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1. Introduction: 
At RAN1#66, several technical issues on supporting different UL-DL configurations for Rel-11 TDD-LTE inter-band carrier aggregation were identified and discussed. One of main issues is related to the discussion on supporting simultaneous transmission/reception (Tx/Rx) for LTE-TDD inter-band carrier aggregation with different UL-DL configurations. In this paper, we discuss and share our views on themotivations and trade-offs on this issue. 
2. Discussion 
2.1 Motivations for different DL-UL configurations with inter-band CA
A key advantage of TDD systems is the ability to flexibly configure the system resources (time and frequency) to better match downlink and/or uplink traffic characteristics of a cell. Several usage scenarios for inter-band-CA with different DL-UL configurations were discussed, including load/traffic balancing in different cell, heterogeneous network deployments with asymmetric UL-DL traffic, and co-existence with legacy TDD systems (e.g.TD-SCDMA) on adjacent carriers of different bands.
2.2 Supporting Simultaneous Tx/Rx functionality 
If TDD cells with different UL-DL configurations are aggregated, certain subframe(s) will have different UL-DL directions as illustrated in Figure 1. Such subframe(s) are referred to as conflicting subframe(s) in this contribution. For TDD-LTE Rel-11 UEs, two design options were discussed for coping with conflicting UL-DL subframe(s) in inter-band CA: 
Option1:  Support simultaneous Tx/Rx functionality for these conflicting subframes. 

Option2:  No simultaneous Tx/Rx functionality for these conflicting subframes. 
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Figure 1 Conflicting subframes in Band-specific TDD configuration of inter-band CA 
2.2.1 RF Requirement
As discussed in [3], the frequency gaps between the TX and RX signals depend on the specific aggregated TDD bands. Small interband frequency gaps will require more stringent filter requirements similar to those adopted in typical FDD terminals. Such sharper filters increase implementation cost and also introduce insertion losses. RAN1 has sent LS [5] to RAN4 for their views on evaluating UE implications for support of simultaneous transmission/reception on different bands. RAN4’s feedbacks on the RF related issues are critical in assisting RAN1 making design tradeoff decisions on the TDD UE capability of simultaneous transmission and reception in different bands
Observation:  RAN4’s feedbacks on the raised RF related issues from RAN1 LS are critical in assisting RAN1 making design tradeoff decisions on the TDD UE capability of simultaneous transmission and reception in different bands.
As RAN1 has not received any feedback from RAN4 yet, the rest of this contribution will focus on comparing option 1 vs. option 2 in other non-RF related aspects.
2.2.2 Implications and benefits analysis
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Figure 2 Resource utilization of option2 in inter-band CA case
2.2.2.1 Cell spectral efficiency. 
Option 2 is based on the half-duplex principle where a UE can only perform either transmission or reception but not transmit and receive simultaneously on different bands in the conflicting subframes (Subframe 3/8 in Figure 2). As a half-duplex system, only the resources in one direction (UL or DL) can be utilized at any subframe for a given UE while the other direction should be blocked. However, it should be noted that the blocked subframes can be allocated to other non-CA UEs or intra-band CA UEs. Therefore, , there should not be any system-throughput performance loss.  
Different options exist for a UE of the option 2 type to handle the conflicting subframes. One simple option is to determine the transmission direction of the inter-band CA conflicting subframe base on TDD UL-DL configuration of PCell.  The SCell HARQ timing of the above option can be configured to based on PCell configuration so the Rel-10 HARQ ACK/NACK timing can be straightforwardly reused in order to minimize specification changes. Although the conflicting subframe resources on SCells are blocked/blanked in the above method, those SCell resources can still be used by other non-CA UEs or intra-band CA UEs as shown in Figure 2. Therefore, as mentioned above, the spectral efficiency for both option 1and option 2 are the same.
Some optimization was proposed in [4] to opportunistically use the resource in the conflicting subframes by adopting a simple UL-prioritization rule. Under such optimization scheme, a UE will perform DL reception on DL resources in conflicting subframe, including PDCCH monitoring and measurements, when there is no UL transmission configured/scheduled in the conflicting subframe (e.g. subframe 3 and 8 in Figure 2). However, simply following the PCell’s timing may not fully solve the HARQ HARQ-ACK timing issue for this optimization scheme. Additional solutions are needed.
2.2.2.2 HARQ-ACK timing 
When different DL/UL configurations of different bands are aggregated, the impact on HARQ timing is expected due to the fixed HARQ-ACK feedback timing relationship for each TDD configuration. This issue is illustrated in Figure 3. In Figure 3, the HARQ-ACK/NACK for a SCell PDSCH transmission in SF#9 should be sent as feedback in SF#3 of the Pcell, according to the current Rel-10 TDD HARQ timing principle that PUCCH is transmitted in PCell only. However, there is no UL resource in SF#3 on the Pcell and therefore some solutions need to be introduced to ensure proper HARQ operation.
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Figure 3: A/N timing issue for inter-band CA scenarios
For option 1 UE, in order to solve the HARQ-ACK timing issue, new HARQ timing relationship for some combinations of TDD configurations need to be defined.  It is also possible to solve the HARQ timing problem by the proper eNB scheduling or by allowing HARQ-ACK/NACK transmissions on Scell. Such change is different from the current Rel-10 TDD HARQ timing design that PUCCH is transmitted in PCell only. Additional standardization effort (such as transmission power control mechanism for HARQ-ACK transmission on SCC) is needed compared to option 2, which mostly reuse the existing Rel-10 PCell HARQ timing. Another option 1 alternative is to define a “Band-specific” virtual PCC to carry all the HARQ-ACK information for each band which contains SCell only. Rel-10 HARQ-ACK timing can be re-used independently on each band, assuming the UEs support the same CA capability of the different bands in the uplink. However, it cannot always be assumed that a UE that supports downlink CA on different bands also have the same CA capability in uplink. For UEs with different DL/UL CA capability, a new HARQ-ACK timing design will still be needed for the “Band specific” PCC design.

We summarize the above analysis and discussion of option 1 and option 2 in Table 1.
Table1: Impact and benefits comparisons between option 1 and option2

	
	Option 1
	Option 2

	UE complexity & cost
	Higher 
	Lower

	Throughput gain of each cell
	Same 
	Same

	Peak Data Rate
	Higher
	Lower

	HARQ timing standardization efforts
	Higher efforts on

(1) Timing issue with HARQ-ACK.& 
(2) Timing issue with potential cross-carrier multi-TTI scheduling.
	Lower


Based on above analysis and discussions, we propose
Proposal:  Rel-11 TDD interband CA design should support the UE which is not capable of simultaneous transmission and reception on different bands in the same subframe.
3. Conclusion:
In this paper, we discussed the implications and benefits from introducing simultaneous Tx/Rx functionality for TDD UEs supporting different UL-DL configurations for inter-band CA. Based on the above discussions and comparisons on the tradeoffs involved, it is proposed that: 
Proposal:  Rel-11 TDD interband CA design should support the UE which is not capable of simultaneous transmission and reception on different bands in the same subframe.
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