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1   Introduction

In RAN1 #NR AH2 meeting, the handling of single UL transmission in LTE-NR DC was discussed. It is one solution to resolve the inter-modulation issue between the bands for LTE-NR DC. In RAN4 #82bis meeting, it has been agreed to support carrier aggregation band combinations with LTE_4DL/1UL CC (B1, 3, 7, 20) + NR_1DL/1UL CC (3.4-3.8GHz) and in RAN1 #89 meeting, it was proved simultaneous LTE uplink and NR uplink can create various inter-modulation products that fall in to the LTE FDD downlink frequencies and cause serious receiver sensitivity degradation.

Therefore, RAN1 achieved the following agreements and sent LS [1] to RAN2.

	Agreements:

· Support the following solution to single UL transmission where NW synchronization between eNodeB and gNodeB is assumed (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency)
· When UE is activated with multiple UL carriers on different frequencies, time-switching of LTE UL carrier and NR UL carrier is used

· UL transmission timing pattern of LTE carrier and NR carrier is semi-statically shared between eNodeB and gNodeB 

· FFS: Signaling to UE of UL transmission timing pattern

· UE simultaneously receives signals/channels from both NR DL carrier and LTE DL carrier

· For scheduling/HARQ timing of LTE FDD carrier, the following timing can be considered, e.g., for LTE:

· DL-reference UL/DL configuration for TDD

· DL-reference UL/DL configuration defined for FDD-SCell in TDD-FDD CA with TDD-PCell

· Up to NW implementation (i.e., no RAN1 spec. impact)

· For scheduling/HARQ timing of NR carrier, no special handling would be necessary 

· Other solutions are not precluded


In this contribution, we discuss the single UL transmission in NSA NR from RAN2 perspective and also discuss SA NR as well. 
2   Discussion 

According to RAN1 discussion, there will be inter-modulation degradation between low frequency and high frequency in LTE-NR DC. Upon this assumption, the simultaneous transmission on LTE low frequency and NR high frequency will cause receiver sensitivity degradation. 
In RAN2 #99 meeting, it was discussed based on the LS from RAN1 how to support single UL UE, however, no agreements were achieved. The following are RAN2 question listed in the draft LS [2] to RAN4:

1) Is a UE capability for the need of 1Tx operation required (i.e. indication that UE is incapable of 2Tx operation under certain conditions)?

2) Does need of 1Tx operation apply to all UEs? For example, for a problematic band combination which is applicable for 1Tx operation, would the operation apply for all UEs or only certain UEs with certain implementations? 

3) If the UE capability signalling is needed, with what granularity it should be provided (e.g., per band or per band combination)?

4) Is any kind of additional information needed from UE for the network to be able to schedule UE under the 1Tx operation?

In RAN plenary #77 meeting [3], RAN has discussed the issue of simultaneous dual Tx vs. single Tx for LTE-NR and endorsed [4] RP-172085 as:
· Define in RAN4 specs for which band combinations and channel allocations (to the extent specified by RAN4) within that band combination the UE is allowed to indicate that it does not support 2 simultaneous UL tx (this is not implying the granularity of the signalling)
According to the agreement achieved in RAN plenary, RAN2 should define the UE capability based on RAN4 progress. For example, RAN4 identifies that within the band combination of 1.8GHz and 3.5GHz the UE is allowed to indicate that it does not support 2 simultaneous UL transmission, then RAN2 should introduce an indication following this band combination as an UE capability. From UE perspective, if the UE design does not support 2 simultaneous UL transmission, it should report this band combination specific indication to the network as its capability.

Proposal 1: UE should support the band combination specific indication according to its capability.

When the UE is configured with a problematic band combination which is applicable for 1Tx operation, the MeNB and SgNB shall not schedule the UE simultaneously. To achieve this, the coordination between MeNB and SgNB will be needed. In theory, this coordination can be dynamic, however, the dynamic coordination requires ideal backhaul. Regarding this, the UL transmission timing pattern based coordination agreed in RAN1 seems beneficial. From RAN2 perspective, RAN1 defined pattern should be exchanged between MeNB and SgNB.

From the perspective of UE, it is feasible even if it is not aware of the UL transmission timing pattern of the LTE and NR. In this case, the UE can only follow network schedule and then perform the UL switching between LTE UL and NR UL. However, it will be critical for the UE to perform quick response considering the UE does not know when the network work will switch the UL. To optimize the UE behaviour, it seems beneficial to signal to UE of the UL transmission timing pattern. With timing patter, the UE is able to perform per-process and to some degree, it will improve the performance. From RAN2 perspective, the pattern should be provided to the UE based on RRC signalling. 
Proposal 2: UL transmission timing pattern should be provided to the UE in order to support single UL transmission.

3   Conclusion
In this contribution, we discussed the single transmission based on the agreements achieved in RAN1 and RAN plenary and the following proposals are provided:
Proposal 1: UE should support the band combination specific indication according to its capability.

Proposal 2: UL transmission timing pattern should be provided to the UE in order to support single UL transmission.

4   Reference

[1] R1-1711878, LS on single UL transmission, RAN WG1.  
[2] R2-1709843, Draft LS on 1Tx UE operation, RAN WG2.
[3] RP-172100, LS on single Tx switched UL, RAN.

[image: image1.jpg]Y




3GPP


