3GPP TSG-RAN Working Group 4 Meeting #72bis                   R4-146086
Singapore, 6-10 Oct, 2014
Source:	Samsung
Title:	Considerations on TDD-FDD CA with 2UL
Agenda item:	7.29
Document for:	Discussion

1 Introduction
As WF of TDD-FDD 1 UL, the objective of TDD-FDD CA WI is revised to completing at least one band combination, like B8+B40. Then follow the basic assumption for TDD-FDD 1UL CA, it was agreed that start TDD-FDD 2 UL CA(1TDD and 1 FDD) requirements after completing 1UL requirements, as approved as Proposal C in [1, 2].
This contribution discusses basic assumptions, performances and reference architectures for the RAN4 requirement development for 2UL FDD-TDD CA in order to trigger related discussion for this work. 
In this paper, we first review current status of TDD-FDD 1UL CA design and CA combinations, and then within the framework of the current design, we explore how to evaluate the TDD-FDD 2UL CA performance under different scenarios of FDD-TDD configurations. Finally, we provide some observations on how to proceed with this topic for further investigations.
2 Discussion
2.1 Basic assumption
The RAN1#74bis meeting made the following agreements in line with the Rel-12 WI of FDD-TDD CA objections[3]
1) Ideal backhaul is assumed for TDD-FDD CA 
2) TDD and FDD cells are synchronized 
3) The following are supported when designing Rel-12 TDD-FDD carrier aggregation 
- Maximum supported number of aggregated CC is 5
-Aggregation of different UL/DL configurations should be applied for intra-band CA
4) A TDD-FDD CA-capable UE supports TDD-FDD DL CA
5) A TDD-FDD CA-capable UE is allowed not to support TDD-FDD UL CA
6) RAN1 should focus on the design of TDD-FDD CA assuming simultaneous RX/TX capability of the TDD-FDD CA UEs in Rel-12
· Further discussion of TDD-FDD CA UE not supporting simultaneous RX/TX is not precluded.
These RAN1 agreements give already rather good basis for RAN4 to start TDD-FDD 1UL CA for Rel-12, so when start work on developing TDD-FDD 2UL CA, some agreements also could be reference basis as WF, and some basic assumption could be adopted as follow
A. Assume ideal backhaul and synchronization between TDD and FDD cells
B. Start the RAN4 UE and BS requirements work assuming 2 UL(1 TDD and 1 FDD) and 2DL(1 TDD and 1 FDD), additionally like the TDD 2UL/3DL requirements similar as TDD-FDD CA with 1UL/3DL would be investigated further.
Observation 1: TDD-FDD 2UL CA could follow basic assumptions as described as A and B.
2.2 UE RF aspects
The critical issue for TDD-FDD 2UL CA is non-linearity interference from TX to RX. Due to mechanism for c) and d), then interference impact is different. 
· Non-linearity interference for c)
Should consider the IMD products of FDD UL and TDD UL fall into FDD DL
· Non-linearity interference for d)
Should consider the harmonic products of FDD UL fall into FDD UL or TDD DL
Table 2.1 summaries non-linearity interferences for existing FDD-TDD CA cases. It noted that RAN4 can’t directly add example band combinations for TDD-FDD inter-band 2UL CA as well as FDD-FDD 2 UL CA(LTE_CA_A1~A5) according to whether is L-H/H-H and have harmonic/IMD interference. Since for the same example FDD-TDD 2UL CA combination, it may both exist harmonic and IMD interference, such as B26+B41, which means 3rd harmonic products may fall into the B41 receive band and 3rd IMD products of 2UL may fall into B26 receive band. In additionally, for H-H it also has harmonic interference because of some TDD band around 3.5GHz belong to “Very-High” like B3+B42, which noted that 2nd harmonic products of B3 may fall into B42 receive band and 3rd IMD products may fall into B3 receive band. Therefore RAN4 need further investigate how to define the inter-band CA class instead directly reuse the FDD-FDD inter-band 2UL CA classes. 
Table 2.1 Non-linearity interference for existing TDD-FDD CA WIs with 2DL
	CA combinations with 2DL
	Type
	Harmonic interference for 1UL
	IMD interference for 2UL

	3+40
	H-H
	No
	No

	8+40
	L-H
	No
	No

	1+41
	H-H
	No
	No

	26+41
	L-H
	Yes
	Yes

	1+42
	H-H
	No
	No

	3+42
	H-H
	Yes
	Yes

	19+42
	L-H
	No
	No



Observation 2: RAN4 can’t directly add example band combinations for FDD-TDD inter-band 2UL CA as well as FDD-FDD inter-band 2UL CA classes (LTE_CA_A1~A5).
And in order to start TDD-FDD 2UL CA WI, it is better to reuse WF as well as TDD-FDD 1UL CA WIs. RAN4 could start discuss the existing example cases like B8+B40 or B26+B41 for L-H or B1+B41 for H-H firstly, and other possible example cases are also not preclude based on operators requirements.
Observation 3: RAN4 need example band combinations for TDD-FDD 2UL CA, and it is better start from example CA combinations for TDD-FDD 1UL CA.
2.3 Reference architectures
Reference architectures for TDD-FDD 1UL CA have been discussed in recent RAN4 meetings, and architecture for L-H are agreed in RAN4 as shown in Figure2.1 while for H-H it is still in discussion including triplexer architecture and separate ANT architecture, but mostly companies don’t trend to latter choice since it add PCB placement and introduce coupling loss between ANTs, especially typical in current smart phones.  
Candidate RF reference architectures of TDD-FDD 1UL CA could be reused for those TDD-FDD 2UL CA cases without interference impact, however for those CA cases with interference cases, some refinements should be done based on current architectures, which need additional harmonic/IMD trap filter and single-pole double-throw(SPDT). Therefore, the candidate RF reference architectures for TDD-FDD 2UL CA L/H and H/H with interference impact are as shown as in Figure 1 and Figure 2 (a) / (b) respectively.

   
Figure 2.1 Reference architecture for L-H TDD-FDD 2UL CA with interference
      


     
(a) triplexer                               (b) separate ANT 
Figure 2.2 Reference architecture for H-H TDD-FDD 2UL CA with interference
Observation 4: Current candidate reference architectures for TDD-FDD 1UL CA   could reused forTDD-FDD 2UL CA without interference, but for the cases with interference problems, an additional harmonic/IMD trap filter is needed for those cases.
3 Conclusions
In this contribution, several observations regarding basic assumption, mechanism and reference architectures for TDD-FDD 2UL CA are discussed based on TDD-FDD 1UL CA as captured as follow 
Observation 1: TDD-FDD 2UL CA could follow basic assumptions as described as A and B.
A. Assume ideal backhaul and synchronization between TDD and FDD cells
B. Start the RAN4 UE and BS requirements work assuming 2 UL(1 TDD and 1 FDD) and 2DL(1 TDD and 1 FDD), additionally like the TDD 2UL/3DL requirements similar as TDD-FDD CA with 1UL/3DL would be investigated further.
Observation 2: RAN4 can’t directly add example band combinations for FDD-TDD inter-band 2UL CA as well as FDD-FDD inter-band 2UL CA classes (LTE_CA_A1~A5).
Observation 3: RAN4 need example band combinations for TDD-FDD 2UL CA, and it is better start from example CA combinations for TDD-FDD 1UL CA.
Observation 4: Current candidate reference architectures for TDD-FDD 1UL CA could be reused for TDD-FDD 2UL CA cases without interference, but for the cases with interference problems, an additional harmonic/IMD trap filter is needed for those cases
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