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1 Introduction

In RAN4#72-bis, delta values for CA_B1_B28 were approved in [1].  Only remaining issue for this combination is MSD requirement for Band 1 REFSENS.  This contribution proposes flexible requirements for CA_B1_B28, which achieves efficient usage of operator’s spectra.
2 Proposal
We propose MSD values as follows;
Table 2-1: Values which are achievable without HTF
	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_1A-28A5, 6
	1
	
	
	[-83]
	[-83]
	[-83]
	[-83]
	FDD

	
	28
	
	
	-98.3
	-95.3
	-93.5
	-90.8
	

	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 a low band for which the 3rd transmitter harmonic is within the downlink transmission bandwidth of a high band.  

NOTE 6:
The requirements should be verified for UL EARFCN of the low band (superscript LB) such that 
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 the carrier frequency of the high band in MHz and 
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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.


The reason why we propose this requirement is “flexibility”.  So far, there is no operator that suffers from 3rd harmonic issue for CA_B1_B28.  However, as well known, Band 28 might be allocated in Region 1, too in the future.  Therefore, HTF (Harmonic Trap Filter) might be required for EU operators.  For TIB and RIB, we have already agreed requirements that implementation of HTF is allowed.  Analogous approach is proposed here again.
· Possible Concern #1: Flexibility is not a good solution.  Only one type of terminal model should be allowed in RAN4 specifications.
· KDDI’s View #1: 
We agree with this concern in general.  However, especially for CA_B1_B28, it has been clarified that Japanese operators do not suffer from 3rd harmonic issue.  Namely, HTF is not required for CA_B1_B28 terminals.  However, as described above, some EU operators might need HTF and only one type of model might be preferred.  In this sense, they would like to have HTF in 3GPP specifications.  Totally opposite demands have been found in RAN4 then what to do?  The answer is quite simple.  Compromise each other is required.  From Japanese operators, at least from KDDI, we have already made compromise on TIB and RIB values.  Standardization cannot be achieved only by selfish way of thinking.  Considerations for other companies are always required.
· Possible Concern #2: Even if much relaxed values in Table 2-1, it is impossible to achieve without HTF.
· KDDI’s View #2: 
It depends on how much expectation is assumed with HTF.  So far, with HTF, it has been almost common understanding that below values in Table 2-2 can be met.
Table 2-2: Values which are achievable with HTF
	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_1A-28A
	1
	
	
	-89.8
	-89.4
	-89.0
	-88.7
	FDD

	
	28
	
	
	-98.3
	-95.3
	-93.5
	-90.8
	


On the other hand, when we take a look at estimation of HTF, two contributions can be referred.  In [2], REFSENS improvement due to HTF was estimated about 7.6 dB.  Another contribution in [3], REFSENS improvement due to HTF was estimated about 8 dB.  Difference between Table 2-1 and 2-2 is about 7 dB.  This means that Table 2-1 can be achievable as RAN4 specifications.
Some companies might object above analysis.  This will be because estimation for direct leakage from Band 28 PA to Band 1 LNA.  This component depends on spatial isolation between Band 28 PA and Band 1 LNA.  Therefore, this should be handled as a factor in implementation phase.  However, it is true that this leakage will occur in actual devices.  Therefore, KDDI suggests that squarebracket should remain in RAN4 specifications when companies can have time to check.
· Possible Concern #3: We cannot find requirements with HTF in RAN4 specifications.
· KDDI’s View #3:
We have same concern with #3.  In previous RAN4 meeting, two suggestions had been made.  One is to capture values with HTF in TR36.851 and the other is to capture them in Annex G of TS36.101.  After intensive offline discussion, we recommend to capture values with HTF into TR36.851.
3 Conclusion

3rd harmonic issue for CA_B1_B28 has been discussed in RAN4 for a long time.  Although working assumption to include HTF was approved in RAN4#72-bis in [1], we still believe that implementation flexibility should be guaranteed from perspective of RAN4 specifications.  We propose how to achieve it in and answer possible concerns which will be raised by companies.  CA_B1_B28 is WI for Rel-12.  This means that this is the last meeting for getting agreement.  We expect if some companies have concern on proposal of this contribution, they do not simply object but suggest alternative.
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5 TP for TR36.851
<Start of TP>
6.2.1
LTE Advanced Carrier Aggregation of Band 1 and Band 28 (1 UL)

CA_1A-28A is designed to operate in the operating bands defined in table 6.1.22-1.

Table 6.2.1-1: Inter band CA operating bands
	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_1-28
	1
	1920 MHz
	–
	1980 MHz
	2110 MHz
	–
	2170 MHz
	FDD

	
	28
	703 MHz
	–
	748 MHz
	758 MHz
	–
	803 MHz
	


<Unchanged Section Omitted>
6.2.1.1.4
Maximum sensitivity reduction for Band 1
When Band 1 DL is operated simultaneously with Band 28 UL there is a potential self-interference situation as the third harmonic of Band 28 UL will be on the same frequency range as the Band 1 DL. It is agreed that 3GPP will set the limit for this interference by specifying maximum sensitivity degradation (MSD) in TS 36.101 [4].  After intensive discussion in RAN4, required MSDs are specified in Table 6.2.1.1.4-1. 
Table 6.2.1.1.4-1: Reference sensitivity for carrier aggregation QPSK PREFSENS, CA (exceptions) without HTF
	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_1A-28A5,6
	1
	
	
	[-83]
	[-83]
	[-83]
	[-83]
	FDD

	
	28
	
	
	-96.5
	-93.5
	
	
	

	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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 the carrier frequency of the high band in MHz and 
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 the channel bandwidth configured in the low band.


Values in Table 6.2.1.1.4-1 are assumed to achieve without HTF (Harmonic Trap Filter) after Band 28 Duplexer.  Multiple companies have also contributed results which would be expected to achieve with HTF.  Table 6.2.1.1.4-2 summarizes them.
Table 6.2.1.1.4-2: Reference sensitivity estimates with HTF
	Company
	Band 1

	
	5 MHz
	10 MHz
	15 MHz
	20 MHz

	Qualcomm
	-89.8
	-89.4
	-89.0
	-88.7

	Broadcom Corporation
	-90.3 
	-89.9
	-89.5
	-89.2

	Motorola Mobility
	-90
	-89.5
	-89.2
	-88.8

	To be added
	
	
	
	


<End of TP>
