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1. Introduction
In the previous RAN1#66 meeting, the benefits and motivation of different TDD configuration on inter-band CA was discussed and, the opinions on its necessity and motivations were shared to RAN1. As results from the discussion in RAN1#66, the followings were agreed;
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And we also had a way forward on UE functionality to proceed further discussion for this issue including comparison of benefits from supporting aggregation of CCs with different TDD configuration on inter-bands with/without simultaneous tx/rx and total specification complexity with/without half-duplex constraint. Moreover, in order to confirm whether simultaneous tx/rx is possible or not, the LS document [1] was also agreed to send to RAN4 through email discussion. Therefore, in this contribution, we will provide our views on the consideration of simultaneous tx/rx for different TDD configuration.
2. Discussion
2.1. Considerations on with/without Simultaneous tx/rx for different TDD configuration
In RAN1#66, most of contributions [3]-[8] have pointed out potential possibility of simultaneous tx/rx in conflicting subframes on aggregated CCs with different TDD configuration and timing related issues (i.e. HARQ timing and DL/UL grant timing in case of cross-carrier scheduling) have also treated as main discussion points. Most intensive discussion point among them was whether simultaneous tx/rx in conflicting subframes could be acceptable to support carrier aggregation with different TDD configuration on different frequency bands. For this issue, two different methods as design way for the conflicting subframes was considered where each design way is based on the half-duplex and the full-duplex method in conflicting subframes, respectively. 

For half duplex
In previous RAN1#66, the half duplex method which is based on selecting one direction (e.g. transmission/reception) was introduced. The main motivations of half duplex are the simple UE implementation, cost reduction, usage possibility of small frequency gaps on inter-band and minimum standard efforts for RAN working groups [3][4]. On the other hand, when comparing with the full duplex, its resource waste by the muted subframe on conflicting subframes might bring significant problems in performance point of view and the additional timing related discussions may be required. For example, as seen figure 1, if a UE transmit the PUSCH in subframe #8 from UL grant in DL subframe #4 on CC#1, the subframe #4, #8 on radio frame#1 and subframe #2 on radio frame#2 on CC#2 can not be used for data transmission and reception as following current Rel-10 scheduling timing. In order to transmit one PUSCH in subframe #8 on CC#1, it is noted that some available resources (i.e. subframes) should be scarified in case of half duplex. Also, there may be the additional standard impacts for the modified scheduling timing like full duplex case. Therefore, even for half duplex, it can not be free on the timing related issues and also, there could be additional restrictions to freely select one direction in conflicting subframes in dynamic CC load balancing perspective.

Observation 1: In some scenarios of half duplex, it might cause the significant resource waste on certain CC due to muted subframes if current Rel-10 timing rule is maintained in Rel-11.

Observation 2: Even for half duplex, current Rel-10 timing rule would need to be modified for more proper scheduling and HARQ operation.
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Figure 1: Example of resource utilization for half duplex
For frequency gaps for half duplex case
For half duplex case, actual direction on either transmission or reception can be indicated in advance or by network to UEs only capable of half-duplex. Thus, half duplex UEs in conflicting subframes would have one direction based on each UE traffic condition or CC load balancing by eNB, while LTE TDD network will be operated by full duplex manner on conflicting subframes to support the both directions (i.e. transmission and reception) originated from UEs with different directions on inter-bands at the same subframe within a cell. 
Table 1. LTE TDD operating bands [2]

	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low   –  FDL_high
	

	33
	1900 MHz
	–
	1920 MHz
	1900 MHz
	–
	1920 MHz
	TDD

	34
	2010 MHz
	–
	2025 MHz 
	2010 MHz 
	–
	2025 MHz
	TDD

	35
	1850 MHz 
	–
	1910 MHz
	1850 MHz 
	–
	1910 MHz
	TDD

	36
	1930 MHz 
	–
	1990 MHz
	1930 MHz 
	–
	1990 MHz
	TDD

	37
	1910 MHz 
	–
	1930 MHz
	1910 MHz 
	–
	1930 MHz
	TDD

	38
	2570 MHz 
	–
	2620 MHz
	2570 MHz 
	–
	2620 MHz
	TDD

	39
	1880 MHz 
	–
	1920 MHz
	1880 MHz 
	–
	1920 MHz
	TDD

	40
	2300 MHz 
	–
	2400 MHz
	2300 MHz 
	–
	2400 MHz
	TDD


In other words, in the same subframe, some of UEs configured as UL subframe in a cell will have the UL transmission on certain CC while the other UEs configured as DL subframe on the other CC within a cell will receive the DL transmission from eNB. In this case, it is noted that if sufficient frequency gaps are not guaranteed among aggregated CCs on inter-band even for half duplex, the self-interference in eNB side would be occurred by simultaneous transmission and reception on inter-bands with different direction on conflicting subframes similar to full duplex case. In addition, UE to UE interference in UE side with half duplex could be also occurred due to UEs with different direction on inter-bands and thus, it would cause the performance degradation on conflicting subframes for inter-band CA especially among UEs in cell edge. Therefore, sufficient frequency gap would be needed for not only half duplex UEs, but also full duplex UE with simultaneous tx/rx on conflicting subframes. In some scenario where sufficient frequency gaps on aggregated CCs on inter-bands can not be allocated by limited frequency bands, the issues on interference problem in both eNB and UE side could be considered in RAN1/4.
Observation 3: the sufficient frequency gaps would be also needed for UEs with half duplex on conflicting subframes considering additional interference between UEs with different direction on inter-band. 

For full duplex

On the other hands, for full duplex method, since it is possible to employ simultaneous transmission and reception on conflicting subframes, all available resources can be fully used, which is the main motivation to support the full duplex method. Also, if sufficient frequency gap is guaranteed among aggregated CCs on inter-bands in LTE TDD just like FDD, it can provide the full flexibility for handling of timing relates issues. In some deployment scenarios, frequency bands for aggregated CCs may have sufficient frequency gaps even if TDD bands are unpaired as referred to table 1. In this case, UEs with full duplex function can fully use the available resources on conflicting subframes while additional duplex design will be needed for simultaneous tx/rx. We think future Released UEs (i.e. either Rel-11 or later released UEs) should support the full duplex method on aggregated serving cells with different TDD configuration to maximize the throughput performance gain which is well matched to motivation of carrier aggregation. Therefore, the criterions on HARQ and scheduling timing for different TDD configuration should be considered based on full duplex method for forward compatibility. 

Proposal 1: In Rel-11, the full duplex method should be supported for future Releases if it has reasonable performance gain compared to UE complexity and cost.

Summary for half duplex and full duplex
	
	Half duplex in conflicting subframes
	Full duplex in conflicting subframes

	Benefit
	· No additional UE complexity and cost
	· Full resource utilization 

· RRM and CSI measurement rule in Rel-10 can be reused.

	Drawback
	· It will cause the resource waste by muted subframe depending on combination of TDD configuration on inter-bands.
· To freely select the one direction may not be guaranteed when considering scheduling and HARQ timing.

· It could also cause the modification related timing issue.
· CRS measurements and UE implementation algorithm impacts (i.e. channel estimation, SNR(NI) estimation, timing syncronization, AGC and so on)
	· It will need the modified timing rule or scheduling restriction.
· It will require additional UE complexity and cost. 


3. Conclusion
In this contribution, we discuss the possibility of simultaneous transmission and reception for inter-band CA with different TDD configuration. The followings are conclusions:
Observation 1: In some scenarios of half duplex, it might cause the significant resource waste on certain CC due to muted subframes if current Rel-10 timing rule is maintained in Rel-11.
Observation 2: Even for half duplex, current Rel-10 timing rule would need to be modified for more proper scheduling and HARQ operation.
Observation 3: the sufficient frequency gaps would be also needed for UEs with half duplex on conflicting subframes considering additional interference between UEs with different direction on inter-band.
Proposal 1: In Rel-11, the full duplex method should be supported for future Releases if it has reasonable performance gain compared to UE complexity and cost.
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No new TDD UL/DL configurations will be considered in this WI.


If Support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL/DL configuration of each aggregated CC. 


Note that depending on how the Rel-10 signalling is modified, it should be ensured that CCs in the same band have the same configuration.














