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1 Introduction

During March 2017 RAN plenary meeting, it was agreed to support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier. The relevant part in the latest WID [1] is copied below:
	-
NR-LTE co-existence mechanisms [RAN1, RAN2, RAN4];

-
Support co-existence of LTE UL and NR UL within the bandwidth of an LTE component carrier and co-existence of LTE DL and NR DL within the bandwidth of an LTE component carrier, and identify and specify at least one NR band/LTE-NR band combination for this operation.

-
Minimize impact to NR physical layer design to enable this co-existence.

-
No impact to the ability of legacy LTE devices to operate on the LTE carrier co-existing with NR

-
No implication that all UEs have to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier, in accordance with RP-172104


In RAN1#92 meeting [2], the following agreements on EN-DC with Case 1 HARQ timing and priority rules for overlapping transmissions between different CCs/uplinks were achieved.
	Agreement:
For a UE operating in EN-DC when configured with Case 1 HARQ timing on an FDD PCell

· No changes to the current DCI format size for DCI formats 0 and 1A in the CSS

· UE does not use PHICH

· The UL scheduling/HARQ timing is as follows:
· PUSCH HARQ RTT is 10ms
· UL grant in subframe n scheduled PUSCH in subframe n+4, and the UL grant for the same UL HARQ process occurs in subframe n+10 
· Note: This supersedes previous agreements on the scheduling/HARQ timing for the UL

· The DAI field and the HARQ process number field in DCI formats in the USS follows the design of FDD SCell with TDD PCell

· Support PUCCH format 3/4/5 procedures for HARQ-ACK feedback as in LTE FDD SCell with a TDD PCell, with the following exceptions

· The PUCCH format 1a/1b resource corresponding to a PDSCH scheduled with a DCI is derived based on the resource determination procedure for FDD

· A UE is not expected to receive both unicast PDSCH scheduled by CSS and unicast PDSCH scheduled by USS within a HARQ-ACK bundling window

· If a unicast PDSCH is scheduled in CSS, UE assumes DAI=1

· Note: The above does not change the agreement that LTE UL transmissions only occur in the UL subframes (not including special subframes) of the reference UL/DL configuration

· Note: Per previous agreement, the PDSCH-to-HARQ feedback timing follows the reference UL/DL configuration, for DL assignments in both CSS and USS.
Agreement:
· For power control, the following priority rules for SRS transmission is adopted

· A-SRS > SP-SRS/P-SRS
· Additional prioritization rules for SRS carrier switching cases are not introduced.
Agreement:
Following working assumption is confirmed with the understanding that the CCs are in the same cell group:

· In Case 2, (CCs/uplinks configured for UE have same or different numerologies and partially overlapping transmissions between different CCs/uplinks and same/different transmission duration and one or two PUCCH group(s)), when the UE is power limited due to simultaneous transmission on multiple serving CCs/uplinks,

· PRACH of PCell > PUCCH/PUSCH with ACK/NACK and/or SR > PUCCH/PUSCH with other UCIs > PUSCH w/o UCI > SRS/PRACH of Scell

· Within a same priority level, PCell is prioritized over Scell

· In case that transmission power exceeds Pcmax, Scaling/dropping is applied to the lowest priority first until the aggregated power is within Pcmax.

· Note: different priority of SRS used for carrier switching can be discussed further

· Scaling or dropping of the whole or part(s) of a transmission is left to UE implementation.

· Note: If the aggregated transmission power does not exceed Pc_max within any part of a transmission that overlaps with other transmission(s), the transmission is considered as non-power limited case.

· Note: power control with look-ahead is not required at UE.

FFS: Priority on the UL and SUL 




This contribution provides our views on remaining details for priority rules of concurrent and non-concurrent transmission for cell with SUL, and also on issues for EN-DC UE with Case 1 HARQ timing where more than one cells are configured to the MCG using LTE radio access. 
2 Discussion
In this paper, the design, as usual, is aiming to be common to all SUL deployment scenarios for both SA and NSA mode including UL sharing from network perspective and UE perspective. 
2.1 On priority rules for cell with SUL 
For a UE configured with SUL, only one of non-UL and SUL carrier can be configured as the PUCCH carrier on which the UE can transmit PUCCH. And simultaneous transmission of PUSCH on both non-UL and SUL within the same cell is not supported. Furthermore, if a UE would transmit PUCCH on an SUL/non-SUL carrier that overlaps in time with PUSCH transmission on the other UL carrier, UCI would be piggybacked in the PUSCH. Namely, simultaneous transmission of PUSCH and PUCCH on both non-UL and SUL is not supported either. Hence, only simultaneous transmission of SRS and PUSCH/PUCCH/SRS on both the two UL carriers would occur. In RAN1#92, “simultaneous transmission of SRS on an SUL/non-SUL carrier and PUSCH/PUCCH/SRS/PRACH on the other UL carrier in the same cell” is agreed to be a UE capability [3]. And note that the priority rules between SRS and PUSCH/PUCCH, and between different types of SRS have been already achieved in RAN1#92 meeting. It is clear to the UE to scale or drop the signal of lower priority in order to satisfy the maximum transmit power limitation or if the UE is not capable of simultaneous transmission on two UL carriers. The only remaining issue is the priority rule between SRS of the same type on both non-UL and SUL.

In practice, gNB can perform uplink channel quality/state measurement based on the SRS transmitted on that uplink carrier, and the corresponding measurement results can be utilized by the gNB to perform flexible and effective frequency selective scheduling for uplink transmission. Moreover, it is necessary to mention that the SRS transmitted on the non-SUL can also be used to assist beamforming/precoding for downlink transmission due to the channel reciprocity of a TDD carrier. Thus, SRS transmitted on non-SUL is preferred to be with higher priority than that on SUL. As a consequence, when SRS on SUL collides with SRS of the same type on non-SUL, UE can either drop the SRS or reduce the transmit power of the SRS on SUL, depending on UE capability and implementation. Thus we have the following proposal. The corresponding text proposal is in our companion contribution [4].
Proposal 1: If SRS on SUL overlaps with SRS of the same type on non-SUL and the UE is power limited due to the simultaneous SRS transmission, the SRS on SUL is of lower priority and it is left to UE implementation whether to scale or drop the SRS on SUL. 

2.2 On Case 1 HARQ timing for EN-DC with more than one LTE cells
In RAN1#89 meeting, it was agreed to support single UL transmission for EN-DC UE where the UL transmission between LTE and NR operates in a TDM manner. In RAN1#90 meeting, the Case 1 HARQ timing has been agreed to be configured to LTE FDD carrier for EN-DC UE where the UE is allowed to only transmit in subframes configured as uplink but all downlink subframes can be scheduled for transmission. 

For an EN-DC UE configured with more than one cells in the MCG using LTE, when the UE is configured with Case 1 HARQ timing for the LTE FDD PCell, it is a natural consequence that the UE shall not transmit in subframes of LTE SCell that are not overlapped with the designated UL subframes of LTE PCell; otherwise single UL transmission for EN-DC UE cannot be achieved. Thus for a LTE FDD SCell, the available UL subframes can be the same as the configured UL subframes by Case 1 HARQ timing of LTE FDD PCell. In other words, Case 1 HARQ timing would be applied to all FDD cells in the MCG of LTE. For a LTE TDD SCell, if the UL subframes according to the corresponding UL/DL configuration of the SCell are the same as the designated UL subframes of the LTE FDD PCell, or are included in the uplink subframes of the LTE FDD PCell, single UL transmission between LTE and NR is achieved in straightforward. If the uplink subframes of the LTE TDD SCell are not the same as or included in the uplink subframes of the LTE FDD PCell, it should be explicitly clarified that the UE is not expected to transmit in the uplink subframes of the LTE TDD SCell which does not belong to the designated uplink subframes of the LTE FDD PCell. Therefore, the following observation is given.
Observation: For a UE operating in EN-DC when configured with Case 1 HARQ timing on the LTE FDD PCell, 
· for each LTE FDD SCell if configured, the UE is allowed to only transmit in the subframes of the SCell that have the same subframe number as the subframes designated as UL of the PCell according to the reference configuration; 
· for each LTE TDD SCell if configured, the UE is allowed to only transmit in the subframes of the SCell designated as UL both by the TDD SCell’s configuration and by the reference configuration of the PCell.
As for the HARQ timing of SCell, since PUCCH is only transmitted in PCell and the Case 1 HARQ timing of LTE FDD PCell can enable all downlink subframes to be scheduled, the HARQ timing of SCell can be the same as that of PCell. In this case, all downlink subframes of the TDD SCell can be scheduled. Thus the following proposal is given. The corresponding text proposals for TS36.213 are in our companion contribution [5].
Proposal 2: For a UE operating in EN-DC when configured with Case 1 HARQ timing on the LTE FDD PCell, for each configured LTE SCell, the corresponding HARQ timing is the same as that of the PCell.
Since the PUSCH scheduling timing for the LTE FDD PCell with Case 1 HARQ timing is still the same as legacy FDD Cell, the PUSCH scheduling time for a configured SCell can be determined by following the approach of LTE CA. Namely, for a FDD SCell, UL grant in subframe n schedules PUSCH in subframe n+4. For a TDD SCell, the PUSCH scheduling time is in accordance with its TDD configuration. While for the PUSCH HARQ timing, it is preferable to be consistent with that of the FDD PCell in order to avoid increasing extra UE complexity since PHICH is no longer transmitted. Hence, the proposal is given below.

Proposal 3: For a UE operating in EN-DC when configured with Case 1 HARQ timing on the LTE FDD PCell, PUSCH HARQ RTT is 10ms for each configured LTE SCell,
· for each LTE FDD SCell if configured, PUSCH scheduling timing is the same as that of the PCell
· for each LTE TDD SCell if configured, PUSCH scheduling timing is according to the TDD SCell’s configuration.
2.3 On NE-DC with architecture option 4
For NE-DC (i.e. with architecture option 4), NR is the MCG and LTE is the SCG. The potential RAN1 impact is in the area of UL power control.
For EN-DC, the UE shall reduce the power at NR side if the total transmit power would be higher than its supported maximum transmit power. Namely, LTE is prioritized than NR. For NE-DC, NR shall have higher priority than LTE since the gNB plays the role similar to MeNB. Thus the power control mechanism for EN-DC needs to be re-considered for NE-DC. Particularly, the priority rule for UE behavior on resolving transmit power limitation or concurrent transmission collision between NR and LTE may be modified
Then we have the following proposal.
Proposal 4: Power control mechanism for NE-DC (architecture option 4) should be specified.

2.4 On 7.5kHz frequency shift
It is a common view that NB-IoT and NR will coexist within the same frequency band in the coming years. Due to the fact that the UL carrier of NB-IoT has a 7.5 kHz shift, such frequency shift should be supported in NR FDD for uplink sub-carrier alignment with NB-IoT in order to mitigate ICI. In RAN4#86, it has been agreed that 7.5 kHz shift in UL carrier is mandatory in Bands n1, n2, n3, n5, n7, n8, n20, n28 and n66.  However, the NB-IoT can also be deployed in Bands n70, n71 and n74, where NR should also support 7.5 kHz shift in UL. This may also benefit eMTC, since n71 and n74 are also bands where eMTC can be deployed. Therefore, we propose to support 7.5 kHz shift in UL carrier in Bands n70, n71 and n74 and detailed discussion is in our companion contribution [6].

Proposal 5: Support 7.5 kHz frequency shift in UL carrier in NR FDD for subcarrier alignment with NB-IoT in Bands n70, n71 and n74.
3 Conclusion

In this contribution, we discuss the remaining issues related to SUL and EN-DC. The following observations and proposals are given:
Observation: For a UE operating in EN-DC when configured with Case 1 HARQ timing on the LTE FDD PCell, 

· for each LTE FDD SCell if configured, the UE is allowed to only transmit in the subframes of the SCell that have the same subframe number as the subframes designated as UL of the PCell according to the reference configuration; 
· for each LTE TDD SCell if configured, the UE is allowed to only transmit in the subframes of the SCell designated as UL both by the TDD SCell’s configuration and by the reference configuration of the PCell.
Proposal 1: If SRS on SUL overlaps with SRS of the same type on non-SUL and the UE is power limited due to the simultaneous SRS transmission, the SRS on SUL is of lower priority and it is left to UE implementation whether to scale or drop the SRS on SUL. 
Proposal 2: For a UE operating in EN-DC when configured with Case 1 HARQ timing on the LTE FDD PCell, for each configured LTE SCell, the corresponding HARQ timing is the same as that of the PCell.
Proposal 3: For a UE operating in EN-DC when configured with Case 1 HARQ timing on the LTE FDD PCell, PUSCH HARQ RTT is 10ms for each configured LTE SCell,
· for each LTE FDD SCell if configured, PUSCH scheduling timing is the same as that of the PCell
· for each LTE TDD SCell if configured, PUSCH scheduling timing is according to the TDD SCell’s configuration.
Proposal 4: Power control mechanism for NE-DC (architecture option 4) should be specified.
Proposal 5: Support 7.5 kHz frequency shift in UL carrier in NR FDD for subcarrier alignment with NB-IoT in Bands n70, n71 and n74.
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