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1. Introduction

Band 18 + B28  two downlink Carrier Aggregation (CA) is defined in the 3 DL CA work item for Band 1 + Band 18 + Band 28 [1].  Here we wish to analyze and present our findings for CA relaxations for maximum power and reference sensitivity for the 2 DL CA combination.
2. Discussion

The B28 + B18 2 DL CA combination is defined in [1].  The relevant section is reproduced below for reference:
· Specify the inter-band carrier aggregation of Band 18 and Band 28 which are not yet specified. And the conditions are as below:
· Use of 1 CC for UL and 2 CCs for DL with the band combinations below:
· (UL band, DL bands) = (B18, B18 + B28*), (B28*, B18 + B28*)
*Operation in B28 is to be restricted to 703 – 733 MHz Uplink, and 758 – 788 MHz Downlink for this CA combination
· Use of DL channel bandwidth combinations in the table below:
	E-UTRA band / channel bandwidth

	E-UTRA CA Configuration
	E-UTRA Bands
	5 MHz
	10  MHz
	15 MHz
	20  MHz

	CA_B18-B28
	18
	Yes
	Yes
	Yes
	-

	
	28
	Yes
	Yes
	-
	-


Add the performance requirements for this band combination in the relevant specifications.
Figure 1.  Definition of B18 + B28 2 DL CA combination (reproduced from [1])
We note that the CA combination is limited to the lower duplexer portion of B28 (703 – 733 MHz Uplink, and 758 – 788 MHz Downlink).  We shall refer to this as B28L for simplicity in this submission.  Here, we analyze the impact to reference sensitivity and max power.  We note that a B28L + B18 quadplexer will be necessary in this CA combination.  We also note that we expect B18 transmit to affect B28L receive more significantly than B28L transmit to B18 receive given relative frequency separations.
Recommendation for Maximum Power
As mentioned previously, the implementation of this 2DL CA combination will require a B18 + B28L (lower B28) quadplexer.  Two major SAW duplexer vendors have popularly utilized duplexers for both B18 and B28L for non-CA application.  One major SAW duplexer vendor has signed up to do a B18+B28L quadplexer thus far.  We compare the Tx insertion loss of the average of the duplexers versus the quadplexer.  The difference is then halved via the “Shared Pain” principle to arrive at the recommended TIB values:
Table 1.  Recommended TIB values for B18+B28L CA
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Dup Vendor ADup Vendor BDup Ave QP Delta Lossdel_T_IB

B18 Tx IL 2.2 2 2.1 3.5 1.4 0.7

B28L Tx IL 3 2.8 2.9 4.5 1.6 0.8


Hence, the recommendations for TIB are:


B18:  0.7 dB (815 – 830 MHz Uplink)


B28L:  0.8 dB (703 – 733 MHz Uplink)

Recommendation for refsens: B28L Uplink, B18 Downlink
Band 28L transmit (Uplink) frequency range is 703 to 733MHz.  Band 18 receive (Downlink) frequency range is 860 – 875MHz.  This frequency separation is very large, in fact, it is much larger than the Tx – Rx separation for B18 itself.  From inspection, we can conclude that there is no need to relax reference sensitivity when uplink is on B28L.

The recommended refsens relaxation when B28L is uplink is zero for both B18 and B28L downlinks.
Recommendation for refsens: B18 Uplink, B28L Downlink
B18 Uplink frequency range is 815 – 830 MHz, while B28L frequency range is 758 – 788MHz.  Hence, the min Tx to Rx separation is only 27MHz.  Note that this is about ½ the frequency separation afforded B28 for paired channels (55MHz duplex).  Hence, we can expect degradation in reference sensitivity in B28L when B18 is Uplink due to degraded transmitter noise from B18.  Additional sensitivity degradation comes from degraded B28L IP2 and reciprocal mixing due to the closer separation.
After a fairly careful analysis of this scenario that includes all the effects mentioned above, here is what we came up with for recommended refsens relaxation for PCC and SCC downlink with B18 is Uplink.  Note that since these effects are due to active noise, RIB is not the appropriate specification to capture this.  Reference sensitivity exceptions such as in Table 7.3.1A-0a may be a more appropriate clause to specify this or perhaps something similar to RNCIB that exists for NC intra-band CA will need to be defined for inter-band CA for such closely spaced inter-band CA combinations.  We also note the need for this in our submission for B1+B3 DL CA with B1 UL [2].  Table 2 captures the required refsens relaxations:
Table 2.  Recommended refsens relaxation values vs. single carrier specs for B18+B28L CA, for PCC = B18
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MHz MHz dB dB

B18 CH BW B28L CH BW B28L refsens relaxation B18 refsens relaxation

5 5 4.5 0

5 10 3 0

10 5 4.5 0

10 10 3 0

15 5 4.5 0

15 10 3 0


3. Conclusion
Recommendations have been provided for Carrier Aggregation degradations for max power and reference sensitivity for the 2DL CA combination of B18+B28.  In this submission, we referred to this combination as B18+B28L since the CA combination is only defined for the B28 lower duplexer frequency range.  
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