
3GPP TSG-RAN WG1 Meeting 93
R1-1807281
Busan, Korea, May 21st – 25th, 2018
Agenda item:

7.1.5 
Source:
Nokia, Nokia Shanghai Bell
Title:
On single Tx transmission timing in TDD LTE-NR DC 
Document for:

Discussion and Decision

1
Introduction
In previous RAN1 meetings, FDD LTE carrier transmission timing in EN-DC was extensive discussed and reached the agreements. For TDD LTE and NR dual connectivity with simultaneous dual Tx transmission, the UL transmission timing in TDD LTE carrier is following its own UL/DL configuration by default. However as discussed in RAN4#86bis [1], the single uplink operation is allowed according to the UE capability. Thus the UL transmission timing on LTE carrier and NR carrier need to be defined. And the followings were agreed in [2].

· Single Switched UL is allowed
· Multiple Options for TDM – RAN4 may have specific requirements for these options. 
· Option 1: UL TDM pattern as per R4-1805323
· Option 2: UL TDM based on LTE eIMTA framework, to reserve subset of the available UL subframes for LTE.
· Option 3: Dynamic UL TDM
· Other options are not precluded.
· As a per-BC UE capability, UE may signal support for SUO for a given EN-DC band combination. If dual transmission is scheduled instead of single switched uplink,  UE behavior is unspecified.
· No additional signaling required
In this contribution, the UL transmission timing and related HARQ operation from LTE side are discussed.
2
Single uplink operation 
For intra-band EN-DC case, TDD LTE and NR system could operate in the same band, i.e., band B41/n41. For UE type with single Tx or UE with two Tx configured with single uplink operation, as pointed out by [2], there are several options to switch the UL transmission between LTE carrier and NR carrier.
· Option 1: UL TDM pattern as per R4-1805323
With this option, the UL subframes indicated by UL/DL configuration are used for LTE UL transmission, the NR UL transmission will be fixed in the symbols of GP. 

The benefit of this option is no impacts on LTE carrier operation. The drawback is the LTE cell radius could be squeezed with less symbols in GP. Only several symbols are available for NR UL transmission may not be enough.
· Option 2: UL TDM based on LTE eIMTA framework, to reserve subset of the available UL subframes for LTE.
This option is similar as the case 1 reference configuration defined for FDD LTE and NR EN-DC, the DL-reference UL/DL configuration defined in eIMTA is configured to TDD carrier, the reference configuration can be UL/DL configuration 2, 4 or 5. As showing in figure 1, the TDD LTE carrier is configured with UL/DL configuration 2, the DL-reference UL/DL configuration is UL/DL configuration 5. So DL HARQ timing follows the timing of UL/DL configuration 5, the available UL subframe is determined by UL/DL configuration 5 as well, i.e., only subframe 2 is used for LTE UL transmission, the LTE UL HARQ timing is following its own UL/DL configuration, i.e., configuration 2. The subframe 7 is used for NR UL transmission, LTE and NR are time domain multiplexed.  
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Figure 1: example of DL-reference UL/DL configuration for TDD LTE-NR DC

The option 2 could work well for single TDD LTE carrier case or CA with same UL/DL configuration. But for CA with different UL/DL configuration or FDD-TDD CA, option 2 may not be efficient, some of DL subframes in FDD carrier or TDD Scell have no DL HARQ feedback. To avoid this performance loss, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA can be configured for a single TDD carrier or TDD Pcell in case of CA, as it’s for single uplink operation, such only DL CA is supported. 
· Option 3: Dynamic UL TDM
This option is not clear enough, the UL transmission could be dynamic scheduled by LTE carrier or NR carrier, if one UL subframe is scheduled by both LTE and NR at the same time, the collision rule need to be defined. But for LTE and NR DL HARQ timing, the UL subframe/slot need to be determined before the DL scheduling. Otherwise DL HARQ operation would not work.
Based on above analysis, comparing the pros and cons, we have the following proposal.
Proposal 1: For single UL operation in EN-DC, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is configured for TDD Pcell
· For DL HARQ timing, the DL-reference UL/DL configuration is applied

· For UL HARQ timing, the Pcell’s UL/DL configuration is applied

· LTE UL transmission is only allowed in the UL subframe(s) indicated by DL-reference UL/DL configuration

3
Conclusion

In this contribution, we provide the analysis of transmission timing of TDD LTE-NR EN-DC. The following proposal is made.

Proposal 1: For single UL operation in EN-DC, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is configured TDD Pcell
· For DL HARQ timing, the DL-reference UL/DL configuration is applied

· For UL HARQ timing, the Pcell’s UL/DL configuration is applied

· LTE UL transmission is only allowed in the UL subframe(s) indicated by DL-reference UL/DL configuration
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