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1 Introduction
In RAN1#68bis meeting, the issues relating to determination of transmission direction in conflict subframe for half-duplex UE has been discussed. Two alternatives have been proposed for further study:
· Alt. 1: the transmission direction of all subframes follow PCell SIB1 configuration
· Alt. 2: the transmission direction is determined by eNB
This contribution aims to elaborate our views on the rules of determining transmission direction in conflict subframes for half-duplex UE.
2 Reference HARQ/scheduling timing for TDD inter-band CA
The current progress on specifying reference HARQ/scheduling timing on SCell are listed in Table 1 and Table 2 for the cases of self-scheduling and cross-carrier scheduling respectively. 
Table 1 - Reference HARQ/scheduling timing on SCell (Self-scheduling case)
	
	(1) Reference timing
	(2) Notes

	DL-Case A
	PCell
	

	DL-Case B
	SCell
	working assumption for the case of half-duplex

	DL-Case C
	timing table in alternative 1 [1]
	working assumption for the case of half-duplex

	UL-Case A
	SCell
	

	UL-Case B
	SCell
	

	UL-Case C
	SCell
	

	UL-Case D
	SCell
	


Table 2 - Reference HARQ/scheduling timing on SCell (Cross-carrier scheduling case)
	
	(1) Reference timing
	(2) Notes

	DL-Case A
	PCell
	

	DL-Case B
	PCell
	working assumption for both full-duplex and half-duplex

	DL-Case C
	PCell
	working assumption for both full-duplex and half-duplex

	UL-Case A
	Scheduling cell
	

	UL-Case B
	scheduled cell
	working assumption for both full-duplex and half-duplex

	UL-Case C
	scheduled cell
	working assumption for both full-duplex and half-duplex

	UL-Case D
	scheduled cell
	working assumption for both full-duplex and half-duplex


As for the PDSCH HARQ timing and PUSCH HARQ/scheduling timing on PCell, it is agreed to follow the PCell SIB1 configuration. This agreement is applicable to both full-duplex and half-duplex UEs.
3 Half-duplex operation in conflict subframe
For TDD inter-band CA with different UL-DL configurations on different bands, a half-duplex UE is unable to perform transmission and reception functions on different bands simultaneously. Regarding this issue, two alternatives for transmission direction determination have been raised:
•
Alt 1: the transmission direction of all subframes follow PCell SIB1 configuration

•
Alt 2: the transmission direction is determined by eNB
3.1 Alternative 1: Follow PCell SIB1 configuration

In this approach, the transmission direction of all subframes shall be aligned with PCell UL-DL configuration, and SCell resource in the conflict subframe should thereby disabled. For half-duplex UE, additional DL-UL switching points which result in necessity of additional guard periods, may be avoided by always following PCell subframe direction. Moreover, implementation complexity of the eNB can be reduced, as it does not need to individually decide the transmission direction in each conflict subframe. However, since the present agreement (or working assumption) on PUSCH reference HARQ/scheduling timing on SCell states that UE shall follow SCell UL-DL configuration, there will be impacts on the PUSCH retransmission in cases that SCell’s PUSCH RTT is different to the PCell.
3.2 Alternative 2: Determined by eNB
Alternative 2, on the other hand, the transmission direction in each conflict subframe is individually determined by eNB. By default, the UE would consider the subframe as a DL subframe unless it is scheduled for uplink transmission (e.g. PUCCH, SRS, PUSCH). This approach may improve the flexibility of resource utilization, but may also increase the complexity of eNB implementation. Furthermore, since the direction of each conflict subframe can be flexibly decided, additional guard period required by additional DL-UL switching points may result in more standard impacts.
3.3 Further consideration on PUSCH transmission
The uplink resource for PUSCH transmission is assigned by eNB through an uplink grant DCI, and the UE shall transmit the PUSCH according to the assignment after k subsequent subframes. In TDD cases, the scheduling timing k of PUSCH for different UL-DL configurations are listed in Table 3. The correspondent HARQ-ACK (via PHICH) would be received by the UE after m subsequent subframes, and the HARQ timing m for all TDD UL-DL configurations are listed in Table 4. Furthermore, since synchronous HARQ is adopted for uplink transmission, UE shall autonomously perform the PUSCH retransmission after k subsequent subframes when any NACK is detected. 
Figure 1 shows a possible issue for the case of TDD inter-band CA with different UL-DL configurations. When the UE is granted by eNB to transmit PUSCH (T1) in subframe#2 on SCell, the retransmission (T2) time would be subframe#3 of next radio frame when the first transmission has not been received correctly. As shown in figure 1, the PCell’s and SCell’s transmission directions of subframe #3 are different. Similar situation would occur in subframe #8 when a PUSCH is granted to be transmitted in subframe #7 of the preceding radio frame and was not correctly received. 
Table 3: PUSCH scheduling timing, (n+k).
	TDD UL-DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
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	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5


Table 4: PUSCH HARQ timing, (n+m).
	TDD UL-DL
Configuration
	subframe index n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	
	
	4
	7
	6
	
	
	4
	7
	6

	1
	
	
	4
	6
	
	
	
	4
	6
	

	2
	
	
	6
	
	
	
	
	6
	
	

	3
	
	
	6
	6
	6
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	6
	
	
	
	
	
	

	5
	
	
	6
	
	
	
	
	
	
	

	6
	
	
	4
	6
	6
	
	
	4
	7
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Figure 1: Subframe conflict during PUSCH retransmission.
As mentioned above, for different PUSCH RTT, the utilization of uplink resource on SCell would be limited if Alternative 1 is adopted. On the contrary, such issue can be solved by Alternative 2 as it provides flexibility of determining transmission direction in the conflict subframe.
4 Conclusion

This contribution discusses the issue on PUSCH retransmission in TDD inter-band CA with different UL-DL configurations. Based on the discussion, our proposal is:

Proposal: For half-duplex UE, the transmission direction is dynamically determined by the eNB scheduling.
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