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1
Introduction
Following the RAN#77 prioritization agreements in [1] UL sharing from the UE perspective is not included into the Rel-15 December 2017 5G NR NSA specification. In RAN#77 it was concluded to strive for specifying support of UL sharing from the UE perspective in Rel-15 June 2018 specifications. 

	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



RAN#78 decided that the focus during Q12018 should still be in stabilizing basic and essential functionality for the scope of the December drop that was defined at RAN#77 in [1], with two additions:
· Scope for URLLC work for Rel-15 in H1 for the June drop endorsed in
· For NR-NR CA: finalization of the work to enable up to 2 different numerologies within the same PUCCH group (PUCCH sent on the CC with smaller SCS) in RAN1 in Q1, and in RAN4 (Core) for Q2, for the December drop.

Additionally, RAN#78 decided that RAN2 should focus on finalizing the Architecture Option-3, and start specification work for the essential components of the Architecture Option-2. However, RAN plenary will re-assess the situation again in its March meeting and see if any additional features will be included to the June specification version.

In this contribution we initiate discussion on what UE requirements need to be developed and agreed when support of UL sharing from the UE perspective is added to the specifications. This contribution also discusses UE capability signaling needs for supporting UL sharing from the UE perspective.
2
Discussion 
As discussed e.g. in [3] UL sharing from the network perspective is not visible for the UE and the same UE cannot use both LTE and NR on the shared carrier but only one of them. When UL sharing from the UE perspective is introduced, shared UL carrier is also visible for the UE and the same UE is then be able to transmit both LTE UL and NR UL on the shared UL carrier and even support LTE – NR Dual Connectivity using the shared UL carrier assuming that the UE supports the given band combinations.
If UL sharing from the UE perspective is introduced in Rel-15 NR June specifications, separate UE capability for UL sharing from the UE perspective needs to be introduced as there will be two types of Rel-15 UEs; with and without UL sharing from the UE perspective even with the same band combination support. Therefore, UE band combination capabilities do not provide the network information on UE support for UL sharing from the UE perspective. For the network to be able to utilize UL sharing from the UE perspective it has to know the UE support. Otherwise, the network needs to assume for all Rel-15 NR UEs that UL sharing from the UE perspective is not support.
Proposal 1: UE capability is defined for UL sharing from the UE perspective to enable the feature to be used for Rel-15 UEs.

TS38.101-3 defines LTE-NR band combinations including NSA band combinations with SUL. The NSA related SUL requirements and NSA SUL band combinations assume that there is no UL sharing from the UE perspective and therefore by default the UE supports simultaneous LTE and NR UL transmissions expect for difficult channel allocation of difficult band combinations as specified in TS38.101-3 the UE may request TDM based single UL. Also in case the UE does not support dynamic power sharing and the network has configured P_LTE + P_NR > P_cmax, TDM based single UL transmission needs to be used. However, when RAN1 discussed LTE-NR Dual connectivity using the shared UL carrier, it was assumed that the UE would only be required to support TDM single UL between shared carrier LTE and NR UL transmissions. If this assumption is confirmed in RAN4, it should also be indicated in the TS38.101-3 specifications, which currently e.g. in Table 5.2.2.2.2-1 indicates that for the NSA SUL band combination DC_3_SUL_n78-n80 Single UL is not allowed as shown in the table. If the TDM based single UL is allowed for the UL sharing from the UE perspective, it is also necessary in the EN-DC band combinations to differentiate SUL without UL sharing (or UL sharing from the network perspective) from SUL with UL sharing from the UE perspective. We have illustrated this in the following Table 1. RAN4 should also discuss if all the UEs supporting UL sharing from the UE perspective use TDM based single UL transmission or if also simultaneous LTE and NR UL transmission on the shared UL carrier is also allowed as UE capability. 
Table 1. Example of how to introduce SUL with UL sharing from the UE perspective in EN-DC band combinations.
Table 5.2.2.2.2-1: Band combinations EN-DC (three bands)

	EN-DC Band
	E-UTRA Band
	NR Band
	Single UL allowed

	DC_1-3_n28
	CA_1-3 
	n28
	No

	DC_1-3-n77
	CA_1-3 
	n77
	DC_1_n77, DC_3_n77

	DC_1-3-n78
	CA_1-3 
	n78
	DC_3_n78

	DC_1-3-n79
	CA_1-3 
	n79
	No

	DC_1-3-n257
	CA_1-3 
	n257
	No

	DC_1-3-n257
	CA_1-3 
	n257
	No

	DC_1-5-n78
	CA_1-5 
	n78
	No

	DC_1-5-n78
	CA_1-5 
	n78
	No

	DC_1-5-n257
	CA_1-5 
	n257
	No

	DC_1-7_n28
	CA_1-7 
	n28
	No

	DC_1-7-n78 
	CA_1-7 
	n78
	No

	DC_1-7-n257
	CA_1-7 
	n257
	No

	DC_1-19-n77
	CA_1-19 
	n77
	DC_1_n77

	DC_1-19-n78
	CA_1-19 
	n78
	No

	DC_1-19-n79
	CA_1-19 
	n79
	No

	DC_1-19-n257
	CA_1-19 
	n257
	No

	DC_1-20_n28
	CA_1-20 
	n28
	No

	DC_1-20_n78
	CA_1-20 
	n78
	No

	DC_1-21-n77
	CA_1-21 
	n77
	DC_1_n77

	DC_1-21-n78
	CA_1-21 
	n78
	No

	DC_1-21-n79
	CA_1-21 
	n79
	No

	DC_1-21-n257
	CA_1-21 
	n257
	No

	DC_3-5-n78
	CA_3-5 
	n78
	DC_3_n78

	DC_3-5-n257
	CA_3-5 
	n257
	No

	DC_3-7_n28
	CA_3-7 
	n28
	No

	DC_3-7-n78
	CA_3-7 
	n78
	DC_3_n78

	DC_3-7-n257
	CA_3-7 
	n257
	No

	DC_3-38-n78
	CA_3-38 
	n78
	DC_3_n78

	DC_3_SUL_n78-n80
	3
	SUL_n78-n80
	No

	DC_3_SUL ULSUE n78-n80
	3
	SUL_n78-n80
	Yes? (conditions to be defined?)

	DC_5-7-n78
	CA_5-7 
	n78
	No

	DC_5-7-n257
	CA_5-7 
	n257
	No

	DC_7-7-n78
	CA_7-7 
	n78
	No

	DC_7-7-n257
	CA_7-7 
	n257
	No

	DC_7-20_n28
	CA_7-20 
	n28
	No

	DC_7-20_n78
	CA_7-20 
	n78
	No

	DC_19-21-n79
	CA_19-21 
	n79
	No

	DC_19-21-n257
	CA_19-21 
	n257
	No

	DC_41-41-n41
	CA-41-41
	n41
	No


Proposal 2: Decide if the UE supporting UL sharing from the UE perspective is allowed to require TDM based single UL transmission for all EN-DC band combinations, which utilize the shared UL carrier for LTE and NR UL.
Proposal 3: If the UE is allowed to request TDM based single UL transmission when UL sharing from the UE perspective is used for such EN-DC band combinations, where TDM based single UL is not otherwise allowed, SUL without and with UL sharing from the UE perspective should be separated in TS38.101-3 (e.g. as shown in Table 1)
Proposal 4: Confirm that UEs supporting UL sharing from the UE perspective are allowed to support simultaneous LTE and NR transmissions on the shared UL carrier.
Proposal 5: If UEs both dual and single UL support are allowed for UL sharing from the UE perspective, define suitable UE capabilities to distinguish these different UE types.
RAN4 has earlier discussed that UE switching time between LTE UL and NR UL for EN-DC with UL sharing from UE perspective could be either ~0us or  <20us depending on if 7.5 kHz UL subcarrier raster shift is applied. Since the UE requirements need to be explicit and testable rather than approximate numbers, we propose the following UE requirements

Proposal 6: No UE switching time allowed to switch between LTE UL and NR UL on the shared UL carrier when no 7.5 kHz UL subcarrier raster shift is used. No UE switching time is allowed, when the UE supports simultaneous transmission of LTE and NR UL on the shared UL carrier.
Proposal 7: When 7.5 kHz UL subcarrier raster shift is used, the UE switching time between LTE UL and NR UL on the shared UL carrier shall be less than 20 us.
It would be important to discuss and confirm if any other exceptions for the UE requirements are needed when UL sharing from the UE perspective is used. We assume that generally the same UE requirements should be applicable also for the case of UL sharing from the UE perspective. However, if this is not the case, differences in the UE requirements should be clearly indicated. 
Since the shared UL carrier is used like two independent LTE and NR UL carriers in EN-DC, it should be discussed in RAN4 if it can be assumed that no additional deployment constraints are needed apart from coordinating the LTE and NR UL transmission so that LTE and NR UL transmissions do not overlap with each other in frequency as illustrated e.g. in Figure 1. This for instance means that there should not be any constraints in UE Tx power differences between LTE and NR UL transmissions but both will follow their own UL power controls and meet all the UE maximum Tx power requirements etc.

Observation 1: For setting UE requirements for UL sharing from the UE perspective it is assumed here that no other deployment constraints are defined apart from ensuring that LTE and NR UL transmissions do not overlap in frequency and TDM based single UL transmission is enabled for the UEs that need it.
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Figure 1: Example of LTE and NR UL transmission on the shared UL carrier
3
Conclusions 

Following the RAN#77 prioritization in [1] UL sharing from the UE perspective is not supported in the December 2017 Rel-15 NR NSA specifications. In this contribution we have discussed what UE requirements are needed if UL sharing from the UE perspective is introduced in the June 2018 Rel-15 NR specifications. Based on the discussion we make the following proposals and observations:
Proposal 1: UE capability is defined for UL sharing from the UE perspective to enable the feature to be used for Rel-15 UEs.

Proposal 2: Decide if the UE supporting UL sharing from the UE perspective is allowed to require TDM based single UL transmission for all EN-DC band combinations, which utilize the shared UL carrier for LTE and NR UL.
Proposal 3: If the UE is allowed to request TDM based single UL transmission when UL sharing from the UE perspective is used for such EN-DC band combinations, where TDM based single UL is not otherwise allowed, SUL without and with UL sharing from the UE perspective should be separated in TS38.101-3 (e.g. as shown in Table 1)
Proposal 4: Confim that UEs supporting UL sharing from the UE perspective are allowed to support simultaneous LTE and NR transmissions on the shared UL carrier.
Proposal 5: If UEs both dual and single UL support are allowed for UL sharing from the UE perspective, define suitable UE capabilities to distinguish these different UE types 
Proposal 6: No UE switching time allowed to switch between LTE UL and NR UL on the shared UL carrier when no 7.5 kHz UL subcarrier raster shift is used. No UE switching time is allowed, when the UE supports simultaneous transmission of LTE and NR UL on the shared UL carrier.
Proposal 7: When 7.5 kHz UL subcarrier raster shift is used, the UE switching time between LTE UL and NR UL on the shared UL carrier shall be less than 20 us.
Observation 1: For setting UE requirements for UL sharing from the UE perspective it is assumed here that no other deployment constraints are defined apart from ensuring that LTE and NR UL transmissions do not overlap in frequency and TDM based single UL transmission is enabled for the UEs that need it.
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