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1.
Introduction

At RAN4#66 in Malta, R4-130610 [1] was proposed to define the Receiver sensitivity relaxation for UEs configured with CA. Although [1] was originally raised for Rel-10, subsequent discussions showed that the part relating to the proposed Annex B.4.3 is applicable to Rel-11. This paper therefore refers to Rel-11.   
B.4.3 Receiver sensitivity relaxation for UEs configured with CA
B.4.3.1
Inter-band carrier aggregation with uplink active in low band
In this section, requirements exceptions are described for UEs configured with inter-band carrier aggregation with uplink active in low band.
A relevant side condition (e.g., E-UTRA RSRP, SCH_RP, PRP, or Io) in a requirement shall be increased by the amount Δ=L2-L1, where L1 is the corresponding side condition specified in 36.133, and L2 is the reference sensitivity level specified in 36.101, Table 7.3.1A-0a, normalized to subcarrier, when the following conditions are fulfilled,

-
both downlink component carriers on different bands are configured with CA and active, 

-
the single uplink is active in the low frequency operating band, 
-
the exception requirements specified in TS36.101, Table 7.3.1A-0a, apply.
If the relaxation Δ specified in this section applies, then the relaxation specified in Section B.4.2 should not be applied.
This document aims to clarify how the Refsens-related relaxation should be applied to the measurement performance requirements and side conditions defined in TS 36.133 [2].

2.
Calculation of side conditions from relevant sections in TS 36.101 
The following sections extracted from TS 36.101 [3] are relevant to the Refsens-related relaxations:

7.3.1

Minimum requirements (QPSK) 

The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and table 7.3.1-2

Table 7.3.1-1: Reference sensitivity QPSK PREFSENS 

	Channel bandwidth

	E-UTRA Band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	5
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	6
	
	
	-100
	-97
	
	
	FDD

	7
	
	
	-98
	-95
	-93.2
	-92
	FDD

	8
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	9
	
	
	-99
	-96
	-94.2
	-93
	FDD

	10
	
	
	-100
	-97
	-95.2
	-94
	FDD

	11
	
	
	-100
	-97
	
	
	FDD

	12
	-101.7
	-98.7
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	-97
	-94
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	
	
	-97
	-94
	
	
	FDD

	18
	
	
	-1007
	 -977
	-95.27 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	-97
	-94
	-91.2
	-90
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	22
	
	
	-97
	-94
	-92.2
	-91
	FDD

	23
	-104.7
	-101.7
	-100
	-97
	-95.2
	-94
	FDD

	24
	
	
	-100
	-97
	
	
	FDD

	25
	-101.2
	-98.2
	-96.5
	-93.5
	-91.7
	-90.5
	FDD

	26
	-102.7
	-99.7
	-97.56
	-94.56
	-92.76
	
	FDD

	27
	-103.2
	-100.2
	-98
	-95
	
	
	FDD

	28
	
	-100.2
	-98.5
	-95.5
	-93.7
	-91
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	
	TDD

	35
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	36
	-106.2
	-102.2
	-100
	-97
	-95.2
	-94
	TDD

	37
	
	
	-100
	-97
	-95.2
	-94
	TDD

	38
	
	
	-100
	-97
	-95.2
	-94
	TDD

	39
	
	
	-100
	-97
	-95.2
	-94
	TDD

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	44
	
	[-100.2]
	 [-98]
	[-95]
	[-93.2]
	[-92]
	TDD

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
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 3:
The signal power is specified per port

NOTE 4:
For the UE which supports both Band 3 and Band 9 the reference sensitivity level is FFS.

NOTE 5:
For the UE which supports both Band 11 and Band 21 the reference sensitivity level is FFS.

NOTE 6:
6  indicates that the requirement is modified by -0.5 dB when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 7:
For a UE that support both Band 18 and Band 26, the reference sensitivity level for Band 26 applies for the applicable channel bandwidths.


The reference receive sensitivity (REFSENS) requirement specified in Table 7.3.1-1 shall be met for an uplink transmission bandwidth less than or equal to that specified in Table 7.3.1-2.

<< clauses skipped >>

7.3.1A

Minimum requirements (QPSK) for CA

For inter-band carrier aggregation with uplink assigned to one E-UTRA band the throughput shall be ≥ 95% of the maximum throughput of the reference measurement channels as specified in Annexes A.2.2, A.2.3 and A.3.2 (with one sided dynamic OCNG Pattern OP.1 FDD/TDD for the DL-signal as described in Annex A.5.1.1/A.5.2.1) with parameters specified in Table 7.3.1-1 and Table 7.3.1-2. The reference sensitivity is defined to be met with both downlink component carriers active and either of the uplink carriers active. The UE shall meet the requirements specified in subclause 7.3.1 with the following exceptions. For the UE that supports any of the E-UTRA CA configurations given in Table 7.3.1A-0a, exceptions are allowed when the uplink active in the lower-frequency operating band is within a specified frequency range as noted in Table 7.3.1A-0a. For these exceptions, the UE shall meet the requirements specified in Table 7.3.1A-0a, Table 7.3.1A-0b and Table 7.3.1A-0c.

Table 7.3.1A-0a: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA
	Channel bandwidth

	EUTRA CA Configuration
	EUTRA band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_3A-8A4
	3
	
	
	
	N/A
	N/A
	N/A
	FDD

	
	8
	
	
	-98
	-95
	
	
	

	CA_4A-12A5
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	
	
	FDD

	
	12
	
	
	-97
	-94
	
	
	

	CA_4A-17A5
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-97
	-94
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5

NOTE 2:
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 3:
The signal power is specified per port
NOTE 4:
No requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 2nd harmonic is within the transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1A apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the transmission bandwidth of the low band for which the 3rd harmonic is within transmission bandwidth of the high band. The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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Table 7.3.1A-0b: Uplink configuration for the low band

	E-UTRA Band / Channel bandwidth of the high band / NRB / Duplex mode

	EUTRA CA Configuration
	UL band
	1.4 MHz

(dBm)
	3 MHz

(dBm)
	5 MHz

(dBm)
	10 MHz

(dBm)
	15 MHz

(dBm)
	20 MHz

(dBm)
	Duplex mode

	CA_3A-8A
	
	
	
	Any
	Any
	
	
	FDD

	CA_4A-12A
	12
	2
	5
	8
	16
	
	
	FDD

	CA_4A-17A
	17
	
	
	8
	16
	
	
	FDD

	NOTE 1:
refers to the UL resource blocks, which shall be centred within the transmission bandwidth configuration for the channel bandwidth

NOTE 2:
the UL configuration applies regardless of the channel bandwidth of the low band unless the UL resource blocks exceed that specified in Table 7.3.1-2 for the uplink bandwidth in which case the allocation according to Table 7.3.1-2 applies
NOTE 3:
N/A in this table indicates that no reference sensitivity requirement is specified for the case where at least one individual RE within the transmission bandwidth (see Figure 5.6-1) for which the 2nd or 3rd harmonic, i.e., the frequency equal to two or three times the frequency of that RE, is within the downlink channel.


In Anritsu’s understanding, the Refsens-related relaxations for UEs configured with CA is determined by the difference in Refsens between Table 7.3.1-1 and Table 7.3.1A-0a. For example, choosing CA with Band 4 and Band 12, in 5MHz channel Bandwidth, the relevant figures (turquoise highlight) would be:

· Refsens in Table 7.3.1-1 for Band 4, 5MHz Ch BW: -100dBm/4.5MHz 

· Refsens in Table 7.3.1A-0a for Band 4, 5MHz Ch BW: -90dBm/4.5MHz
· Difference in Refsens = -90dBm – (-100dBm) = +10dB
To calculate the absolute Refsens figures for Band 4, 5MHz Ch BW in 15kHz, we can convert:

· Refsens in Table 7.3.1-1 for Band 4: -100dBm +10*Log10(15kHz/(25*180kHz)): -124.8dBm/15kHz
· Refsens in Table 7.3.1A-0a for Band 4: -90dBm +10*Log10(15kHz/(25*180kHz)): -114.8dBm/15kHz
· Difference in Refsens = -114.8dBm – (-124.8dBm) = +10dB
To calculate the side conditions, taking an example extract from TS 36.133 [2]: 

Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy
	Accuracy
	Conditions Note 5

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	N/A
	-70

	
	
	
	9, 42, 43
	-120
	N/A
	-70

	
	
	
	28
	-119.5
	N/A
	-70

	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	N/A
	-70

	
	
	
	26
	-118.5 Note 2
	N/A
	-70

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22
	-118
	N/A
	-70

	
	
	
	29 Note 4
	-118
	N/A
	-70

	
	
	
	25
	-117.5
	N/A
	-70

	(8
	(11
	(-6 dB
	Note 3
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
The same bands apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 4:
This band is used only for E-UTRA carrier aggregation with other E-UTRA bands.
NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


To calculate the applicable Io value: 

· Min Io in Table 9.1.2.1-1 for Band 4: -121dBm + (-114.8dBm – (-124.8dBm)) = -111dBm/15kHz 

We also make the following observations: 

· The Min Io/15kHz value in TS 36.133 Table 9.1.2.1-1 is consistently set 3.8dB higher than the Refsens value in TS 36.101 Table 7.3.1-1, when both are expressed in 15kHz. So the Io lower limit is not the same value as Refsens itself.
· The proposed Note 5 in for example TS 36.133 Table 9.1.2.1-1 only applies to the “Minimum Io in dBm/15kHz” condition, not to the -70dBm/BWchannel or -50dBm/BWchannel figures.

If we apply the formula proposed in [1] for Annex B.4.3: “A relevant side condition (e.g., E-UTRA RSRP, SCH_RP, PRP, or Io) in a requirement shall be increased by the amount Δ=L2-L1, where L1 is the corresponding side condition specified in 36.133, and L2 is the reference sensitivity level specified in 36.101, Table 7.3.1A-0a, normalized to subcarrier” the calculation would be:

L1 = corresponding side condition specified in 36.133, for example Min Io in Table 9.1.2.1-1 for Band 4, which is already normalized to subcarrier: L1 = -121dBm/15kHz
L2 = Refsens level specified in 36.101, Table 7.3.1A-0a, normalized to subcarrier for Band 4, 5MHz Ch BW gives : -90dBm +10*Log10(15kHz/(25*180kHz)): L2 = -114.8dBm/15kHz
To calculate the applicable Io value: 

· “..requirement shall be increased by the amount Δ=L2-L1” gives Min Io in Table 9.1.2.1-1 for Band 4: -121dBm + (-114.8dBm – (-121dBm)) = -114.8dBm/15kHz 

Comparing the green highlight Io values calculated in the different ways shows a discrepancy of 3.8dB.
3.
Way forward 
We therefore believe that the proposed Annex B.4.3.1 should be revised as below:

B.4.3 Receiver sensitivity relaxation for UEs configured with CA
B.4.3.1
Inter-band carrier aggregation with uplink active in low band
In this section, requirements exceptions are described for UEs configured with inter-band carrier aggregation with uplink active in low band.
A relevant side condition (e.g., E-UTRA RSRP, SCH_RP, PRP, or Io) in a requirement shall be increased by the amount Δ=L2-L1, where L1 is the reference sensitivity level specified in 36.101, Table 7.3.1-1, and L2 is the reference sensitivity level specified in 36.101, Table 7.3.1A-0a, when the following conditions are fulfilled,

-
both downlink component carriers on different bands are configured with CA and active, 

-
the single uplink is active in the low frequency operating band, 
-
the exception requirements specified in TS36.101, Table 7.3.1A-0a, apply.
If the relaxation Δ specified in this section applies, then the relaxation specified in Section B.4.2 should not be applied.
If the above reasoning is correct, Annex B.4.3.2 should be revised to align. In both cases there is no need to normalise the values in TS 36.101 to 15kHz, since the conversion cancels out in the calculation.
Also, the new note in TS 36.133 tables such as 9.1.2.1-1 should be revised as below:

Table 9.1.2.1-1: RSRP Intra frequency absolute accuracy
	Accuracy
	Conditions

	Normal condition
	Extreme condition
	Ês/Iot
	Io Note 1 range

	
	
	
	E-UTRA operating bands
	Minimum Io
	Maximum Io

	dB
	dB
	dB
	
	dBm/15kHz Note 5
	dBm/BWChannel
	dBm/BWChannel

	(6
	(9
	(-6 dB
	1, 4, 6, 10, 11, 18, 19, 21, 23, 24, 33, 34, 35, 36, 37, 38, 39, 40
	-121
	N/A
	-70

	
	
	
	9, 42, 43
	-120
	N/A
	-70

	
	
	
	28
	-119.5
	N/A
	-70

	
	
	
	2, 5, 7, 27, 41, [44]
	-119
	N/A
	-70

	
	
	
	26
	-118.5 Note 2
	N/A
	-70

	
	
	
	3, 8, 12, 13, 14, 17, 20, 22
	-118
	N/A
	-70

	
	
	
	29 Note 4
	-118
	N/A
	-70

	
	
	
	25
	-117.5
	N/A
	-70

	(8
	(11
	(-6 dB
	Note 3
	N/A
	-70
	-50

	NOTE 1:
Io is assumed to have constant EPRE across the bandwidth.

NOTE 2:
The condition has the minimum Io of -119 dBm/15kHz when the carrier frequency of the assigned E-UTRA channel bandwidth is within 865-894 MHz.

NOTE 3:
The same bands apply for this requirement as for the corresponding highest accuracy requirement.
NOTE 4:
This band is used only for E-UTRA carrier aggregation with other E-UTRA bands.
NOTE 5:
The condition level is increased by ∆>0, when applicable, as described in Sections B.4.2 and B.4.3.


4. Summary and recommendations

Based on the above analysis, we recommend that the requirement Tables 9.x in TS 36.133 and any new Annex B.4.3 should incorporate the changes in section 3 “Way forward” above.
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