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1. Introduction

In RAN1#96 and RAN1#96bis meetings [1][2], following agreements were made on single TX-switched UL operation for the case with EN-DC configuration.
	Agreements: (in RAN1#96)
For single tx switched UL in EN-DC with TDD PCell, the LTE PCell can be configured with DL-reference UL/DL config

· For DL HARQ timing, the DL-reference UL/DL configuration is applied

· Only LTE TDD Pattern 2, 4, 5 can be used as DL-reference

· For UL HARQ timing is the same as without reference configuration for PCell’s UL/DL configuration other than TDD pattern 0/6, 

· FFS: whether/how to support TDD pattern 0/6 for LTE PCell

· UE is not expected to transmit on the MCG and SCG simultaneously

· For type 2 UE (i.e., UE without dynamic power sharing capability):

· UE is allowed to transmit LTE PUSCH only in the UL subframes designated as UL in the DL-reference configuration

· For type 1 UE (i.e., UE with dynamic power sharing capability): 

· The UE should not assume that LTE PUSCH is only scheduled in the UL subframes associated configured by the DL-reference configuration

· The UE should not assume that NR PUSCH is only scheduled in the remaining UL subframes other than those configured by the DL-reference configuration

· If there is a collision, 

· In the UL subframes designated as UL in the DL-reference configuration, UE is expected to drop NR PUSCH

· In other UL subframes, UE behaviour to be expected to specified with details FFS

· E.g., drop LTE PUSCH, drop NR PUSCH, etc.

· FFS for the case of NR SRS & NR PRACH

· Note: the impact of switching time (if non-zero) will be further studied.

· Note: the above does not assume any restriction between gNB and eNB (e.g., tight coordination)

· FFS: whether/how to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD PCell)
Agreements: (in RAN1#96bis)
For DL HARQ timing corresponding to the DL-reference UL/DL configuration used in single Tx in EN-DC with TDD Pcell, the following clarifications are agreed:

· For the LTE TDD PCell: use the PDSCH ACK timeline as in Table 10.1.3.1-1 in 36.213.

· For LTE DL CA, the SCell uses the same DL-reference UL/DL configuration as the PCell

· For the LTE FDD SCell: use the PDSCH ACK timeline defined for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)

· FFS

· For the LTE TDD SCell with different UL/DL configuration (as in SIB1) as the TDD PCell: use the PDSCH ACK timeline for SCell as in case of LTE FDD-TDD CA with LTE TDD PCell (i.e. Table 10.1.3A-1 in 36.213)

· For the LTE TDD SCell with the same UL/DL configuration (as in SIB1) as the TDD PCell: use the same PDSCH ACK timeline as the LTE TDD PCell (i.e. Table 10.1.3.1-1 in 36.213)

Agreements: (in RAN1#96bis)
For single UL operation in EN-DC with LTE TDD PCell, and UE is configured with DL-reference UL/DL configuration,

· Support PUCCH formats 3/4/5, PUCCH fallback operation based on implicit resource indication is not supported.
· FFS PUCCH format and resource determination when the UE only receives DAI=1
· FFS whether or not there are any additional issues related to SPS


In this contribution, we discuss on several UL/DL HARQ related issues on the single TX-switched UL operation (i.e., SUO) for the case with EN-DC.
2. Discussions
· Support of LTE Pcell with UL/DL configuration 0/6
It was agreed in RAN1#96 that LTE Pcell can be configured with DL-reference as UL/DL configuration 2/4/5 for DL HARQ timing, and Pcell’s UL/DL configuration (given by SIB) is used for UL HARQ timing if the Pcell UL/DL configuration is 1/2/3/4/5, while the case of Pcell UL/DL configuration 0/6 is remained as FFS. In case of the UL/DL configuration 0/6, since UL HARQ RTT (Round Trip Time) is not matched with 10 msec and UL SF index with PUSCH retransmission is changed from that used for previous transmission, collision between LTE PUSCH retransmission and NR PUSCH would be inevitable in the UL SFs not designated as UL in the DL-reference configuration which need to be dedicated for PUSCH transmission in NR side. The above collision might be avoided by intentionally transmitting PHICH-ACK for NR-dedicated UL SFs, however it would largely increase PUSCH retransmission latency. 
Regarding this UL/DL configuration 0/6, although those are currently not considered as typical deployment, it is necessary to be well designed with consideration of future usage based on cooperation with NR system including EN-DC since those are UL-heavy configurations having a merit to well support the SUO. Moreover, reminding TDD related enhancements so far such as TDD CA with different UL/DL configurations, TDD+FDD CA, and TDD eIMTA, there was not the case to preclude certain UL/DL configurations in the enhancement scope. Furthermore, if it is decided to not support UL/DL configuration 0/6 in Rel-16 with note that this does not preclude consideration of those configurations if commercial need arises in future, for example, in Rel-17 (as suggested in RAN1#96bis), considering Rel-16 UEs (not supporting UL/DL configuration 0/6 at all) in the Rel-17 time with deployment of UL/DL configuration 0/6, it seems to be not desirable.
In this context, to avoid and well handle the above PUSCH collision between LTE side and NR side in SUO case, it is required to apply 10 msec HARQ RTT for the Pcell UL/DL configuration 0/6, and (similarly with DL HARQ) UL HARQ timing can be determined based on a UL-reference configuration as UL/DL configuration 1. To be specific, UL HARQ timing defined in the UL-reference configuration 1 for the PUSCH transmission in UL subframe index 2/3/7 (whose corresponding UL grant/PHICH timing is DL subframe index 6/9/1 as provided in Table 1 below), which are defined as UL in the DL-reference configuration 2/4/5 and dedicated for UL transmission in LTE side, could be used for the case of Pcell with UL/DL configuration 0/6. 
Proposal #1: Apply UL HARQ RTT of 10 msec for Pcell UL/DL configuration 0/6 and determine UL HARQ timing based on UL-reference UL/DL configuration 1.
Table 1: k for TDD configurations 0-6 (where UE shall upon detection of a PDCCH with uplink DCI format and/or a PHICH transmission in subframe n intended for the UE, adjust the corresponding PUSCH transmission in subframe n+k, with k given in Table 1, according to the PDCCH and PHICH information.)
	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
	
	
	

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5


· Handling of PUSCH collision between LTE and NR 
It was also agreed in RAN1#96 that the type 1 UE is expected to drop NR PUSCH for the collision between LTE PUSCH and NR PUSCH in the UL SFs designated as UL in the DL-reference configuration, while behavior of the UE for PUSCH collision in other UL SFs is remained as FFS. 
Regarding this issue, one thing to be carefully considered is the PUSCH retransmission purely depending on PHICH reception without detecting UL grant PDCCH in LTE side since the retransmission would be automatically done by UE just based on PHICH-NACK, even though eNB does not provide UL grant PDCCH not intending to instruct it. 
Proposal #2: Consider how to handle PUSCH retransmission purely depending on PHICH without detecting UL grant PDCCH in LTE side for handling of PUSCH collision between LTE and NR.
· PUCCH format/resource for HARQ-ACK feedback 

Regarding HARQ-ACK feedback in this SUO case, it seems to be currently considered not to support HARQ-ACK fallback by implicit PUCCH format 1a/1b resource since PDCCH CCE-to-PUCCH resource index mapping would be different between SUO UEs and legacy UEs due to use of different DL-reference configuration for DL HARQ timing. Considering potential eNB complexity and scheduling restriction, such way seems to make sense, but it is still necessary to consider on: 1) which PUCCH format is used for the case of HARQ-ACK fallback (e.g. explicit PUCCH format 1a/1b resource by RRC or one of PUCCH format 3/4/5 resources corresponding to ARI signalling), and 2) how to determine PUCCH resource in case without receiving ARI from DL grant PDCCH. 
Regarding this HARQ-ACK fallback issue, it is desirable to allocate an explicit PUCCH format 1a/1b resource by RRC (rather than PUCCH format 3/4/5) in terms of PUCCH resource overhead, and this PUCCH resource is dedicated for the purpose of the fallback HARQ-ACK transmission and thus it corresponds to the PDCCH with DAI = 1. Furthermore, in case of receiving the PDCCH with DAI = 1 and SPS PDSCH only, PUCCH format 1b with channel selection could be used based on two PUCCH resources dedicated for DAI = 1 and SPS PDSCH. Considering that this SUO UE would basically be LTE TDD UE with capability of PUCCH format 1b with channel selection as mandatory, additional complexity would not be introduced.
Proposal #3: Allocate an explicit PUCCH format 1a/1b resource for the fallback HARQ-ACK transmission corresponding to the PDCCH with DAI = 1.
· HARQ-ACK timing based on DL-reference configuration
Regarding the FFS point (in RAN#96bis agreement) on HARQ-ACK timing for LTE TDD Scell, the proposal in RAN1#96bis was to use the HARQ-ACK timing table designed for FDD-TDD CA. However, considering this SUO UE would originally be LTE TDD UE with TDD CA capability, it might be burden to implement HARQ-ACK timing designed for FDD-TDD CA. 

One possible way is to use HARQ-ACK timing table designed for TDD CA with different UL/DL configuration. Specifically, HARQ-ACK timing for LTE TDD Scell in SUO case with LTE TDD Pcell can be determined as for the case of Pcell with UL/DL configuration 2/4/5, based on Table 10.1.3.1-1 and Table 10.2-1 in 36.213 as below. 
Proposal #4: Determine HARQ-ACK timing for LTE TDD Scell as for the case of Pcell with UL/DL configuration 2/4/5 in TDD CA with different UL/DL configuration.
Table 10.2-1 in TS 36.213: DL-reference UL/DL configuration for serving cell based on pair formed by (primary cell UL/DL configuration, secondary cell UL/DL configuration)
	Set #
	(Primary cell UL/DL configuration, 
Secondary cell UL/DL configuration)
	DL-reference 
UL/DL configuration

	Set 1
	(0,0)
	0

	
	(1,0),(1,1),(1,6)
	1

	
	(2,0),(2,2),(2,1),(2,6)
	2

	
	(3,0),(3,3),(3,6)
	3

	
	(4,0),(4,1),(4,3),(4,4),(4,6)
	4

	
	(5,0),(5,1),(5,2),(5,3),(5,4),(5,5),(5,6)
	5

	
	(6,0),(6,6)
	6

	Set 2
	(0,1),(6,1)
	1

	
	(0,2),(1,2),(6,2)
	2

	
	(0,3),(6,3)
	3

	
	(0,4),(1,4),(3,4),(6,4)
	4

	
	(0,5),(1,5),(2,5),(3,5),(4,5),(6,5)
	5

	
	(0,6)
	6

	Set 3
	(3,1),(1,3)
	4

	
	(3,2),(4,2),(2,3),(2,4)
	5

	Set 4
	(0,1),(0,2),(0,3),(0,4),(0,5),(0,6)
	0

	
	(1,2),(1,4),(1,5)
	1

	
	(2,5)
	2

	
	(3,4),(3,5)
	3

	
	(4,5)
	4

	
	(6,1),(6,2),(6,3),(6,4),(6,5)
	6

	Set 5
	(1,3)
	1

	
	(2,3),(2,4)
	2

	
	(3,1),(3,2)
	3

	
	(4,2)
	4


In addition, it would be beneficial to support HARQ-offset (similar as in SUO case 1 in EN-DC with LTE FDD Pcell) even in this SUO case with LTE TDD Pcell, in terms of balancing UE load with PUCCH transmission among UL subframes. 

Proposal #5: Support HARQ-offset in SUO case with LTE TDD Pcell in order for balancing UE load with PUCCH transmission among UL subframes.
3. Conclusion
In this contribution, we discussed on the UL/DL HARQ related issues for the SUO case with EN-DC, and the followings are proposed.
Proposal #1: Apply UL HARQ RTT of 10 msec for Pcell UL/DL configuration 0/6 and determine UL HARQ timing based on UL-reference UL/DL configuration 1.
Proposal #2: Consider how to handle PUSCH retransmission purely depending on PHICH without detecting UL grant PDCCH in LTE side for handling of PUSCH collision between LTE and NR.
Proposal #3: Allocate an explicit PUCCH format 1a/1b resource for the fallback HARQ-ACK transmission corresponding to the PDCCH with DAI = 1.
Proposal #4: Determine HARQ-ACK timing for LTE TDD Scell as for the case of Pcell with UL/DL configuration 2/4/5 in TDD CA with different UL/DL configuration.
Proposal #5: Support HARQ-offset in SUO case with LTE TDD Pcell in order for balancing UE load with PUCCH transmission among UL subframes.
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