or 0 dB for 17.5 dBm output power, the MSD is always ≥ 0 dB. The results are summarised in Table 3.
Table 3: MSD for SCC (FDD)
	Output power [dBm]
	No of UL CC
	 MSD SCC

[dB]

	17.5
	2
	0

	17
	2
	0


It should be enough to verify the MSD of the SCC since closest to the transmit band (worst case), this would also limit the testing effort: only one additional test to the Rel-8/9 test. The specification in the above case would look like in Table 4. The MSD for bandwidth smaller than 20 MHz should also be 0 dB, spectral re-growth is the dominant component if above the noise floor.
Table 4: Maximum Sensitivity Degradation for the Secondary CC with two active uplink CC(s) 

	Channel bandwidth of Secondary CC 

	E-UTRA CA Band
	1.4 MHz
(dB)
	3 MHz
(dB)
	5 MHz
(dB)
	10 MHz
(dB)
	15 MHz
(dB)
	20 MHz
(dB)
	Duplex Mode

	[CA_1C]
	-
	-
	-
	-
	TBD 
	[0] 
	FDD

	
	
	
	
	
	
	
	

	[CA_40C]
	
	
	
	0
	0
	0
	TDD

	Note 1:
The transmitter shall be set 4 dB below PUMAX as defined in clause 6.2.5

Note 2:
The bandwidth of the Secondary CC is equal to the bandwidth of the Primary CC
Note 3:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
Note 4:
The requirement is specified per port




3
 Sensitivity for unequal CC bandwidths

The test method must also be applicable for unequal CC bandwidths, e.g. 10 + 20 MHz. We use the same method and configure the SCC closest to the transmit band and with the PCC configured as the wider of the two bandwidths. For UE(s) supporting one UL CC the test configuration is shown in Figure 2.
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Figure 2: test configuration for the sensitivity test with unequal bandwidths.
The TX-RX separation will be the same regardless of the bandwidths associated with the PCC and SCC, but the impact of the transmitter noise will be larger if the PCC (the uplink) is chosen as the wider bandwidth. 
For UE(s) supporting two UL CC(s), the same approach can be used, see Figure 3. The MSDSCC is still measured with regard to PREFSENS of the SCC. The SCC is verified with the PCC active, and the PCC power level is set such that the received PSD is constant just as in the proposed ACS test. The SCC power is set to

Pw,SCC = PREFSENS + MSDSCC
and the PCC (not tested but active) is thus at

Pw,PCC = Pw,SCC + 10 log10(BWPCC/BWSCC).

Example: for the 10 + 20 MHz combination in Band 1, the PCC is configured as a 20 MHz CC. The minimum level of the 10 MHz SCC for which the throughput shall be 95% of the maximum throughput is related to -97 dBm, the Rel-8 requirement for a 10 MHz channel bandwidth. The input power of the PCC is 3 dB higher than the SCC.
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Figure 3: test configuration for the sensitivity test with unequal bandwidths and two active UL CC(s).

The appearance of the table is modified as follows, now indicating the bandwidth of the CC(s) for the particular combination specified. We have assumed  MSDSCC = 0 dB for the 10+20 and 15+15 MHz combinations since the TX-RX separation is smaller than for 20+20 MHz.

Table 4 (Table 7.3.1A-2): Maximum Sensitivity Degradation for the Secondary CC with two active uplink CC(s) 

	MSDSCC [dB] for channel bandwidth of Secondary/Primary CC

	E-UTRA CA Band
	
	
	
	10/20 MHz
	15/15 MHz
	20/20 MHz
	Duplex Mode

	[CA_1C]
	-
	-
	-
	[0]
	[0]  
	[0] 
	FDD

	
	
	
	
	
	
	
	

	[CA_40C]
	
	
	
	0
	0
	0
	TDD

	Note 1:
The transmitter shall be set 4 dB below PUMAX as defined in clause 6.2.5

Note 2:
The 
Note 3:
Reference measurement channel is A.3.2 with one sided dynamic OCNG Pattern OP.1 FDD/TDD as described in Annex A.5.1.1/A.5.2.1
Note 4:
The requirement is specified per port




4
CA ACS for Band 1 with equal bandwidths
Then we consider the ACS test for Band 1 using the results in Section 2 above. The configuration for the ACS test our UE supporting two UL CC(s) is shown in Figure 2. The ACS requirement for these classes should be met with the interferer on either side of the two CC, both active, and with all supported uplink CC active with the total output power set to 4 dB below PUMAX. The requirement is met if the throughput on each CC exceeds 95% of the corresponding maximum throughput, which may be different on the two CCs if the bandwidths are unequal. 
The wanted signal power levels on each of the two CC are set such that the received power spectral density is constant, which means that the wanted power is the same on both CCs if their bandwidths are equal. The SCC is always configured closest to the transmit band, see Figure 1 for the case of one active uplink CC. The transmitter noise is indicated by the dashed-dotted line and cross-modulation around the interferer.
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Figure 2: ACS test with two UL CCs, a wider cross-modulation product appears around the interferer than in the case of one UL CC.
In order to verify the ACS in a band-agnostic way the wanted signal level and the interferer are related to the sensitivity of the SCC (highest transmitter noise) verified by using a transmitter power 4 dB below the maximum. For Band 1, this sensitivity level for the SCC would given by

PREF = PREFSENS + MSDSCC = -94 dBm + 0 dB = -94 dBm 
with PREFSENS the reference sensitivity level for the Secondary CC (as a standalone carrier and verified in accordance with Rel-8). The lowest wanted signal level on the SCC in the ACS test (Case 1) is then given with a specific offset to this sensitivity

PREFSENS + MSDSCC + offset = -94 dBm + offset
We have tentatively assumed offset = 14 dB in [2]. The interferer power is also related to the SCC sensitivity level when configured adjacent to the SCC, the level is 

-94 dBm + offset + 10 log10(1+BWPCC/BWSCC) + ACS_CA = -94 dBm + offset + 3 dB + ACS_CA
in principle (notation according to [2]). The bandwidth scaling factor ensures that the ratio of the interferer power to the total aggregated wanted signal is ACS_CA, the requirement. 

The wanted power level of the PCC is scaled according to the bandwidth difference so that the wanted power spectral density is constant across the two CC (corresponds to common origin),
PREFSENS + MSDSCC + 10 log10(BWPCC/BWSCC) + offset = -94 dBm + 0 dB + 0 dB + offset = -94 dBm + offset
for Case 1. The interferer power is related to the PCC wanted signal level when configured adjacent to the PCC, the interferer power is then 

PREFSENS + MSDSCC + 10 log10(BWPCC/BWSCC) + offset + 10 log10(1+BWSCC/BWPCC) + ACS_CA = 
-94 dBm + offset + 3 dB + ACS_CA,
always the same as for the SCC even if the bandwidths are unequal (we are interested in the relation to the aggregated signal). See [2] for more background on the configuration of wanted and interferer signal levels with unequal bandwidths.
The throughput on the two active CC(s) shall be > 95% of the maximum of the respective for PCC and SCC (may be different of the bandwidths are unequal) regardless of the adjacent interferer location. The levels for CA_40 would be the same since MSDSCC = 0 dB then, the wanted signal is always set relative to PREFSENS for TDD CA.
The difference to the Rel-8 test is that the latter is verified using the uplink allocation for the reference sensitivity test (and with a 4 dB back-off), which is less than the maximum transmission configuration. In the CA test the configuration is always the maximum.
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