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1 Introduction
In RAN#71, a new SI [1] was agreed for the feasibility study on LTE-A CA for Band 3 and Band 39. Two cases of CA band combination were mentioned in the SID, which are Band 3 + Band 39 for 2DL and Band 3 + Band 39 + Band X for 3DL. Actually, the SID did not specify which band can locate the UL carrier, in that case, we consider 1UL only. 
For the feasibility study, we study the 2DL/1UL CA first due to it can be seen as one of the fall back modes of 3DL/1UL CA. In this paper we discuss the UE reference architecture for Band 3 and Band 39 2DL/1UL CA.
2 Discussion
Like other FDD + TDD 2DL CA configuration, △Tib and △Rib needs to be studied in terms of additional insertion loss due to diplexer or triplexer. But for CA_3+39, it needs to do feasibility study first to see whether the 2DL/1UL CA is a realistic implementation because there is no frequency gap between Band 3 DL and Band 39 UL/DL frequency.

2.1 Frequency arrangement

The frequency arrangements of these two bands are shown in figure 1.
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Figure 1. Frequency arrangements for Band 3 and Band 39.
The downlink frequency of Band 3 is immediately adjacent with the frequency of Band 39.  For the location of UL CC, we consider all the possible cases for the feasibility study because the SID did not specify the UL location, which means only 1 UL which can possible be located in either of bands. 
Similar with the other FDD + TDD combinations, one band UL transmit noise may seriously leak into Rx CC in other Band and lead to received signal REFSENS degradation. There may be two types of self-interference:
1) 1UL CC activated in Band 3, and causes interference to Band 39 DL.
2) 1UL CC activated in Band 39, and causes interference to Band 3 DL.

In the next section we will provide some discussions on the possible UE reference architecture for Band 3+ Band 39 2DL/1UL CA based on the two above types. 
2.2 UE architecture

In this section, the possible UE reference architectures are discussed. As mentioned above, the only 1 UL can possible be located in either of bands. The 2DL CA combination of Band 3 and Band 39 can be seen as H/H combination.  For the FDD-TDD CA H/H combination, there are two possible reference architectures, which are:
a. Supporting simultaneous Tx and Rx

b. Not supporting simultaneous Tx and Rx

By adopting the H/H combination conventional approach, the reference architecture for Band 3 + Band 39 2DL/1UL CA combination are generally using triplexer to combine the two bands, illustrated in figure 2.
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(a) CA reference architecture does not supporting simultaneous Tx and Rx
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(b) CA reference architecture supporting simultaneous Tx and Rx
Figure 2. Reference architecture with triplexer by adopting the H/H combination conventional approach
However, the fact that these two bands do not have frequency separation makes it impossible to design a triplexer thus conventional CA approach is not feasible.  Therefore we should find some other possible feasible solutions for Band 3+ Band 39 2DL/1UL CA, which will be further discussed in the following sections, where the 1 UL can be assumed to be located in Band 3 or Band 39, respectively.
2.2.1 Pcell in Band 3
In the case of the Pcell is only available in Band 3 UL, due to the downlink frequency of Band 3 is immediately adjacent with the frequency of Band 39, the possible feasible solutions is using an extended duplexer by extending the Rx filter of Band 3 single band duplexer from 1880 MHz to 1920 MHz in order to cover the whole 115MHz including both Band 3 DL and Band 39 UL/DL frequency, illustrated in figure 3.
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Figure 3. Reference architecture with extended duplexer (i.e. a Band 3 duplexer extended to cover Band 39) 
In figure 3, FDD and TDD carriers are sharing a common receiver with the extended duplexer covering both Band 3 and Band 39 receiver frequency range. By comparing with Band 3 duplexer, it means the DL bandwidth of the extended duplexer is extent from 75MHz to 115MHz, while the UL Bandwidth is kept. In this way, some problems may be raised as follow:
1. Implementation problem due to 115MHz Rx path. In addition, Band 3 duplexer is usually already part of a quadplexer for CA with other Bands like Band 1.
2. When the 2DL CA fall back to single-Band mode, it may cause the single band receiver requirements relaxation.

In addition, there is another possible architecture that using a combiner to combining Band 3 and Band 39 RF chain and optimizing Band 3 filter to provide enough rejection to Band 3 UL. However, a combiner/splitter solution must have more than 3dB of losses for RX and TX, and the consequence makes larger than 3dB lower output power and larger than 3dB REFSENs relaxation, this is not possible to be accepted.
2.2.2 Pcell in Band 39

In the case of the Pcell is only available in Band 39 UL, due to there is no frequency gap between Band 3 DL and Band 39 UL/DL, it can be foreseen that it is difficult to implement the single-band filter to provide enough isolation to mitigate the possible interference from Band 39 UL to Band 3 DL. Similar with the case of Pcell in Band 3, the possible solution is extending the Band 39 filter to cover Band 3 DL Rx, which is illustrated in figure 4.
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Figure 4. Reference architecture with extended filter (i.e. a Band 39 filter extended to cover Band 3 DL)
In figure 4, FDD and TDD carriers are sharing a common receiver with the extended filter covering both Band 3 and Band 39 receiver frequency range. By comparing with Band 39 filter, it means the filter bandwidth is extent from 40MHz to 115MHz.
The obvious disadvantage is the Band 3 UL is not permitted to transmit for CA operation, which makes the Band 3 UL frequency resource is waste. In addition, Band 39 is a TDD band, the Tx path and Rx path share the same filter. When Band 39 is operating in the Tx mode, the emission out of the transmission channel bandwidth will not be attenuated by the extended filter, thus it cannot guarantee the co-existence requirements with the other bands, this is impossible to be accepted. 
Observation 1: Pcell can be only in Band 3 for Band 3+ Band 39 2DL/1UL CA.
Based on the above discussion, the only solution would be a duplexer with additional 40MHz of bandwidth in the RX path, although this would be difficult and some problem may be exist, we still suggest to wait for the feedback from the filter vendors and collect filter-combiner information in order to combine these two bands to avoid too high additional insertion losses to the single carrier operation. 

Proposal 1. Using the reference architecture illustrated in figure 3 for Band 3 + Band 39 2DL/1UL CA feasibility study, and collecting filter-combiner information.
Based on the reference architecture illustrated in figure 3, we receive some feedback from one vendor, the filter-combination information are summarized in table 1 as follow:
Table 1 Extended duplexer data for Band 3 and Band 39 2DL/1UL CA combinations (under ETC)
	Vendor
	delta IL(dB)
	minimum Isolation (dB)

	
	Band 39 Tx/Rx
	Band 3 Tx
	Band 3 Rx
	B3 Tx -> (B3+B39) Rx isolation in B3 Tx frequency
	B3 Tx -> (B3+B39) Rx isolation in (B3+B39)  Rx frequency

	A
	-
	0.5
	1.8
	59
	59

	B
	
	
	
	
	

	C
	
	
	
	
	

	Average
	
	
	
	
	

	Note: delta IL is the insertion loss difference between extended duplexer and Band 3 duplexer or band 39 filter.


To kick off the feasibility study for Band 3 and Band 39 2DL/1UL CA, we encourage the companies who interesting this band combination to provide more filter-combiner information based on the above table.
3 Conclusion
In the paper, we provide the preliminary discussion on the UE reference architecture for the feasibility study of Band 3 and Band 39 2DL/1UL CA. As discussed in the paper, the conclusions are:
Observation 1: Pcell can be only in Band 3 for Band 3+ Band 39 2DL/1UL CA.
Proposal 1. Using the reference architecture illustrated in figure 3 for Band 3 + Band 39 2DL/1UL CA feasibility study, and collecting filter-combiner information. 
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