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1. Introduction
TDD-FDD CA was approved in [1]. According to our understanding, the WI includes 2DL CA with 1 UL, where one of the DL CCs is in TDD band and the other is in FDD band. In [2], a number of band combinations has been agreed to be included in the WI description. It has been observed in [3] that, additional complexity over single carrier LTE required for UE to enable TDD-FDD CA is the same as required for inter band CA (i.e. diplexer and so on). Also, Transmitter specifications for inter band CA for 1UL/2DL can be reused for TDD-FDD CA.

The main issues related to receiver requirements for specific TDD-FDD CA band combination will be to studies insertion losses, harmonics, etc. In this contribution, we present UE requirements for band 1 and band 41 combinations for TDD-FDD CA.
2. Discussion

As mentioned earlier as a general comment, our understanding is that requirements similar to many inter band CA for 1UL/2DL cases can be reused for TDD-FDD inter-band CA. CA_1-41 TDD-FDD CA can be classified as class A3 inter-band CA, since both these bands are high bands and there are no inter-band harmonic issues. In this way, some well-established understating regarding additional insertion losses can be re-used (or based on). 
2.1
LTE-Advanced Carrier Aggregation of Band 1 and Band 41 (1 UL)

Table 2.1-1: Inter-band CA
	E-UTRA CA Band
	E-UTRA operating Band
	Uplink (UL) band
	Downlink (DL) band
	Duplex

mode

	
	
	UE transmit / BS receive
	Channel BW MHz
	UE receive / BS transmit
	Channel BW MHz
	

	
	
	FUL_low  –  FUL_high 
	
	FDL_low  –  FDL_high 
	
	

	CA_1-41
	1
	1920 MHz
	–
	1980 MHz
	5,10,15,20
	2110 MHz
	–
	2170 MHz
	5,10,15,20
	FDD

	
	41
	2496 MHz
	–
	2690 MHz
	5,10,15,20
	2496 MHz
	–
	2690 MHz
	5,10,15,20
	TDD


2.2
Channel bandwidths per operating band for CA 
Table 2.2-1: Supported E-UTRA bandwidths per CA configuration for inter-band CA

	CA operating / channel bandwidth

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

	CA_1A-41A
	1
	
	
	Yes
	Yes
	Yes
	Yes

	
	41
	
	
	Yes
	Yes
	Yes
	Yes


2.3
Co-existence studies for 1UL/2DL

Table 2.3-1 gives the intermodulation products for band 1+ band 7 CA with 1UL. None of the intermodulation products fall into the own band and any other receive bands. 
Table 2.3-1: 1UL B1 + B41 harmonic products 

	UE UL carriers
	f1_low
	f1_high
	f2_low
	f2_high

	UL frequency (MHz)
	1920
	1980
	2496
	2690

	2nd order harmonics frequency range (MHz)
	3840 to 3960
	4992 to 5380

	3rd order harmonics frequency range (MHz)
	5760 to 5940
	7488 to 8070


2.4
TDD-FDD CA UE RF Architecture
For LL/HH combinations, such as band 1+41 TDD-FDD CA, possible reference architecture could be as shown in Figure 1. This architecture is adopted from [5]. The architecture in the figure supports the simultaneous TX/RX, which is the preferred option. 

Compared to single carrier FDD and single carrier TDD UEs, some additional insertion losses need to be considered. For FDD part, a triplexer is used instead of duplexer, thus the insertion loss difference between a triplexer and a single-band duplexer need to be added for FDD case. For TDD band, the insertion loss difference between a triplexer and single band filter need to be added, in addition to additional SPDT switch which is added in TDD part. Besides, compared to a single carrier TDD transceiver, an additional Tx filter is needed in TDD part of the receiver. Thus, the additional loss due to this Tx filter should also be considered for TDD part.
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Figure 1 UE RF architecture for TDD-FDD CA for HH or LL band combinations, adopted from [5]
2.4.1
TDD-FDD CA with UEs supporting simultaneous TX/RX

The resulting cases will be as described in Table 2.4.1-1. There are discussions ongoing whether TDD as PCell should be supported or not. 

Table 2.4.1-1: TDD-FDD CA with UEs supporting simultaneous TX/RX
	UL
	DL
	Comment
	Specification impact

	FDD UL PCC
	TDD DL SCC + FDD DL PCC
	When TDD is in DL subframe
	TDD DL SCC REFSENS need to be revisited

	
	FDD DL PCC
	When TDD is in UL subframe
	Covered by single-UL case

	TDD UL PCC
	TDD DL PCC + FDD DL SCC
	When TDD is in DL subframe
	Covered by inter-band 2DL case

	
	FDD DL SCC
	When TDD is in UL subframe
	Covered by single-UL case


2.4.2
TDD-FDD CA with UEs not supporting simultaneous TX/RX

We prefer not to support non-simultaneous TX/RX UE architecture, since this essentially defeats the purpose of the CA in the first place.

2.5
DL REFSENS desensitization for TDD band

REFSENS requirements for different bands are defined in Table 7.3.1-1 of 36.101 [4]. Some part of this table is shown in the Table 2.6.1 

Table 2.6-1: Reference sensitivity QPSK PREFSENS, taken from Table 7.3.1-1 [4]
	Channel bandwidth

	E-UTRA Band
	1.4 MHz
(dBm)
	3 MHz
(dBm)
	5 MHz
(dBm)
	10 MHz
(dBm)
	15 MHz
(dBm)
	20 MHz
(dBm)
	Duplex Mode

	1
	
	
	-100
	 -97
	-95.2 
	-94 
	FDD

	2
	-102.7
	-99.7
	-98 
	-95
	-93.2
	-92
	FDD

	3
	-101.7
	-98.7
	-97 
	-94
	-92.2
	-91
	FDD

	…
	…
	…
	…
	…
	…
	…
	

	40
	
	
	-100
	-97
	-95.2
	-94
	TDD

	41
	
	
	-98
	-95
	-93.2
	-92
	TDD

	42
	
	
	-99
	-96
	-94.2
	-93
	TDD

	43
	
	
	-99
	-96
	-94.2
	-93
	TDD

	44
	
	[-100.2]
	 [-98]
	[-95]
	[-93.2]
	[-92]
	TDD


The REFSENS tests for TDD bands are done considering no active UL transmission, thus, the baseline REFSENS for some of the TDD bands for single carrier LTE is 1-2dB tighter compared to FDD bands as seen in the table above. In TDD-FDD CA, FDD UL transmitter is active when TDD RX is in operation. Thus there may be cases when additional REFSENS desensitization is required for band combinations where TDD and FDD bands are very close to each other.

For Band1+41 combinations, if we use the above mentioned RF architecture, then whether this is an issue or not, solely depends on the triplexer that will be used in the end. 
2.6

B1 and B41 filter performances

In this section, we present a number of filter bank simulation results related to Band1+Band41 TDD-FDD CA combination. The filter data in this section is based on the UE RF architecture as shown Figure 1. The design starts with the triplexer design while optimizing for low passband insertion loss and high cross-ISO to other bands that might be simultaneously operating. Also, filter rejection for 2.4GHz and 5GHz Wifi is considered while optimizing the filter responses. 

The traces shown are linear simulations based on measured capabilities of Avago Technologies’ Film Bulk Acoustic Resonator (FBAR) filter process. Linear simulations of the kind used in this study typically give a good indication of the bandwidth and roll off (rejection) that can be achieved in physical filters. They do not capture coupling effects. The optimization targets used were chosen for comparison of losses in multiplexing.
The filter data plots are valid for typical filters at room temperature (25◦C).
2.6.1
B1 Tx insertion loss
The insertion loss data for Band1 Tx is shown in Figure 2. Here the purple curve shows the response of B1 duplexer without CA and the red curve shows Tx response when B41-B1 triplexer is used for the TDD-FDD CA combination. Similar to any other class A3 inter-band CA combination, we can also notice that potential insertion loss parameter for Band 1 could be 0.3dB. This is inline with previous RAN4 agreements regarding insertion loss for such HH inter-band CA combinations. 
[image: image2.emf]
Figure 2 B1 Tx insertion loss
2.6.2
B1 Rx insertion loss

Figure 3 shows B1 Rx insertion loss curve. Here, light blue curve shows the Rx loss when no CA is used in B1, while dark blue curve shows the case when B1+B41 TDD-FDD CA combination is used. Since the difference between these two cases is very small, we propose to set B1 Rx insertion loss to be zero.
[image: image3.emf]
Figure 3 B1 Rx insertion loss
2.6.3
B41 insertion loss

Band 41 is large band width a passband of 194MHz. It is extremely difficult to design filters with reasonable performance for such a large band. The performance of B41 filters in terms of insertion loss is depicted in Figure 4. The light green and dark green curve shows the filter response without and with CA. The red curve shows a filter in production. As seen from the figure, around 0.5dB of insertion loss could be a reasonable value for B41 insertion loss. 
[image: image4.emf]
Figure 4 B41 insertion loss
2.6.4
B1, B41 broadband multiplexer

The broadband multiplexer response of B1 Tx, B1 Rx and B41 filter are shown in red, blue and green color respectively in Figure 5. As seen from the responses, the filters achieve good suppressions where required including, including 2.4GHz and 5GHz WLAN bands.
[image: image5.emf]
Figure 5 B1 and B41 broadband multiplexer
2.7
∆TIB and ∆RIB values

Based on the above filter data, we initially propose Rx and Tx insertion parameters for these two bands in this section. It is worth mentioning here that, the final insertion loss values will be agreed when more measurement data is available from other companies.

For two simultaneous DLs and one UL the (TIB,c and (RIB values are shown in table 2.7-1, and in table 2.7-2:

Table 2.7-1: ΔTIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔTIB,c  [dB]

	CA_1A-41A
	1
	[0.3]

	
	41
	[0.5]


Table 2.7-2: ΔRIB,c
	Inter-band CA Configuration
	E-UTRA Band
	ΔRIB  [dB]

	CA_1A-41A
	1
	[0]

	
	41
	[0.5]


3. Conclusion

In this contribution, we present UE RF requirements issues for Band1+41. Initial proposals for ΔTIB,c and ΔRIB,c is explained. 
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