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1 Background
It has been agreed earlier to use the MSD metric for verifying the reference sensitivity for A2 combinations. Furthermore, for the Band 4 + Band 17 combination, it has been agreed to,

1. set the carrier frequency of the Band 17 uplink channel at 1/3 of that of the Band 4 downlink channel,
2. use a Band 17 uplink allocation that is 1/3 of the maximum transmission configuration of the Band 4 downlink channel,
following the proposed way forward in [1]. In this contribution, we propose MSD values based on the following:
· an allowed desensitization that requires a modest isolation (< 80 dB) and harmonic rejection at the Band 4 RX

· a required isolation at Band 4 RX still chosen such that the wanted signal levels for the receiver tests need no modification for class A2.
We also discuss the choice of MSD as metric. MSD is expressed relative to the reference sensitivity for single-band operation: a minimum input power level at which a throughput requirement shall be met for a certain uplink allocation. For the agreement above and the verification of the harmonic suppression, a different uplink allocation is assumed. Hence a different notion is perhaps more appropriate, but with the test configuration as described above. Nevertheless, we start by discussing the desensitization in terms of an MSD requirement.
2 Proposed MSD requirements 

We present results in terms of the isolation required from the TX port in Band 12/17 to the RX port in Band 4. The results do not only include the nonlinearities of the Band 17 PA and the front end, but also effects caused in the RFIC, e.g. by the RX LNA and coupling.
Table 1 and Table 2 show the MSD for different isolation at the Band 4 RX band on the main branch, i.e. a TX/RX branch. The attenuation required on a diversity branch would be smaller for a given MSD. We assume that the transceiver allows harmonic suppression and an increased IL in the Band 12/17 uplink path: the lower tolerance of the MOP for Band 12/17 is relaxed by 0.3 + 0.5 dB = 0.8 dB in accordance with the proposal in [2] that is applicable for any type of inter-band combination. The Band 12/17 uplink allocations are RB_size = 8 RB for the 5 MHz a channel in Band 4 and RB_size = 16 RB for 10 MHz, with the EARFCN of the channels chosen such that the 3rd harmonics are centered in the Band 4 RX channel.
Table 1: MSD for inter-band CA with one uplink band [two downlinks active] for 5 MHz
	MSD [dB]
	ISO@B4RX on main branch [dB]

	12
	70

	8
	75

	5
	80

	2
	85

	0
	>95


Table 2: MSD for inter-band CA with one uplink band [two downlinks active] for 10 MHz
	MSD [dB]
	ISO@B4RX on main branch [dB]

	10
	70

	6
	75

	3
	80

	0
	>85


For the minimum requirements, we propose to use the results for 75 dB required isolation: 8 dB for the 5 MHz and 6 dB for the 10 MHz channel. The isolation requirements for a receiver branch would be less stringent at these MSD levels, an order of 10 dB lower.
3 Impact on harmonics for wanted signal level of receiver tests

The isolation required for the specified MSD should be such that the wanted signals of the receiver tests need no modification due to the harmonics. The wanted signal level is set in relation to REFSENS with a test-dependent power offset, e.g. +6 dB for many of the blocker tests. If the uplink is active in Band 12/17 and a downlink in Band 4 is measured, the 3rd harmonics may influence the wanted signal level in Band 4. However, the transmitter is active at a power level of 4 dB below the maximum, which reduces the harmonics and thereby the isolation requirement. Table 3 shows the required isolation at RX to maintain the SNR at the wanted signal level for the respective test: if the isolation is lower, then there will be an impact on the wanted signal level and a larger power offset is need. 
Table 3: isolation required for various receiver test in order to maintain wanted signal level
	Test
	Required ISO@B4RX on main branch [dB]

	ACS
	< 60

	In-band blocking, Case 1
	63

	Wide-band intermodulation
	63

	NB blocking
	< 60


We observe that the proposed MSD requirement at 75 dB isolation implies that the wanted signal of the receiver tests can be maintained for A2 combinations: no additional power offset is needed to account for harmonics.
4 In the specification: call MSD something else?
The MSD concept as discussed in [3] was based on maintaining the uplink allocations of Rel-9 for all bandwidth combinations, e.g. for the CA_4A-17A combinations with the uplink active in Band 17, 20 RB would be allocated. Hence the MSD for the lower band (Band 17) should be 0 dB in relation to REFSENS (non-CA), while the allowed MSD for the upper band is > 0 dB in relation to its corresponding minimum mean power level (without the uplink active in the high band). The Band 17 allocation would be the same regardless of the channel bandwidth measured in Band 4. Now, the agreed uplink allocations are dependent on the channel bandwidth of the high band and would no longer be related to REFSENS for non-CA. The allocations are indeed viable, but it may be better to replace the notion of MSD to avoid misunderstanding, and instead
· use “reference sensitivity for carrier aggregation”  and specify the minimum mean power for each band given the agreed test configuration.
Firstly, there is no need to specify a requirement when the transmitter is active in the upper band: the standard requirements for any other CA configuration apply then. An exception from the standard test configuration and minimum requirements is then made when the uplink is active in the lower band:

1. the UL EARFCN of the low band (LB) should be 1/3 of the DL EARFCN of the high band (HB): 
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2. the UL EARFCN must also be such that the uplink channel fits in the low band: 
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 the DL EARFCN of the high band and 
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 the channel bandwidth configured in the low band,
3. the UL allocation should be centred within the channel assigned in the low band,
4. the minimum power level for the low band when the UL allocation in the low band corresponds 1/3 of the bandwidth of the upper channel should be the same as that for the reference sensitivity, e.g. -97 dBm and -94 dB for the 5 MHz and 10 MHz of Band 17
5. the UL allocation in the low band should be same regardless of the bandwidth configured in the low band, unless the allocation above exceeds that used for REFSENS (non-CA) for the UL bandwidth (e.g. if a 20 MHz channel would be configured in Band 4, the UL allocation in Band 17 should still be 20 RB).

For this test, the reference sensitivity requirement for Band 12 + Band 4 and Band 17 + Band 4 would be (the uplink active in the low band)
· Band 12/17: -97 dBm and -94 dBm for the respective 5 MHz and 10 MHz bandwidths in Band 12/17, this irrespective of uplink allocation (less than 20 RB used in the reference sensitivity test)
· Band 4: -100 dBm + 8 dB [MSD] = -92 dBm for the 5 MHz bandwidth (Band 4) and 8 RB allocation in Band 12/17, and -97 dBm + 6 dB [MSD] = -91 dBm for the 10 MHz bandwidth (Band 4) and 16 RB allocation in Band 12/17.

Proposed specification text is shown below. This format can easily accommodate new CA configurations of class A2 as well as new bandwidth combinations for the existing configurations.
< start of changes > 

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-0, the UE shall meet the requirements specified in Table 7.3.1A-0a, Table 7.3.1A-0a and Table 7.3.1A-0c when the uplink is active in the lower-frequency operating band.
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_12A-4A
	12
	
	
	-97
	-94
	
	
	FDD

	
	4
	
	
	[-92]
	[-91]
	
	
	

	CA_17A-4A
	17
	
	
	-97
	-94
	
	
	FDD

	
	4
	
	
	[-92]
	[-91]
	
	
	

	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


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_12A-4A
	12
	
	
	83
	163
	
	
	FDD

	CA_17A-4A
	17
	
	
	83
	163
	
	
	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:
the UL EARFCN of the low band (superscript LB) should be such that 
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 the DL EARFCN of the high band and 
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 the channel bandwidth configured in the low band.


Unless given by Table 7.3.1A-0c, the minimum requirements specified in Tables 7.3.1A-0a and 7.3.1A-0b shall be verified with the network signalling value NS_01 (Table 6.2.4-1) configured. 
 Table 7.3.1A-0c: Network signalling value for reference sensitivity

	E-UTRA CA Configuration
	Uplink Band
	Network Signalling value

	CA_4A-12A
	12
	NS_06 

	CA_4A-17A
	17
	NS_06


For intra-band contiguous carrier aggregation the throughput of each component carrier 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 7.3.1A-1. Table 7.3.1A-1 specifies the maximum number of allocated uplink resource blocks for which the intra-band contiguous carrier aggregation reference sensitivity requirement shall be met. The PCC and SCC allocations follow Table 7.3.1-2 and form a contiguous allocation where TX–RX frequency separations are as defined in Table 5.7.4-1. For UE(s) supporting one uplink carrier, the uplink configuration of the PCC shall be 

Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity

	CA configuration / CC combination / NRB_agg / Duplex mode

	CA configuration


	100RB+50RB
	75RB+75RB
	100RB+75RB
	100RB+100RB
	Duplex Mode



	
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	

	CA_1C
	n/a
	n/a
	75
	55
	n/a
	n/a
	100
	30
	FDD

	CA_40C
	100
	50
	75
	75
	n/a
	n/a
	100
	100
	TDD

	CA_41C
	100
	50
	75
	75
	100
	75
	100
	100
	TDD

	NOTE 1:
The carrier centre frequency of SCC in the UL operating band is configured closer to the DL operating band.
NOTE 2: 
The transmitted power over both PCC and SCC shall be set to PUMAX as defined in subclause 6.2.5.
NOTE 3: 
The UL resource blocks in both PCC and SCC shall be confined within the transmission bandwidth configuration for the channel bandwidth (Table 5.6-1).


7.3.1B
Minimum requirements (QPSK) for UL-MIMO
< end of changes > 

5 Proposal
It is proposed that

· the MSD metric is replaced by “reference sensitivity for carrier aggregation” that is only specified (as an exception) when the uplink is active in the low band for combinations of type A2

· for CA_4A-17A and CA_4A-12A, the allowed desensitization for the 5 MHz and 10 MHz channel bandwidth in Band 4 is 8 dB and 6 dB, respectively,
· the offsets for the wanted signal levels in all receiver tests are maintained for CA_4A-17A and CA_4A-12A.

A CR for introducing the sensitivity for carrier aggregation is supplied in [4].
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