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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]In RAN#81 meeting, the WID on multi-RAT dual connectivity and carrier aggregation enhancements is approved to be updated, which includes potential enhancements for single UL operation for EN-DC [1]. The corresponding scope for EN-DC enhancements is copied below.
	Study and, if found beneficial over the existing single Tx switched uplink solution, specify enhancements to single Tx switched uplink solution for EN-DC, such as allowing all DL and UL subframes for data transmission for both NR and LTE. [RAN1].

Note: UE in single Tx switched uplink mode is not expected to be scheduled simultaneous transmission on MCG and SCG


In RAN1 Ad-Hoc meeting 1901, the following agreement was achieved [2].
	Agreements:
· It is concluded that it is beneficial to specify enhancements to single Tx switched uplink solution for EN-DC over the existing single Tx switched uplink solution, e.g. via introducing a new reference HARQ configuration using NR/LTE Rel-15 or LTE eIMTA solution, etc.


In this contribution, open issues related to current single UL operation in Rel-15 EN-DC are discussed along with the potential enhancements.
[bookmark: _Ref129681832]Discussion 
First of all, it should be noticed that the motivation of introducing single UL operation for EN-DC in Rel-15 are in two aspects. One is to improve power utilization efficiency for EN-DC UEs that does not support dynamic power sharing. The other one is to avoid UE receiving sensitivity degradation caused by inter-modulation distortion (IMD) and/or harmonics issue in the case of concurrent UL transmissions. 
Considering that Rel-15 EN-DC UE multiplexes LTE UL and NR UL in a semi-static manner and TDM pattern-based single UL operation (SUO case 1) is only specified for LTE FDD, the following aspects can be considered for further enhancement in Rel-16.
· Improving spectrum efficiency at NR side
· Supporting single UL operation for intra-band EN-DC
On improvement of spectrum efficiency for NR
In single UL operation of Rel-15 EN-DC, UE will determine valid LTE UL subframes within a frame according to the higher layer signaling tdm-PatternConfig-r15. The UE is restricted to transmit LTE UL signals only in these valid UL subframes, and it is not allowed to transmit NR UL signals in any NR slot that is overlapped in time with valid LTE UL subframes. As shown in the following figure, for a NR special slot of which the first portion is DL and the latter portion is UL, if it is overlapped in time with a valid LTE UL subframe, the UL portion of the special slot cannot be used for NR UL transmission. 
[image: ]
Figure 1. Illustration of legacy single UL operation
Note that, the UL portion in special slot can be used for SRS transmission which is beneficial for improving DL MIMO performance by the UL/DL channel reciprocity in TDD band. But with the current mechanism in single UL operation, the available UL resource for NR SRS transmission is significantly reduced, which will cause negative impact on the performance of DL MIMO. The UL resource of a NR TDD carrier is usually much less than DL resource, since most of the time duration will be configured to be DL in order to satisfy the DL dominant traffic. Therein, UL resource for NR SRS transmission may be insufficient in single UL operation, especially for UE of high mobility. Owing to this reason, it is preferred to allow more UL resource at NR side at least for SRS transmission for EN-DC UE in single UL operation. For instance, the NR symbols that overlap in time with the last symbol of LTE uplink subframe can be maintained for NR SRS transmission. In this case, UE can transmit LTE PUSCH/PUCCH only in the first 13 symbols of the subframe, and such short format PUSCH/PUCCH is already supported in LTE when cell-specific SRS is configured in the subframe. There is less impact on the LTE specification. 
Proposal 1: Allow EN-DC UE to transmit NR SRS overlapping in time with the last symbol of a LTE uplink subframe designated by subframeAssignment-r15
- The last LTE symbol thereof is reserved and not transmitted.
On single UL operation for intra-band EN-DC
	Conclusion:
When the UE is configured with multiple UL carriers on different frequencies, but the UE operates only on one of the UL carriers at a given time among a pair of LTE and NR carriers, LTE operation with an LTE TDD PCell using the same HARQ timing as LTE operation without EN-DC is supported by the current RAN1 specifications at least when no LTE UL CA is used at least for the following cases
· The UE supports dynamic power sharing
· The UE is configured with P_LTE + P_NR not greater than P_cmax


It is noticed that intra-band EN-DC is also specified in R15 for TDD band. Single UL operation also provides benefits for intra-band EN-DC to avoid IMD issue and attain high efficiency of power utilization for UE not supporting dynamic power sharing. Moreover, for UE capable of dynamic power sharing, NR UL channels may be dropped or lack of transmission power in high probabilities according to current prioritization for power allocation. This would cause a high dropping rate for NR PDSCH since multiple NR PDSCHs in different DL slots rely on one NR UL slot carrying corresponding HARQ-ACKs. Single UL operation is also effective to tackle this issue. For the detailed mechanism to achieve single UL operation, it is possible to reuse that for MR-DC with LTE FDD and NR TDD. 
Particularly, case 1 HARQ timing can be introduced into intra-band EN-DC with LTE TDD PCell in order to allow all DL subframes of LTE to be scheduled for PDSCH transmission. It is feasible to directly reuse the RRC dedicated signaling “tdm-PatternConfig-r15” to attain case 1 HARQ timing for intra-band EN-DC. For the LTE PCell, UE already obtains a TDD configuration via SIB1 configuration “subframeAssignment” which is used for determination of DL and UL subframes as well as the special subframes.  Then the reference TDD configuration signaled via “tdm-PatternConfig-r15” for case 1 HARQ timing configuration should be compatible to the TDD configuration configured by SIB1. Only the subframes that configured to be UL by SIB1 can be designated as UL subframes via “tdm-PatternConfig-r15” while DL subframes and special subframes cannot be overridden to be UL subframes. For example, when TDD configuration 1 is configured to UE by SIB1, reference TDD configuration 2&4&5 are compatible while reference configuration 0&3&6 are incompatible, which is shown in the following figure 2. 
[image: ]
Figure 2. Example of compatible and incompatible TDD configurations
Obviously, the DL HARQ timing should follow the reference TDD configuration via “tdm-PatternConfig-r15”. As for UL HARQ timing, it can still use the legacy timing corresponding to TDD configuration configured by SIB1 because all DL subframes configured by SIB1 are still designated as DL by “tdm-PatternConfig-r15”.
Observation 1: It is feasible to use case 1 HARQ timing mechanism specified in Rel-15 for intra-band EN-DC to achieve single UL transmission.
Besides, there is a discussion on reusing the signaling “eimta-HARQ-ReferenceConfig-r12” introduced in Rel-12 eIMTA to achieve single UL operation. Note that, the candidate reference TDD configurations for “eimta-HARQ-ReferenceConfig-r12” is restricted within configurations {2, 4, 5}, and it cannot cover all possible cases. For example, when TDD configuration 0 is configured to UE by SIB1, reference TDD configuration 1 is compatible but such configuration cannot be adopted using “eimta-HARQ-ReferenceConfig-r12”. 
Observation 2: Rel-12 eIMTA framework is less flexible than the case 1 HARQ timing mechanism specified in Rel-15 in achieving single UL transmission for intra-band EN-DC.
Proposal 2: Support single UL operation for intra-band EN-DC in TDD band.

Conclusions
In this contribution, potential enhancements for single UL operation EN-DC were discussed. The following observations and proposals are given:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: It is feasible to use case 1 HARQ timing mechanism specified in Rel-15 for intra-band EN-DC to achieve single UL transmission.
Observation 2: Rel-12 eIMTA framework is less flexible than the case 1 HARQ timing mechanism specified in Rel-15 in achieving single UL transmission for intra-band EN-DC.

Proposal 1: Allow EN-DC UE to transmit NR SRS overlapping in time with the last symbol of a LTE uplink subframe designated by subframeAssignment-r15
- The last LTE symbol thereof is reserved and not transmitted.
Proposal 2: Support single UL operation for intra-band EN-DC in TDD band.
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