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1. [bookmark: _Ref124589705][bookmark: _Ref129681862] Introduction
RAN WGs have discussed various early deployment scenarios for NR for which support needs to be specified in Rel-15. For both standalone NR and LTE/NR dual connectivity there are variants of the basic deployment scenarios:
· NR non-standalone: LTE/NR dual connectivity (EN-DC option 3/3A/3X)
· Basic EN-DC
· NR in a new band (e.g. 3.5 GHz or mmw) with very dense NR TDD deployment to ensure coverage. A UE would normally support simultaneous LTE UL and NR UL transmissions.
· Some bands combinations are difficult for UEs to use with simultaneous uplink because of intermodulation issues, thus RAN1 agreed on methods for non-simultaneous uplink operation with dual connectivity (sometimes imprecisely referred to as “1Tx UE”).
· EN-DC with SUL (supplemental uplink)
· For maximizing uplink coverage, maximizing DL capacity on a high frequency TDD band, improving latency, while allowing reusing LTE macro sites for NR TDD deployment in the new band (e.g. 3.5 GHz band).
· EN-DC with SUL and UL sharing
· SUL is sharing the uplink portion of a LTE FDD band, allowing for better use of lightly loaded LTE UL bands while achieving the benefits of EN-DC with SUL.
· Practical constraints on spectrum, CAPEX and coverage would require a UE to use the same UL band for NR UL and LTE UL, as discussed further below. UL sharing from UE perspective has been controversial and would require a careful decision in RAN.
· NR standalone
· Basic NR standalone connected to 5G-CN
· NR standalone with a SUL carrier in a low frequency band (possibly shared with LTE)
· NR standalone with DL sharing in a LTE band
RAN WGs have already agreed on most of the specification impact for all the variants above, and it should be noted that there is a lot of commonality in the specification impact of these variants (e.g. same TDM solutions, same power control for SUL with/without UL sharing). Some of the relevant agreements made in WGs are documented in the appendix of this document.
As Rel-15 is the release to enable fundamental functions for NR and targets early deployments from operation across the world, it is crucial that 3GPP RAN does not overlook any important scenario and ensures RAN WGs complete the NR design timely.
2. Discussion
2.1 Scenarios analysis
All the early NSA scenarios shall be based on the prioritized LTE-NR dual connectivity options, i.e. EN-DC option 3/3A/3X, as this is a realistic deployment that operators would consider at the very beginning:



The above architecture would only require one CN, i.e. EPC only for option 3/3A/3X. Consequently there is no UE in the NR cell which would directly connect to the CN. In other words, the UE always uses the LTE control plane to connect to the EPC and there is no NR standalone UE under such deployment. 
In summary it can be assumed that under such deployment, all UEs are LTE-NR DC capable and once DC is configured, these UEs would always work in DC mode.
Observation 1: all the UEs support LTE-NR dual connectivity under EN-DC deployment.
In the RAN1 agreement, scenarios are described as below:
	· Scenario #1 : 
· DC LTE @ Low Frequency (LF) + NR @ 3.5G
· Concept: LTE PUSCH/PUCCH LF, NR PUCCH 3.5G, NR PUSCH 3.5G configurable
· Scenario #2:
· DC LTE@LF + NR@3.5G + NR@LF SUL with UL sharing
· NR and LTE are collocated 
· Concept: LTE band uses LTE/NR UL sharing 
· Note: this scenario is potentially beneficial for reducing latency
· Scenario #3: 
· DC LTE@LF1 + NR@ multiple bands (e.g. LF2 and 3.5G)
· NR and LTE are collocated 
· Concept: NR CA from 3.5G to LF2
· Note: this scenario is potentially beneficial for reducing latency



Scenario#1 is the conventional dual connectivity case where NR is in a new band with very dense deployment. However some bands combinations are difficult for UEs to use with simultaneous uplink due to IMD or harmonic issues, e.g. 1.8GHz +3.5GHz dual connectivity might have serious self interference up to around 30dB. Therefore Scenario#1 cannot be used in all cases. Due to similar reasons, Scenario#3 also has such limitations.
RAN1 agreed to support Scenario#2 from network perspective. Thus in the case where a single uplink carrier is available in the low frequency 2 (LF2), based on Observation 1, as long as the network supports LTE-NR UL sharing then UEs would have to be capable of transmitting NR UL at the same UL frequency as the LTE UL. In addition, using one single UL transmission at a time can also solve the IMD issue and can be helpful for all the affected band combinations, and that would be a typical way of multiplexing NR UL and LTE UL in the same carrier for those UEs. 
Observation 2: with UL sharing from network perspective, the UE shall also support UL sharing if there is just one uplink carrier available for UL sharing between LTE and NR in the low frequency range.
Scenario#2 can be extended into several cases. 

Case1: EN-DC with SUL
[bookmark: _GoBack][image: ]
The above figure shows an example of using SUL, with two different UE configurations. For case 1-1 LTE is anchored on 800MHz as PCell and has another DL carrier on 1.8GHz as SCell, while NR is using 3.5GHz carrier but when the coverage is limited a NR UE can also use 1.8GHz SUL as a complementary access for UL transmission.  Case 1-2 exchanges the frequencies of LTE PCell and NR SUL.
By doing so, the 3.5GHz DL capacity can be maximized as the UL traffic is offloaded to low frequency. At the same time the UL coverage is significantly improved by configuring the PUSCH/PUCCH at low frequency. Another benefit is the latency, when the UL NR PUSCH/PUCCH is configured and used on 1.8GHz, the HARQ latency is obviously reduced: unlike 3.5GHz TDD ACK/NACK, every 1.8GHz UL subframe is available for ACK/NACK.
It is also worth mentioning that such configuration does not have significant impact on LTE performance as LTE has a different anchor band than the SUL band: in the above example when LTE has the anchor band 800MHz and the 1.8GHz DL is only used as a SCC, even if 1.8GHz UL is used by NR, the original HARQ process and data throughput from LTE side would not be impacted.
However, in order to limit UL sharing to the network perspective and avoid UL sharing from the UE perspective as shown in case 1, an operator would have to configure two LTE PCells for different UEs in different bands, which poses challenges for ensuring the same coverage at 800 MHz and 1.8 GHz.
Case 2: EN-DC with SUL and UL sharing from UE perspective
LTE UL
LTE DL
NR UL
NR DL/UL
Case 2

Compared with Case 1, Case 2 does not require multiple carriers for LTE. The SUL used by NR can be the same as LTE carrier, e.g. 800MHz is the LTE Pcell carrier for all LTE/NR DC UEs and at the same time is used as the SUL for NR. This case would be useful when operators have spectrum and coverage limitations for some existing LTE bands.
Although operators might have multiple frequency bands for LTE deployment already, the coverage for these bands varies much. For instance, operators might have ubiquitous coverage on 700MHz/800MHz, but for 1.8GHz the number of sites might not be sufficient due to the difficulties of finding new candidate sites with higher density. Therefore in practice not all LTE frequency bands  show equal coverage in some areas, LTE 800MHz takes around 15%- 30% traffic handling where no LTE 1.8GHz is present. 
Besides the benefits from the above, SUL with UL sharing also has the benefits mentioned from Case 1, i.e. coverage enhancements, NR 3.5GHz DL capacity improvement and lower latency, and improves the resource utilization of LTE FDD UL. In today’s LTE network, the utilization of UL and DL is quite asymmetric and from the statistics of the existing network, the UL utilization ratio is much lower than the DL which leads to a huge waste of spectrum resources. To allow UL sharing between LTE and NR can significantly increase the utilization of the allocated spectrum. 
Based on the above, both Case 1 and Case 2 are practical for the network deployment and shall be considered within Rel-15 to address different operators’ requirements. Therefore, similar as observation 2, UL sharing from UE perspective with LTE UL and NR UL on the same carrier should also be supported even in cases where operators have multiple LTE bands available in low frequency ranges.
Observation 3: with UL sharing from network perspective, the UE shall also support UL sharing even if there is more than one uplink carrier available for UL sharing between LTE and NR in the low frequency range.
Proposal 1: simultaneous operation of NR UL and LTE UL on the shared bandwidth should be supported from UE perspective, in addition to support from the network perspective in LTE/NR dual connectivity deployments.
2.2 Specification impact
RAN4 has already agreed the band definition for SUL and LTE-NR coexistence (see appendix). As RAN4 needs to define RF performance KPI and RRM parameters for LTE-NR dual connectivity and NR CA, such work is actually common for LTE-NR coexistence bands and therefore no additional work is foreseen for coexistence/sharing.
In RAN1, agreements were made in previous meetings that almost completely specify support for UL sharing:
	Agreements on Subcarrier alignment
In NR, support configuration between the following for paired spectrum (support of scheme 2 below is conditioned on the assumption that 100kHz is adopted as a supported UL channel raster in NR to support LTE/NR co-existence with LTE FDD)
Scheme 1: Do nothing to allow subcarrier alignment between NR UL (15 kHz) and LTE UL
Scheme 2: allow subcarrier alignment between NR UL (15 kHz) and LTE UL, where NR UL raster is with a 7.5 kHz shift to the LTE UL raster 
Agreements on SUL 
For NR UE initial access based on RACH configuration for an SUL carrier 
RACH configuration for the SUL carrier is broadcasted in RMSI
The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
In particular the configuration information includes all necessary power control parameters
The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
Agreements on single UL transmission
Working assumption: 
When the UE is configured with multiple UL carriers on different frequencies (where there is at least one LTE carrier and at least one NR carrier of a different carrier frequency), but the UE operates on only one of the carriers at a given time among a pair of LTE and NR carriers 
UE can be configured with 
Case 1: DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell 
For scheduling/HARQ timing of LTE FDD carrier, DL-reference UL/DL configuration defined for LTE-FDD-SCell in LTE-TDD-FDD CA with LTE-TDD-PCell is applied
UE is allowed to transmit NR UL signals at least in the subframe(s) where LTE UL transmission is not allowed according to the DL-reference UL/DL configuration
FFS whether or not a UE-specific subframe offset for the DL-reference UL/DL configuration can be configured considering system resource utilization and potential spec impact
Case 2: Release 15 LTE-FDD HARQ timing
No impact on LTE RAN1 specifications
Note: it doesn’t necessarily imply that UE has to support both cases 




When Scenario#2 with UL sharing is supported for NSA NR, what needs to be specified is the UL frequency selection and switch in idle and connected modes, respectively, which can be the same as what was agreed in RAN1 for SUL without UL sharing. For Scenario#1 (basic EN-DC), impact includes power control, X2 interface information exchange and HARQ process for asymmetric DL and UL numerology, and Scenario#2 can use exactly the same solution. All of the above have been already agreed in RAN1, with remaining details of power control in RAN1 and IE design for RMSI in RAN2.
For TDM patterns between NR UL and LTE UL, although detailed patterns used by the network and signalled to the UE might be different depending on the scenario (e.g. same or different frequencies), the principle is the same and it is expected that the basic NR design will already support the required flexibility for configuring or signaling to allow time-domain multiplexing of various NR uplink signals and channels, and where LTE UL can be transmitted in reserved NR resources (i.e. not usable by the UE for NR, as agreed for forward compatibility).
Proposal 2: there is only minimum additional specification impact to support UL sharing from UE perspective and a common design can be in principle be achieved for all the above scenarios.
3. Proposal
Based on the above discussion, it is proposed that: 
Observation 1: all the UEs support LTE-NR dual connectivity under EN-DC deployment.
Observation 2: with UL sharing from network perspective, the UE shall also support UL sharing if there is just one uplink carrier available for UL sharing between LTE and NR in the low frequency range.
Observation 3: with UL sharing from network perspective, the UE shall also support UL sharing even if there is more than one uplink carrier available for UL sharing between LTE and NR in the low frequency range.
Proposal 1: simultaneous operation of NR UL and LTE UL on the shared bandwidth should be supported from UE perspective, in addition to support from the network perspective in LTE/NR dual connectivity deployments.
Proposal 2: there is only minimum additional specification impact to support UL sharing from UE perspective and a common design can be in principle be achieved for all the above scenarios.
A corresponding Rel-15 NR WID revision is provided in RP-171780 to show how objectives could be revised to accommodate the above proposals.

4. Appendix: WG agreements
RAN1 agreement on LTE/NR dual connectivity:
	RAN1#89bis Agreements:
· RAN1 should consider the following scenarios as listed in R1-1711817 in the future Rel-15 work especially in terms of UL coverage
· Scenario 1
· Scenario 2 where UL sharing is from network perspective
· FFS where UL sharing from UE perspective
· Aim to conclude in the next meeting; if no consensus, consider sending an LS to RANP for clarification
· Scenario 3



In addition RAN4 agreed the band definition for NR-LTE coexistence. In RAN4#82bis the candidate bands applied for NR-LTE coexistence have been adopted as below:
	Frequency ranges for NR 
	Operators whose request is included in the frequency range 

	1710-1785MHz (UL)/3.3-4.2 GHz*(DL&UL) 
	China Telecom, China Unicom, CMCC, Deutsche Telekom 

	832-862MHz (UL)/3.3-4.2 GHz*(DL&UL) 
	Orange, Telefonica, Etisalat, Deutsche Telekom 

	880-915MHz (UL)/3.3-4.2 GHz*(DL&UL) 
	CMCC 

	703-748MHz (UL)/3.3-4.2 GHz* (DL&UL)  
	Orange, Telefonica, Etisalat 



In RAN4#84 meeting the NR band numbering for SUL and NR-LTE coexistence  has been agreed in R4-1709181 and following is the agreed example:
	Representation 
	Functionality 

	SUL_n78-n81 
	Band combination of NR band n78 and band n81(SUL) for NR operation 

	DC_3-SUL_n78-n80 
	LTE-NR DC between LTE Band 3, and NR bands n80 (SUL) and n78 including NR-LTE coexistence with UL sharing 
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