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1
Introduction

Here is yet another go at reference sensitivity for carrier aggregation. We propose that the reference sensitivity for intra-band carrier aggregation is specified as described in [1] and supply a text proposal for Annex B of TR 36.807. 

The main idea of the proposal in [1] is that
· the Rel-8/9 REFSENS requirement applied to each CC separately is also the reference for CA

· a MSD (Maximum Sensitivity degradation) for PCC and SCC with full uplink allocation but with a 4 dB back-off is specified as an additional requirement and verified in a complementary test. 
The minimum signal level for which a throughput requirement must be met for each CC is thus

REFSENS (Rel-8/9 for SCC or PCC) + MSD (for SCC or PCC with full uplink allocation and 4 dB back-off).
This test methodology applies for UE(s) supporting up to two UL CC(s) but can be generalized to a larger number of uplinks. The noise factor is determined by the Rel-8/9 test, and the complementary test is devised so as to facilitate the specification of all other receiver tests in a more band agnostic way.
Moreover, the MSD will give a hint about the desensitization when CA is deployed and can be used for the Rel-10 system description in relevant ITU-R recommendations. The requirement is verified with a total uplink power 4 dB below the maximum at full allocation. It is recognized that this is not the worst case. But the current reference sensitivity requirements also contain restrictions: the uplink allocation is not the maximum for some bandwidth and operating band combinations.
We concentrate on FDD but the tests should be carried out in the same fashion for TDD (no transmitter noise). 
2
Background
Since the basic linearity and filtering requirements are set by the single carrier case (Rel-8), i.e. the noise-factor, the new tests should be complementary to this baseline requirement that anyway needs to be met for each CC without CA activated. The additional requirement above is such a complement that is useful for deriving the wanted signal level for all the receiver tests. The uplink is operated at 4 dB power back-off which reduces the TX noise but effects like cross-modulation with interferers (in the RF tests) still produce significant noise products of wide bandwidth due to the full uplink allocation.
Hence the reference sensitivity as specified in Rel-8/9 remains a true reference, and we use MSD to derive the allowed level, the wanted signal level then becomes for e.g. the blocking test
REFSENS (Rel-8/9) + MSD (for SCC or PCC with full allocation and 4 dB back-off) + channel-specific offset,

Then it might be possible to use the same offset for most operating bands since MSD is measured at 4 dB back-off. The absolute wanted signal levels in the RF tests will vary less with respect to the fixed blocker level that is same for all bands. For Rel-8/9 we just set MSD = 0 dB and use the appropriate offsets. 
The MSD with a 4 dB back-off could also be used to indicate network performance for a case that is more realistic than full power on two UL CC(s) while receiving at the REFSENS level. 

The proposed method is also illustrated in Figure 1. The duplex spacing is the default (but the carrier separation may not be according to legacy). 


[image: image1.emf] 

UL  

 f duplex  



[image: image2.emf] 

UL  

DL  

 f duplex  



[image: image3.emf] 

UL  

DL  

 f duplex  


Figure 1: Illustration of the proposed method for verifying reference sensitivity for one and two UL CC(s), the total output power back-off is 4 dB in the lower two (pictures not to scale)
The following would be specified for a Rel-10 UE supporting carrier aggregation:
· the UE shall meet the Rel-8/9 REFSENS requirement with the PCC active (Figure 1 top) and full uplink power and allocation according to Rel-8/9 (the case of a limited uplink transmission bandwidth is shown above)

· in addition, for UE(s) supporting one UL CC: sensitivity for the PCC and SCC with the primary UL active and with one UL CC configured with full allocation and a power reduction if 4 dB from the total,
· in addition, for UE(s) supporting two UL CC(s): sensitivity for the PCC and SCC with two UL CC(s) configured with full allocation and a power reduction if 4 dB from the total.
The minimum levels for the latter two are specified as an MSD with respect to the corresponding Rel-8/9 REFSENS. It may be sufficient to specify the MSD for the SCC if located closest to the transmit band.

Next we give numerical values of the reference sensitivity using this method for a UE supporting one or two UL CC(s) for FDD (readers familiar with [1] can skip the rest). It is recognised that only Band 1 is considered for Rel-10, but to check the feasibility of the method we consider Band 3 that has a much smaller duplex spacing, 95 MHz as compared to the 190 MHz of Band 3. For Rel-8, Band 1 has a 3 dB tighter sensitivity than Band 3, but the transmitter noise will be even more dominating for CA due to spectral re-growth so it is relevant to consider an operating band with a smaller duplex spacing.
We consider two aggregated 20 MHz carriers for Band 3 with the SCC closest to the transmit band. The first thing to consider is the relevant power reduction (MPR) at full power in order to satisfy the ACLR requirements and the spectral mask. Here we assume that the legacy carrier spacing is used, a smaller carrier spacing will require somewhat smaller power reduction. Figure 2 shows the emission from two 20 MHz uplink carriers as measured at the antenna port, but with no additional duplexer attenuation assumed outside the (maximum) transmission configuration.  We observe that a 2 dB MPR is needed to meet the Rel-8 spectrum mask.  
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Figure 2: emission for two 20 MHz CC at nominal duplex spacing.
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, closest to the transmit band at 75 MHz spacing from the primary uplink, and for the Primary CC at 95 MHz spacing. The E-UTRA ACLR is also shown (20 MHz adjacent channel): we note that a power reduction of 1.5 dB is needed, and from Figure 2 we observed that a further 0.5 dB is needed to stay below the legacy emission mask. 
Table 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
	46.4
	53.0

	18
	
	39.0
	59.5
	68.9

	21.5
	1.5
	30.9
	48.3
	55.1

	17.5
	
	39.0
	60.7
	70.5

	21
	2
	33.2
	50.2
	57.4

	17
	
	38.8
	61.8
	71.7


The relevant uplink power is then 23 dBm – 2 dB – 4 dB = 17 dBm. For a UE that supports one UL CC, Table 2 shows the corresponding ACLRRX for the PCC and SCC with the SCC located closest to the transmit band (worst-case desensitization). In this case 1 dB back-off is sufficient (ACLR1 > 30 dB) so the relevant output power is 18 dBm.
Table 2: ACLR for PCC and SCC for one UL CC
	Output power [dBm]
	MPR [dB]
	E-UTRA ACLR1 [dBc]
	 ACLR_RX SCC

[dBc]
	ACLR_RX PCC [dBc]

	22
	1
	32.1
	63.5
	69.4

	18
	
	39.9
	81.9
	89.5

	21.5
	1.5
	34.2
	65.4
	71.1

	17.5
	
	39.9
	84.2
	93.2

	21
	2
	36.2
	67.3
	73.0

	17
	
	38.8
	86.2
	94.5


Table 3 shows the resulting sensitivity using the assumptions of [2] for the PCC and SCC with two UL CC(s): the transmitter architecture assumed is two PA(s), but the results for the diversity architecture are similar. Taking the 21 dBm output power as the baseline, the results for 4 dB power reduction shows a 0.5 dB sensitivity degradation for the PCC compared to Rel-8 and a 5 dB degradation for the SCC. The Rel-8 result assumes 22 dBm output power and full allocation; the corresponding results for CC are entered in italics since the E-UTRA ACLR is not satisfied with a 1 dB power reduction (MPR).
Table 3: sensitivity for PCC and SCC (FDD) for two UL CC
	Output power [dBm]
	MPR [dB]
	 Sensitivity SCC

[dBm]
	Sensitivity PCC [dBm]
	REFSENS Rel-8 [dBm]

	22
	1
	-67.3
	-74.0
	-91

	18
	
	-83.7
	-89.4
	N/A

	21.5
	1.5
	-69.8
	-76.4
	

	17.5
	
	-85.1
	-90.2
	

	21
	2
	-72.1
	-79.1
	

	17
	
	-86.2
	-90.5
	


Table 4 shows the corresponding result for one UL CC. The relevant output power for the sensitivity requirement is 18 dBm (1 dB back-off suffices here).
Table 4: sensitivity for PCC and SCC (FDD) for one UL CC
	Output power [dBm]
	MPR [dB]
	 Sensitivity SCC

[dBm]
	Sensitivity PCC [dBm]
	REFSENS Rel-8 [dBm]

	22
	1
	-83.7
	-87.8
	-91

	18
	
	-90.9
	-91.3
	N/A

	21.5
	1.5
	-85.2
	-88.7
	

	17.5
	
	-91,2
	-91.4
	

	21
	2
	-86.5
	-89.5
	

	17
	
	-91.3
	-91.4
	


Finally, the relevant MSD for one and two UL are shown in Table 5 (sensitivity in Tables 3 and 4 relative to -91 dBm).
Table 5: MSD for PCC and SCC (FDD)
	Output power [dBm]
	No of UL CC
	 MSD SCC

[dB]
	MSD PCC

 [dB]

	18
	1
	0
	0

	17
	2
	5
	1


Together with the Rel-8/9 REFSENS requirement for the PCC configured as a standalone carrier, the table above would specify the additional sensitivity requirement for Rel-10 UE(s) supporting CA.
Returning to the rationale for using a 4 dB back-off when measuring the reference sensitivity, the aim is to avoid the need to specify a band-dependent power offset for the wanted signal w r t REFSENS in the blocking tests in order to make sure that the blocker suppression is verified under similar conditions in all operating bands. For Rel-8 the wanted signal level is specified as

PREFSENS + channel-bandwidth specific value

where the power offset for a specific bandwidth is the same for all operating bands (e.g. 9 dB offset for the 20 MHz bandwidth). The absolute level of the blocker is always fixed: -56 dBm for the first case of in-band blocking for example. For the 20 MHz bandwidth, the sensitivity assumes 22 dBm output power, and the wanted signal level set at -91 dBm + 9 dB = -82 dBm for Band 3; this absolute level varies 3 dB across all operating band supporting the 20 MHz channel. The impact of the transmitter noise is reduced in the blocking test by reducing the uplink output power by 4 dB. 
Suppose then we adopt the same method for two UL CC(s) with the sensitivity of the SCC as the reference for the wanted signal and the PCC at the same power. In Table 3 we observe that there is a 14 dB difference between the sensitivity results for 21 and 17 dBm output powers: the former would be used to define the absolute level of the wanted signal in the blocking test and the latter contains the transmitter noise with a 4 dB uplink back-off. Using a fixed power offset, it is expected that the reference sensitivity of the SCC and hence the wanted signal level would vary significantly between operating bands, whereas the sensitivity at 4 dB back-off would exhibit a smaller variation between operating bands – the blocker level would still be fixed at -56 dBm. 

The wanted signal for the blocker test could be set as (SCC the worst case)

PREFSENS + MSDSCC + channel-bandwidth specific value

For a 4 dB back-off we have MSDSCC = 5 dB with two UL CC, whereas for full power MSDSCC = 19 dB (Table 3 at 21 dBm). Using the proposed method it may be possible to use the same channel-bandwidth specific value for most, if not all, operating bands. A proposal for the ACS tests in line with the above is given in [3]. 

3
Proposal

We propose to specify sensitivity for a Rel-10 UE supporting carrier aggregation (FDD) as follows:

· the UE shall meet the Rel-8/9 REFSENS requirement with the PCC active and full uplink power and allocation according to Rel-8/9
· the SCC located closest to the transmit band 
· in addition, for UE(s) supporting one UL CC: sensitivity for the PCC and SCC with the primary UL active and with one UL CC configured with full allocation and a power reduction if 4 dB from the total,

· in addition, for UE(s) supporting two UL CC(s): sensitivity for the PCC and SCC with two UL CC(s) configured with full allocation and a power reduction if 4 dB from the total.
For the additional requirement it is proposed to verify the Secondary CC only (closest to the transmit band) to minimise test time. The same method should be used for FDD and TDD, but the MSD can be set to zero for TDD assuming synchronised CC(s). 
We propose that the text proposal below is included into TR 36.807 Annex B. For the version below we assume that the bandwidth of the PCC and SCC is the same, but this restriction can easily be removed.
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TEXT PROPOSAL:

<start of text proposal for Annex B: Clause 7.3>
7.3
Reference sensitivity power level

The reference sensitivity power level REFSENS is the minimum mean power applied to both the UE antenna ports at which the throughput shall meet or exceed the requirements for the specified reference measurement channel.
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
	-103.2
	-100.2
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-102.2
	-99.2
	-97 
	-94
	-92.2
	-91
	FDD

	4
	-105.2
	-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
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	13
	
	
	-97
	-94
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	…
	
	
	
	
	
	
	

	17
	-102.2
	-99.2
	-97
	-94
	
	
	FDD

	18
	
	
	-100
	 -97
	-95.2 
	
	FDD

	19
	
	
	-100
	 -97
	-95.2 
	
	FDD

	20
	
	
	[-97]
	[-94]
	TBD
	TBD
	FDD

	21
	
	
	-100
	 -97
	-95.2 
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	-100
	-97
	-95.2
	-94
	TDD

	34
	
	
	-100
	-97
	-95.2
	-94
	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

	Note 1:
The transmitter shall be set to PUMAX as defined in clause 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 of Band 3 + 0.5 dB is applicable for band 9 

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


Table 7.3.1-2 specifies the minimum number of allocated uplink resource blocks for which the reference receive sensitivity requirement must be met. 

Table 7.3.1-2: Minimum uplink configuration for reference sensitivity

	E-UTRA Band / Channel bandwidth / NRB / Duplex mode

	E-UTRA Band
	1.4 MHz
	3 MHz
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	Duplex Mode

	1
	-
	-
	25 
	50 
	75 
	100 
	FDD

	2
	6 
	15 
	25 
	50 
	501
	501
	FDD

	3
	6 
	15 
	25 
	50 
	501
	501
	FDD

	4
	6 
	15
	25 
	50 
	75 
	100 
	FDD

	5
	6 
	15 
	25 
	251
	
	
	FDD

	6
	
	
	25 
	251
	
	
	FDD

	7
	
	
	25 
	50 
	751
	751
	FDD

	8
	6 
	15
	25 
	251
	-
	-
	FDD

	9
	
	
	25 
	50 
	501
	501
	FDD

	10
	
	
	25 
	50 
	75 
	100 
	FDD

	11
	
	
	25
	251
	
	
	FDD

	12
	6
	15
	201
	201
	
	
	FDD

	13
	
	
	201
	201
	
	
	FDD

	14
	
	
	
	
	
	
	FDD

	...
	
	
	
	
	
	
	

	17
	
	
	201
	201
	
	
	FDD

	18
	
	
	25 
	251
	251
	
	FDD

	19
	
	
	25 
	251
	251
	
	FDD

	20
	
	
	25 
	[25]1
	TBD
	TBD
	FDD

	21
	
	
	25
	251
	251
	
	FDD

	…
	
	
	
	
	
	
	

	33
	
	
	25 
	50 
	75 
	100 
	TDD

	34
	
	
	25 
	50 
	75
	
	TDD

	35
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	36
	6 
	15 
	25 
	50 
	75 
	100 
	TDD

	37
	
	
	25 
	50 
	75 
	100 
	TDD

	38
	
	
	25 
	50 
	75
	100
	TDD

	39
	
	
	25 
	50 
	75 
	100 
	TDD

	40
	
	
	25
	50 
	75 
	100 
	TDD

	Note 1:       The number of UL  resource blocks allocated is less than the total resources blocks supported by the channel bandwidth. The UL resource blocks shall be located as close as possible to the downlink operating band but confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1). For Band 20, the location(s) of the UL resource blocks is for further study. 

Note 2:
For the UE which supports both Band 11 and Band 21 the minimum uplink configuration for reference sensitivity is FFS.




Unless given by Table 7.3.1-3, the minimum requirements specified in Tables 7.3.1-1 and 7.3.1-2 shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 

Table 7.3.1-3: Network Signalling Value for reference sensitivity

	E-UTRA Band
	Network Signalling value

	2
	NS_03 

	4
	NS_03

	10
	NS_03

	12
	NS_06

	13
	NS_06

	14
	NS_06

	17
	NS_06

	21
	NS_[09]

	35
	NS_03 

	36
	NS_03


7.3.1A

Additional requirements for intra-band contiguous carrier aggregation (QPSK) 

For intra-band contiguous carrier aggregation, an additional requirement is defined as the minimum mean power applied to both the UE antenna ports with at which the throughput shall meet or exceed the requirement for the downlink CC verified. The additional requirement is specified per CC as a power level defined in terms of a Maximum Sensitivity Degradation (MSD) with respect to PREFSENS for the said CC according to Table 7.3.1-1.  
The Primary CC shall fulfil the requirements in Clause 7.3.1 with the all other CC(s) deactivated. 
For CA Bandwidth Class A (Table 5.6A-1), the CC shall fulfil the requirements in Clause 7.3.1.
The following requirements apply for CA Bandwidth Class B and C. 

For UE(s) supporting one uplink CC, a downlink Secondary CC shall be configured with the same bandwidth as the Primary CC at nominal channel spacing as close as possible to the uplink band and with the uplink CC output power set to 4 dB below PUMAX with a PRB allocation according to Table 5.6-1. The throughput on the Secondary CC 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 7.3.1A-1 and Table 7.3.1-1. 
Table 7.3.1A-1: Maximum Sensitivity Degradation for the Secondary CC with one active uplink CC 

	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_1B]
	-
	-
	TBD
	TBD
	TBD 
	TBD 
	FDD

	
	
	
	
	
	
	
	

	[CA_40B]
	
	
	[0]
	[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




The requirement is only applicable to the Secondary CC. The minimum mean power applied to both the UE antenna ports at which the throughput requirement shall be met is expressed as MSDSCC + PREFSENS with MSDSCC the maximum sensitivity degradation for the Secondary CC and PREFSENS the reference sensitivity of the Secondary CC as specified in Table 7.3.1-1.
For UE(s) supporting two uplink CC(s), a downlink Secondary CC shall be configured with the same bandwidth as the Primary CC at nominal channel spacing as close as possible to the uplink band. Both uplink CC(s) shall be active at a total output power set to 4 dB below PUMAX and with a PRB allocation per CC according to Table 5.6-1. The throughput on the Secondary CC 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 7.3.1A-2 and Table 7.3.1-1. 
 Table 7.3.1A-2: 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_1B]
	-
	-
	TBD
	TBD
	TBD 
	TBD 
	FDD

	
	
	
	
	
	
	
	

	[CA_40B]
	
	
	[0]
	[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




Editor’s note: the same principles can be extended to > 2 downlink CC and the restriction on equal CC bandwitdhs removed.

7.3.2

Requirement for large transmission configurations 

For some combinations of bandwidths and operating bands, a certain relaxation of the UE performance is allowed when the transmission configuration is larger than that in Table 7.3.1-2. Table 7.3.2-1 specifies the allowed maximum
<end of text proposal for Annex B: Clause 7.3>
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