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1. Introduction

At RAN4 #57AH, three proposals ([1], [2], and [3]) were provided for the uplink configuration in the CA_1C reference sensitivity specification.  The proposals in [1] and [2] based on simulations were similar in their recommendations, whereas the proposal in [3] based on empirical formulation differed significantly.  In this contribution, we provide additional considerations related to [3] for further consideration.
2. Discussion

From [4], the definition of reference sensitivity for intraband carrier aggregation

The REFSENS requirement for carrier aggregation is defined in following manner.

1. One additional REFSENS test for intra-band CA and the UL allocation depends on UL-DL separation. 

2. Tx power is Pumax for both cases. 

3. The SCC is in same position always. 

4. Equal PSD for PCC and SCC

5. No MSD requirement
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For the case of carrier aggregation band CA_1C, diagram 4 applies since the UL/DL separation is large and the uplink allocation of Band 1 for single carrier Rel-8 reference sensitivity is not restricted.  
The purpose of defining a restricted uplink configuration is to minimize the impact of transmitter noise leaking into the receiver when measurement reference sensitivity.  There are several factors which contribute to this including PA spectral regrowth, harmonic and intermodulation products, duplexer Rx isolation, and noise figure of the receiver.  Obviously, each of these is band-dependent and implementation dependent; however, it is beneficial to extrapolate the results from one band and apply them to another.  For example, the linearity requirements on the PA are somewhat band independent since the same ACLR and similar spectral regrowth properties are applicable across bands.  Emissions can generally be characterized by the ACLR order, or the distance away from the transmission normalized by the occupied bandwidth.  This is essentially the basis behind the approach applied in [3] and in similar previous contributions for Rel-8 configurations.  
The following table lists the normalized spacing between the uplink transmission and the downlink for reference sensitivity for those bands and channel bandwidths where a restriction is applied.  The normalized spacing is given by 
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A normalized spacing value of 7.8 was used in deriving the recommendations of [3].

Table 1.  Normalized spacing between Tx and Rx for Rel-8 UL restricted configurations.

	Band
	Channel BW (MHz)
	UL configuration (RB)
	Normalized spacing

	2
	15
	50
	7.4

	2
	20
	50
	6.9

	5
	10
	25
	8.0

	6
	10
	25
	8.0

	7
	15
	75
	7.9

	7
	20
	75
	7.6

	8
	10
	25
	8.0

	9
	15
	50
	9.1

	9
	20
	50
	8.6

	11
	10
	25
	8.7

	12
	5
	20
	7.1

	12
	10
	20
	5.8

	13
	5
	20
	7.4

	13
	10
	20
	6.1

	14
	5
	15
	9.4

	14
	10
	15
	7.8

	17
	5
	20
	7.1

	17
	10
	20
	5.8

	18
	10
	25
	8.0

	18
	15
	25
	7.0

	19
	10
	25
	8.0

	19
	15
	25
	7.0

	20
	10
	20
	8.9

	20
	15
	20
	7.6

	20
	20
	20
	6.4

	21
	10
	25
	8.7

	21
	15
	25
	7.7


It can be seen that when the uplink configuration is restricted, the spacing between the uplink allocation and the downlink is at least 5.8 and as high as 9.4 with an average value of 7.7.  Variation comes from band-specific performance parameters and expectations as indicated above.  Note that this average value matches very closely with the value of 7.8 as proposed in [3].
We next compute the normalized spacing for the proposals in [1], [2], and [3] for the CA_1C case using the formulation in [3].  The results are shown below in Table 2.
Table 2.  Normalized spacing between Tx and Rx proposed for CA_1C.

	Proposal
	Channel BW (MHz)
	UL configuration (RB)
	Normalized spacing

	HiSilicon [1]
	15 + 15
	75 + 75
	5.7

	HiSilicon [1]
	20 + 20
	100 + 50
	5.6

	Nokia [2]
	15 + 15
	75 + 75
	5.7

	Nokia [2]
	20 + 20
	100 + 64
	5.1

	Qualcomm [3]
	15 + 15
	75 + 36
	7.8

	Qualcomm [3]
	20 + 20
	100 + 9
	7.9


The uplink configurations proposed in [1] and [2] represent normalized spacings which are smaller than even the smallest value available in Rel-8 and well smaller than the average value in Rel-8.  The uplink configurations proposed in [3] lead to normalized spacings consistent with those already adopted in Rel-8.  
It is anticipated that the same RF front-end components (i.e., PA and duplexer) will be used for both Rel-8 operation as well as intraband carrier aggregation as defined by carrier aggregation bandwidth class C.  Therefore, it is expected that the spectral regrowth characteristics as well as duplexer isolation will be the same.  However, the carrier aggregation waveform slightly differs from the Rel-8 SC-FDMA waveform.  The MPR is 1dB larger for the wider CA waveform.  Also, the construction of the waveform across two carriers slightly differs resulting in different PAR and regrowth.  To provide additional insight and to provide greater confidence in the proposal, lab measurements were conducted using a Band 1 PA with a CA_1C waveform.

In this particular test setup, the PA was configured for Rel-8 sizing; that is, to meet the UTRA ACLR1 requirement of 33dB for a fully loaded QPSK-modulated 20 MHz waveform at 22dBm.  A CA_1C waveform was then applied to this PA with 100 RB’s on the PCC and 50 RB’s on the SCC, centered at 1940 MHz.  The power level was lowered to 21dBm to account for the 2dB MPR.  In the receive band, the noise floor was measured to be -124.5 dBm/Hz when averaged over the 40 MHz channel.  This noise power level after suppression by the duplexer is significant enough to cause desense.  Furthermore, the measurement was only conducted on a single device at room temperature and only includes the noise contribution from the PA without regard to contribution from the transceiver.  Specifications must be met for all devices across process and temperature and including the entire RF lineup.  Therefore, it is felt that the normalized separation of 7.8 that has implicitly been accepted in Rel-8 and has explicitly been proposed in [3] for CA_1C is appropriate.
We propose the following

Table 7.3.1A-1: Intra-band CA uplink configuration for reference sensitivity
	CA Band / Aggregated channel bandwidth / NRB / Duplex mode

	CA Band
	29.9 MHz
	30 MHz
	39.8 MHz
	Duplex Mode

	CA_1C
	n/a
	n/a
	PCC
	SCC
	PCC
	SCC
	FDD

	
	n/a
	n/a
	75
	36
	100
	9
	

	CA_40C
	PCC
	SCC
	PCC
	SCC
	PCC
	SCC
	TDD

	
	TBD
	TBD
	75
	75
	100
	100
	


3. Conclusion

In this contribution, further justification is provided for the proposed uplink configuration for reference sensitivity for CA_1C.
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