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1 Introduction

In RAN#63, new work item for “LTE Advanced 3 Band Carrier Aggregation (3DL/1UL) of Band 1, Band 18 and Band 28” was approved [1].  Given that combination of B18+B28 is low-low frequency bands, it would be expected that UE implementation is quite challenging.  That is why frequency range of Band 28 operation is limited within UL/DL = 703 – 733/758 – 788 MHz (then we call it as CA_B18-B28L in this contribution).  Rx relaxations for this CA combination have been discussed in several meetings but been left one of open issues.  In this contribution, necessary relaxations for CA_B18-B28L are proposed.
2 Discussion
As described in [2] – [4], WI was approved under working assumption of limited frequency range on Band 28, namely, inter-band CA operating bands of this combination is below configuration.
Table 2-1: Inter-band CA operating bands for CA_B18-B28L

	E-UTRA CA Band
	E-UTRA Band
	Uplink (UL) operating band
	Downlink (DL) operating band
	Duplex Mode

	
	
	BS receive / UE transmit
	BS transmit / UE receive 
	

	
	
	FUL_low  –  FUL_high
	FDL_low  –  FDL_high
	

	CA_18-28L
	18
	815 MHz
	–
	830 MHz
	860 MHz
	–
	875 MHz
	FDD

	
	28L
	703 MHz
	–
	733 MHz
	758 MHz
	–
	788 MHz
	


This combination is classified as Class A3 (Low-Low) bands combination. As far as discussion in RAN4 so far, quadplexer is likely to be needed for supporting Class A3 from UE implementation perspective.  One of challenges for CA_B18-B28L is narrow frequency separation (only 27 MHz) between Band 18 UL (F_low = 815 MHz) and Band 28L DL (F_high = 788 MHz).  Hence, cross band isolation between Band 18 UL and Band 28L DL is quite important aspect.  On the other hand, isolation between Band 28L UL (F_high = 733 MHz) and Band 18 DL (F_low = 860 MHz) is expected to be large enough (more than 100 MHz) as described in [3].  In summary, observations below are deliverable at present.
Observations
· Rx relaxation for Band 28L is necessary when Band 18 is configured as UL

· No Rx relaxation for Band 18 is required when Band 28L is configured as UL because separation between two bands is large enough (more than 100MHz).
2.1 Rx relaxation for Band 28L (Band 18 is configured as PCC)
Proposal for the first bullet of above observations is described in this section.  Values are shown in table below.

Table 2.1-1: Required relaxations for Band 28L DL
[image: image1.emf](PCC) (SCC) (SCC Downlink) (PCC Downlink)

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


Let us introduce procedure for this proposal.

As we can see, minimum Tx to Rx separation between Band 18 and Band 28L is only 27 MHz (= 815 MHz – 788 MHz).  This is about 1/2 the frequency separation afforded Band 28 for paired channel (55 MHz).  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, values in Table 2.1-1 is what we came up with for refsens relaxation required 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.  One of possible solutions would be below:
Table 2.1-2: One example for how to capture REFSENS relaxations (From Table 7.3.1A-0a in TS36.101)
	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
	
	
	N/A
	N/A
	
	
	

	CA_4A-12A5,6
	4
	[-89.2]
	[-89.2]
	[-90]
	[-89.5]
	[-89]
	[-88.5]
	FDD

	
	12
	
	
	-96.5
	-93.5
	
	
	

	CA_4A-17A5,6
	4
	
	
	[-90]
	[-89.5]
	
	
	FDD

	
	17
	
	
	-96.5
	-93.5
	
	
	

	CA_18A-28A7
	18
	
	
	-100
	-97
	-95.2
	
	FDD

	
	287
	
	
	-94
	-92.5
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A.
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 uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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NOTE 7:
Supported frequency range of Band 28 for this CA configuration is limited as specified in Table 5.5A-2.


3 Conclusion
In this contribution, we present REFSENS relaxations which are required to implement UE supporting CA_B18-B28L.  After intense analysis, especially on cross band isolation between Band 18 and Band 28L, we came up with values for necessary relaxations on CA_B18-B28L.  As a conclusion of this contribution, we propose as following:
Proposal: Approve relaxation values for REFSENS of CA_B18-B28L in Table 2.1-1.
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6.3.10.1.4
Maximum sensitivity reduction for Band 28 

When Band 28 DL is operated simultaneously with Band 18 UL there is a potential self-interference situation as Band 18 UL will become aggressor on Band 28 DL due to narrow frequency separation. Requirements like MSD should be specified for this interference.  After intensive discussion in RAN4, required MSDs are specified in Table 6.3.10.1.4-1. 
Table 6.3.10.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions)
	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_18A-28A7
	18
	
	
	-100
	-97
	-95.2
	
	FDD

	
	287
	
	
	-94
	-92.5
	
	
	

	NOTE 1:
The transmitter shall be set to PUMAX as defined in subclause 6.2.5A of TS36.101.
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 uplink transmission bandwidth of the low band for which the 2nd transmitter harmonic is within the downlink transmission bandwidth of the high band. The reference sensitivity is only verified when this is not the case (the requirements specified in clause 7.3.1 of TS36.101 apply).

NOTE 5:
These requirements apply when there is at least one individual RE within the uplink transmission bandwidth of the low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of the high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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NOTE 7:
Supported frequency range of Band 28 for this CA configuration is limited as specified in Table 5.5A-2.
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