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1
Introduction
RAN#77 agreed more focused work plan for RAN1 and RAN4 in [3] for ensuring the successful completion of NR NSA/SA specifications on schedule. The following was agreed on SUL and LTE- NR co-existence area for RAN:
	NR-LTE Coexistence

· Aiming December 2017 completion:
· DL NR-LTE coexistence (only from network perspective) based on 15kHz numerology for control/data

· UL NR-LTE coexistence, i.e., UL sharing only from network perspective

· Single UL Tx according to RAN1 decisions

· Solution to harmonic issue

· Supplementary UL

· Strive for specifying support for LTE/NR UL sharing from UE perspective in Rel-15 by June 2018

· There is no NR L1/L2 impact after Dec 2017

· Completion of standalone NR has priority until June 2018
· No additional work specific to UL sharing from UE perspective in WGs until Dec 2017


Additionally, the following was agreed for RAN4 in [3]:

	LTE-NR DC

· Aiming December 2017 completion:
· Focus on LTE-NR DC for 2UL without NR-LTE coxistence and supplementary UL

· LTE - NR (sub6) DC
· Note that analysis for 2UL can cover that for single UL Tx for RF part (FFS: RRM and demodulation parts)
· LTE - NR (above 24) DC
· Strive for specifying support for LTE/NR UL sharing from UE perspective in Rel-15 by June 2018

· There is no NR L1/L2 impact after Dec 2017

· Completion of standalone NR has priority until June 2018

· No additional work specific to UL sharing from UE perspective in WGs until Dec 2017
Suplementary UL

· Aiming December 2017 completion:

· Supplemental UL

· UL NR-LTE coexistence only from network perspective


In this contribution, we discuss different deployment cases for SUL and UL sharing both from the network perspective and UE perspective to facilitate detailed discussion and decision making what is expected to be supported in the December 2017 NSA specifications and what may be done later like UL sharing from the UE perspective.
2
SUL and UL sharing deployment cases
Supplementary UL and UL sharing are sometimes mixed with each other although they should not. In order to clearly differentiate SUL, UL sharing from the network perspective, UL sharing from the UE perspective and DL sharing from the network perspective in this section we discuss these different cases through examples. 
The following SUL bands have so far been agreed to be developed in RAN4 and they are captured to TR 38.817-01 [11]:
	n80

1710 – 1785 MHz
N/A
SUL 

n81

880 – 915 MHz
N/A
SUL 

n82

832 – 862 MHz
N/A
SUL 

n83

703 – 748 MHz
N/A
SUL

n84

1920 – 1980 MHz

N/A

SUL

n85

2496 – 2690 MHz

N/A

SUL




In [4] and [5] RAN4 has also agreed to develop the following SUL related band combination. The first two ones are only relevant for NR standalone operations and the two latter ones for LTE-NR DC operations. 

	Table x: Release 15 SUL band combinations
SUL combination
REL independent from

SUL_n78-n80
Rel-15
SUL_n78-n81
Rel-15
DC_3-SUL_n78-n80

Rel-15
DC_8-SUL_n78-n81
Rel-15



In addition to SUL deployment cases, RAN#77 agreed in [3] that UL sharing from the network perspective is aimed to be supported in the December NR NSA specification. However, the status and when UL sharing from the UE perspective will be completed is still open as noted in [3]. This means that for UE UL sharing from the network perspective is now only LTE- NR band DC combination or SUL band. Therefore, UL sharing from the network perspective should be fully transparent to the UE. 
While UL sharing from the network perspective can be utilized in SUL deployments, SUL does not require any kind of UL sharing. Figure 1 provides two examples of possible SUL deployment cases without any UL carrier sharing; case 1 with NR SUL carrier next to LTE UL carrier and case 2 with NR SUL carrier next to WCDMA UL carrier. In the example case 1 NR SUL is deployed on one of the LTE UL carriers of Band 3 by utilizing the corresponding LTE DL carrier in LTE DL carrier aggregation. In the same way in the example case 2 NR SUL carrier is deployed on one of the UTRA Band 1 UL carriers and the corresponding DL carrier is for HSPDA dual carrier operations. These examples case 1 and case 2 do not require any UL sharing relating support in the specification but the corresponding SUL bands and LTE – NR DC band combinations are sufficient. 
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Figure 1: Examples of SUL deployment cases and related band combinations
Observation 1: SUL deployments do not require any kind of UL sharing; SUL operation must not be limited to sharing cases only. 
In the next examples in Figure 2 we show how UL sharing from the network perspective can be used as part of LTE – NR DC band combinations and SUL operations. While NR SUL and LTE UL carriers are overlapping the actual physical layer channels are organized such that LTE and NR channels do not overlap and suitable guardband (GB) is used between LTE and NR transmissions if needed. All the coordination is done by the network and thus, both case 3 and case 4 in Figure 2 are just different band and band combinations for UEs. 
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Figure 2: Examples UL sharing from the network perspective i.e. UL sharing transparent to UE

Observation 2: UL sharing from the network means LTE – NR band combination or SUL band for UE and UL sharing from the network perspective is fully transparent to the UE and UE requirements. 

In Figure 3 we also present an example of UL sharing from the UE perspective where the NR UE is aware of UL carrier sharing between LTE-NR. As the NR UE is aware of the LTE and NR UL carrier sharing between SUL band n80 and LTE band 3, also LTE – NR NSA operations using LTE- NR DC band combination between Band3, n78 and n80 should be possible. This means that specific UE requirements are also needed for supporting UL sharing from the UE perspective, However, as noted in the RAN#77 updated work plan in [3], UL sharing from the UE perspective is not supported in the December NR NSA specifications and it is still to be confirmed by the RAN plenary when this feature of UL sharing from the UE perspective could be included to the NR specifications. 
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Figure 3: Example of UL sharing from the UE perspective, NR UE aware of shared UL carrier

Observation 3: UL sharing from the UE perspective requires UE awareness and additional UE support and UE requirements. The inclusion of this feature to the NR specifications still requires confirmation by RAN plenary before developing specifications for UL sharing from the UE perspective.
As there has been some confusion e.g. in the drafting of TS38.101 specs how SUL and UL sharing are connected to each other, we would like RAN4 to confirm that SUL is NR supplementary UL band with its own band number and it does not require any kind of UL sharing or LTE-NR co-existence. Instead new SUL bands can be proposed based on available UL spectrum suitable for UL only transmission in a similar manner as SDL bands for DL only transmission.  Also for ensuring clarity in the NR UE specification editing, we would also like RAN4 to confirm that the currently agreed SUL bands and DC band combinations can be deployed without any kind of UL sharing. 
Proposal 1: RAN4 to confirm that SUL is NR supplementary UL band with its own band number and it does not require any kind of UL sharing or LTE-NR co-existence and the currently agreed SUL bands and DC band combinations can be deployed without any kind of UL sharing. 
3
UE switching time requirements for UL sharing 

RAN4#84bis made the following agreement on UE switching time capabilities and requirements for UL sharing in [1].
	· For UL sharing from network and UE perspective with LTE/NR UL subcarrier alignment, the switching time between LTE and NR shall be minimized to guarantee system performance.
· In order to allow different implementations e.g. Digital rotator (~0us), RF shift (<20us), UE switching time between LTE and NR shall be defined as UE capability with the two options ~0us and <20us.
· For a UE reporting capability of  “~0us” the switching time between LTE and NR is ~0us in all UL sharing cases except the following case:
· The UE is using UL sharing from UE perspective with the UL CBW for LTE and NR being different OR NR UL uses SCS =60KHz, the switching time is FFS
· For a UE reporting capability of “<20us” the switching time between LTE and NR is below 20us in all cases
· RAN4 shall define the corresponding requirements for this switching time 
Note: UE switching time includes LO re-tuning time and any additional related interruption time due to RF and BB transition between LTE and NR, excluding the normal LTE transient period (20us) or NR transient period (10us), which will be captured in the time mask requirement.
· Send an LS to RAN1/2 capturing the above agreement. This LS is not intended to change the RAN1 agreement in R1-1711839


While UL sharing from the UE perspective was used as one study aspect for the switching time evaluations in addition to the UL sharing from the network perspective, it is worth noting that into the specifications we should only include requirements, which are valid for UL sharing from the network perspective. When RAN plenary will agree that UL sharing from the UE perspective can be introduced in the specifications, also related specifications and requirements can be added to the specifications. 

As discussed in the previous section, SUL and UL sharing from the network perspective mean only specific bands and LTE-NR DC band combinations for the UE. This on the other hand means that switching between LTE and NR uplinks in LTE – NR DC combinations should only take place in the following cases;
1. In case of difficult LTE-NR DC band combinations and related difficult channel allocations the UE is allowed to require TDM based single UE transmission instead of dual UL. RAN4 is already discussing this issue and creating rules and criteria when single UL transmission is allowed for the UE. The rules should be applied for the band combinations including SUL bands and/or UL sharing from the network perspective. This TDM based single UE transmission is not relevant for a case where a carrier is shared by LTE and NR from the network perspective as the UE cannot have the same carrier used by LTE and NR in normal LTE-NR DC band combination (i.e. this would not be transparent to the UE)
2. When certain LTE and NR carriers and related LTE- NR DC configurations are configured or reconfigured to the UE and UL subcarrier alignment between LTE and NR is needed, the UE is also allowed to have switching time for taking this configuration in use. New configuration requiring UL subcarrier alignment between LTE and NR could also occur in case of handover.
Later on, when UL sharing from the UE perspective is introduced to the specifications, the switching between LTE and NR transmission may also become relevant in other cases. Considering the two above-mentioned cases, where the UE is allowed to have non-zero switching time for switching transmission between LTE and NR, only the first case is relevant for UE RF requirements in TS38.101 but this additional non-zero switching time could only be introduced for the cases where TDM based single UL transmission is allowed. The latter case is related to UE handover and (re)-configuration time requirements like interruption time requirements to be introduced in TS38.133 
Proposal 2: In the December 2017 NR specifications, the agreed non-zero UE switching time between LTE and NR is valid in the following two cases; 

1. In case of difficult LTE-NR DC band combination and related difficult channel allocations the UE is allowed to use TDM based single UL transmission (as already discussed in RAN4, not relevant for a UL carrier shared by NR and LTE) 
2. In case of handover or UE is configured or reconfigured such LTE and NR carriers and LTE – NR DC band combination that requires UL subcarrier alignment between LTE and NR
4
Conclusions 

In this contribution, we have discussed different deployment cases for SUL and UL sharing both from the network perspective and UE perspective and how the latest RAN#77 agreements for the updated RAN1 and RAN4 work planned should be taken into account in the RAN4 work. In the contribution, we make the following observations on SUL and UL sharing;
Observation 1: SUL deployments do not require any kind of UL sharing. 
Observation 2: UL sharing from the network means LTE – NR band combination or SUL band for UE and UL sharing from the network perspective is fully transparent to the UE and UE requirements. 
Observation 3: UL sharing from the UE perspective requires UE awareness and additional UE support and UE requirements. The inclusion of this feature to the NR specifications still requires confirmation by RAN plenary before developing specifications for UL sharing from the UE perspective.
In order to provide clarity for the NR UE specification editing we propose RAN4 to confirm the following:
Proposal 1: RAN4 to confirm that SUL is NR supplementary UL band with its own band number and it does not require any kind of UL sharing or LTE-NR co-existence and the currently agreed SUL bands and DC band combinations can be deployed without any kind of UL sharing. 
Additionally, we discussed how the recent RAN4 agreement on UE switching time between LTE and NR for allowing UL subcarrier alignment between LTE and NR should be taken into account in the December 2017 NR NSA specification completion.  Based on the discussion we make the following proposal:
Proposal 2: In the December 2017 NR specifications, the agreed non-zero UE switching time between LTE and NR is valid in the following two cases; 

1. In case of difficult LTE-NR DC band combination and related difficult channel allocations the UE is allowed to use TDM based single UL transmission (as already discussed in RAN4, not relevant for a UL carrier shared by NR and LTE)
2. In case of handover or UE is configured or reconfigured such LTE and NR carriers and LTE – NR DC band combination that requires UL subcarrier alignment between LTE and NR
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