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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 interface 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. The proposed TDM solution is proposed to resolve this issue. In this solution, the UE is able to support single UL transmission either in LTE low frequency or in NR high frequency. That means the LTE eNB and NR gNB need to be coordinated, e.g., when the LTE eNB schedule the UE, the NR gNB should leave the UE alone. In theory, this coordination can be dynamic, however, the dynamic coordination requires ideal backhaul. Regarding this, the UL transmission time pattern based coordination agreed in RAN1 seems beneficial.
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 1: UL transmission timing pattern should be provided to the UE in order to support single UL transmission.

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 [2]:

	-
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 UE has to support simultaneous connection of NR and LTE in the bandwidth of an LTE component carrier


The uplink resource sharing of NR and LTE on the uplink carrier of the LTE FDD system scenario was agreed in the RAN1 NR AH January 2017 meeting [2], which is illustrated as in Figure 1.
	Agreements:

· LTE-NR co-existence should support the following UL sharing scenarios:

· Collocated LTE and NR base stations with network operating UL on frequency F1 where LTE UL and NR UL share UL subframes of LTE

· Detailed sharing on the UL is FFS 

· Note: this is not intended to have impact on legacy LTE UEs

· LTE DL on a paired frequency F3

· NR DL transmission on frequency F2 (different than LTE DL frequency)

· NR UE operates in either of the following cases based on a common NR design:

· Standalone NR: UE accesses standalone NR carrier on F2. The UE may not be connected to an LTE carrier (some UE may not even support LTE). 

· FFS whether NR UL frequency F1 is signaled in NR broadcast system information or derived from MIB/PBCH, or implicitly from NR DL frequency F2

· Dual connectivity of LTE and NR: UE accesses LTE PCell (with LTE UL on F1), then is configured by dual connectivity to also operate NR on F1 (UL) and F2 (DL).

· NR DL and UL frequencies (and/or NR band number) are signaled by RRC

· Non-collocated LTE and NR base stations is FFS
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Figure 1 (a) NR DL carrier and UL shared carrier (b) NR TDD carrier and UL shared carrier
In the scenario, LTE UL and NR UL within the bandwidth of an LTE FDD component carrier F1, LTE DL on a paired frequency F3 and NR DL transmission on frequency F2 (different than LTE DL frequency) (Figure 1a). There may be NR UL transmissions on frequency F2 as well if this is a TDD frequency (Figure 1b).
With respect to the LTE-NR co-existence, it is beneficial to improve UL coverage for the UE in the cell edge where the high frequency coverage is limited. In this case, the LTE UL frequency can be used for NR UL transmission. In fact, in LTE-NR DC scenario, RAN1 is considering to introduce a pattern to support the LTE UL frequency sharing between LTE MeNB and NR SgNB. From RAN2 perspective, the need for the pattern in UL sharing is same as that in single transmission scenario as described in the RAN1 LS.

Proposal 2: UL transmission pattern should be provided to the UE in order to support UL sharing between LTE MeNB and NR SgNB.
To support mobility scenario, the UE may move from the central of the cell to the edge of cell, or vice versa. It is necessary to support UL sharing and single UL transmission for one UE. In details, the network may use the pattern for single UL transmission if the UE is in the centre and the network may use UL sharing if the UE is at the edge of the cell for NSA scenario. To avoid the performance impact due to the pattern change delay, we should support fast transition between these two patterns. One way is that, the network configures these two patterns, and use MAC CE to do the switch. 

Proposal 3: Use MAC CE to enable the fast switch between patterns for single UL transmission and UL sharing.

For SA NR, regarding the CONNECTED UE, the connection between UE and network is established and it seems better to allow the network to make the decision on UL frequencies selection for the UE. In general, the network could configure the UL frequencies via RRC messages, however, it should be noticed that the RRC message is not the best choice to perform fast configuration. Considering the condition of the high frequency changes quickly and to make sure the UE service continuity, mechanism to achieve fast switch of the UL frequencies should be taken into account. To our understanding, the MAC CE is also the better choice for this purpose than the RRC message. 

In details, the network should provide two set of UL frequencies to the UE in the initial configuration via RRC message and according to the RAN1 agreements, only one of them should be activated. With the feedback form the UE in real time, the network is able to monitor the UL condition and when the condition of the activated UL frequency is met, the network should perform the fast UL switch via the MAC CE. In fact, the UL switch 
Proposal 4: SA NR should signal UE of two set of UL resources for UL sharing. 

Proposal 4bis: For CONNECTED UE, SA NR network should perform fast UL switch via MAC CE.
For IDLE mode UE, in order that the UE accesses to the NR cell, the paired NR UL frequency F1 related information should be informed to UE which could include UL band, UL carrier frequency and bandwidth, and some common UL configuration. In LTE, common UL configuration information is broadcast in radioResourceConfigCommon IE of SIB2. This IE includes RACH, PUSCH, PUCCH, SRS related configuration. Based on RAN1 agreements below in RAN1#89, the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency.  Obviously corresponding UL information should be broadcast in system information. In the scenario as shown in the Figure 1b, there are two uplink links for the NR DL frequency F2, one is the NR UL frequency F1, the other is NR TDD UL frequency. In this case, two sets of common UL configuration information should be broadcast for the two uplink links respectively.

Proposal 5: Two sets of common UL configuration information for two uplink frequencies should be broadcast in system information respectively for standalone NR co-existence operation.
In RAN1 #89 meeting, it was agreed to specify mechanisms for supporting supplementary uplink frequency and the agreements were provided as following:

	Agreements:

· Specify mechanisms for supporting supplementary Uplink frequency 
· Note: SUL herein refers to the case when there is only UL resource for a carrier from NR perspective
· Use SUL as complimentary access link (including from random access point of view) to NR TDD and to NR FDD, where the UE may select PRACH resources either in the NR TDD/FDD uplink frequency or the SUL frequency. 
· Note: The SUL frequency can be a frequency shared with LTE UL(at least for the case when NR spectrum is below 6 Ghz).
· Minimize impact to NR physical layer design to enable this co-existence

· Note: whether or not UE has to support simultaneous transmission on uplink frequencies is a separate discussion


Based on the agreements, the selection of the UL frequencies should be performed by the UE. Regarding the IDLE UE, we can use MTC similar mechanism, i.e.:

If the radio condition is good, then the UE can select the PRACH resources in higher frequency, i.e., NR TDD/FDD uplink frequency. If the radio condition is bad, the UE should select the uplink frequency in lower frequency, i.e., a frequency shared with LTE UL. It can be done by network configured threshold.

Proposal 6: The IDLE UE selects the suitable PRACH resources based on the threshold configured by the network. 
In addition, it should be noticed that for SA NR, when operating UL on LTE frequency, the UE needs to evaluate the UL path loss to make the decision on the UL power. However, in the LTE-NR co-existence scenario, the UE operates the DL on NR frequency and it will be difficult for the UE to estimate the path loss in LTE frequency based on the condition of the link on NR frequency without any assistance. From the perspective of RAN2, we think it will be feasible for the NR gNB to provide the cell specific path loss difference value to the UE. With this value and evaluation of the NR DL condition, the UE is able to estimate the UL path loss on LTE frequency. Of course, whether the accuracy of the value can satisfy the related requirement should be evaluated by RAN1.
Proposal 7: To support the UL path loss estimation on LTE frequency, the network should provide the cell specific path loss difference value between LTE frequency and NR frequency.
3   Conclusion
In this contribution, we discussed the single transmission based on RAN1 agreements and provide the following proposals:
Proposal 1: UL transmission timing pattern should be provided to the UE in order to support single UL transmission.
Proposal 2: UL transmission pattern should be provided to the UE in order to support UL sharing between LTE MeNB and NR SgNB.

Proposal 3: Use MAC CE to enable the fast switch between patterns for single UL transmission and UL sharing.

Proposal 4: SA NR should signal UE of two set of UL resources for UL sharing. 

Proposal 4bis: For CONNECTED UE, SA NR network should perform fast UL switch via MAC CE.
Proposal 5: Two sets of common UL configuration information for two uplink frequencies should be broadcast in system information respectively for standalone NR co-existence operation.
Proposal 6: The IDLE UE selects the suitable PRACH resources based on the threshold configured by the network. 
Proposal 7: To support the UL path loss estimation on LTE frequency, the network should provide the cell specific path loss difference value between LTE frequency and NR frequency.
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