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1
Introduction
RAN#79 endorsed the WF on RAN4 work plan for uplink sharing from UE respective (ULSUP) in [1] with the following agreements:

	· ULSUP with SUL band is in scope of Rel-15 NR WI targeting June 2018 completion

· NR Standalone and leftover from NR December drop have higher priority than ULSUP with SUL band

· In Q2 2018, RAN4 will setup the agenda item for ULSUP with SUL band with following sub agenda items. 

· TDM based ULSUP with SUL bands

· FDM based ULSUP with SUL bands 

· ULSUP with SUL band relative contributions will be only discussed under these above agenda items


In this contribution we initiate discussion on what UE requirements and specification updates are needed for supporting of UL sharing from the UE perspective with FDM approach i.e. FDM based ULSUP with SUL bands as indicated above. In [4] we discuss UE requirements for TDM based ULSUP.
2
UE requirements for FDM based ULSUP
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 as part of EN-DC operations. In UL sharing from the network perspective the UE is not aware of the shared carrier but instead different UEs share the carrier and only network is aware of the sharing of UL carrier. 

UL sharing from the UE perspective can be defined and supported in two different ways using 1) simultaneous LTE and NR UE UL transmissions on the shared UL carrier (FDM based) or 2) TDM based single UL transmission alternating between LTE and NR UL transmissions. Following the RAN#79 agreements RAN4 should work on the requirements for both approaches. So far RAN4 has allowed TDM based single UL transmission only for difficult EN-DC band combinations and allocations when the intermodulation products caused by the dual uplink operation interfere own downlink transmission following the formulas specified in TS38.101-3. In all other cases the UE is mandated to support simultaneous dual uplink operations for the EN-DC configurations specified in TS38.101-3. RAN4 is also discussing intra-band EN-DC cases and UE requirements. Intra-band EN-DC with adjacent LTE and NR UL carriers has lots of similarities to the EN-DC with UL sharing from the UE perspective. For intra-band EN-DC case simultaneous LTE and UL transmissions is considered as default UE requirements. Additionally, RAN4 is discussing if some relaxation for the TDM based single UL transmission could also be allowed for intra-band EN-DC as e.g. proposed for DC_41A_n41A in [3]. We see that this same approach could be reused for developing ULSUP requirements as well. Thus, UE requirements for FDM based ULSUP should be developed assuming simultaneous LTE and NR UL transmissions on the shared UL carrier used in EN-DC.
Proposal 1: UE requirements for FDM based ULSUP are developing assuming simultaneous LTE and NR UL transmissions on the shared UL carrier used in EN-DC.
TS38.101-3 defines EN-DC band combinations including EN-DC band combinations with SUL. The current EN-DC related SUL requirements and EN-DC SUL band combinations assume that there is no UL sharing from the UE perspective. Once UL sharing from the UE perspective is introduced in the RAN4 specifications it is also necessary to differentiate between EN-DC SUL band combinations without UL sharing (or UL sharing from the network perspective) and UL sharing from the UE perspective. It is also worth noting that it cannot be assumed that UL sharing from the UE perspective will be deployed in all SUL bands in the future and especially as not all the future SUL bands are expected to overlap or be next to any LTE band. In Table 1 we have illustrated with an example how to introduce ULSUP in the SUL related EN-DC band combinations.
Proposal 2: Indicate in the EN-DC band combinations if ULSUP is defined for SUL based EN-DC band combinations e.g. by DC_3_SUL_n78-n80 indicating no ULSUP and DC_3_SUL ULSUP n78-n80 indicating ULSUP is defined for the given band combination.

Table 1. Example of how to introduce SUL with UL sharing from the UE perspective in EN-DC band combinations.
Table 5.2B.4.2-1: 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_1-5-n78
	CA_1-5 
	n78
	No

	DC_1-5-n78
	CA_1-5 
	n78
	No

	DC_1-7_n28
	CA_1-7 
	n28
	No

	DC_1-7-n78 
	CA_1-7 
	n78
	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_1-20_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_1-42_n77
	CA_1-42
	n77
	DC_1_n77

	DC_1-42_n78
	CA_1-42
	n78
	No

	DC_1-42_n79
	CA_1-42
	n79
	No

	DC_2-(n)71
	CA_2-71
	n71
	

	DC_3-5-n78
	CA_3-5 
	n78
	DC_3_n78

	DC_3-7_n28
	CA_3-7 
	n28
	No

	DC_3-7-n78
	CA_3-7 
	n78
	DC_3_n78

	DC_3-19_n77
	CA_3-19
	n77
	

	DC_3-19_n78
	CA_3-19
	n78
	

	DC_3-19_n79
	CA_3-19
	n79
	

	DC_3-20_n78
	CA_3-20
	n78
	

	DC_3-21_n77
	CA_3-21
	n77
	

	DC_3-21_n78
	CA_3-21
	n78
	

	DC_3-21_n79
	CA_3-21
	n79
	

	DC_3-38-n78
	CA_3-38 
	n78
	DC_3_n78

	DC_3-42_n77
	CA_3-42
	n77
	DC_3_n77

	DC_3-42_n78
	CA_3-42
	n78
	DC_3_n78

	DC_3-42_n79
	CA_3-42
	n79
	No

	DC_3_SUL_n78-n80
	3
	SUL_n78-n80
	No

	DC_3_SUL ULSUP n78-n80
	3
	SUL_n78-n80
	

	DC_5-7-n78
	CA_5-7 
	n78
	No

	DC_7-7-n78
	CA_7-7 
	n78
	No

	DC_7-20_n28
	CA_7-20 
	n28
	No

	DC_7-20_n78
	CA_7-20 
	n78
	No

	DC_7_n78
	CA_7
	n78
	

	DC_7-46_n78
	CA_7-46
	n78
	

	DC_19-21_n77
	CA_19-21
	n77
	

	DC_19-21_n78
	CA_19-21
	n78
	

	DC_19-21-n79
	CA_19-21 
	n79
	No

	DC_19-42_n77
	CA_19-42
	n77
	No

	DC_19-42_n78
	CA_19-42
	n78
	No

	DC_19-42_n79
	CA_19-42
	n79
	No

	DC_21-42_n77
	CA_21-42
	n77
	No

	DC_21-42_n78
	CA_21-42
	n78
	No

	DC_21-42_n79
	CA_21-42
	n79
	No

	DC_42_n77
	CA_42
	n77
	

	DC_42_n78
	CA_42
	n78
	

	DC_42_n79
	CA_42
	n79
	


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 [5]. In [6] RAN4#86 agreed UE capability signaling for “Switching time between LTE UL and NR UL for EN-DC with LTE-NR coexistence in UL sharing from UE perspective” for switching between LTE UL and NR UL on the shared UL carrier. Since in FDM based ULSUP no TDM base switching is done between LTE and NR UL transmissions on the shared carrier, this UE switching time capability is not relevant for FDM based ULSUP (only for TDM based ULSUP)

Proposal 3: No UE switching time is allowed for FDM based ULSUP as UE is required to support simultaneous LTE and NR UL transmissions on the shared UL carrier.
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 as for the normal EN-DC cases. 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 confirmed in RAN4 that 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 e.g. in UE Tx power, UL power control or timing advance procedures and requirements compared to the normal EN-DC related UE requirements.  
Proposal 4: Confirm that it can be assumed here that no other deployment constraints defined due to ULSUP apart from ensuring that LTE and NR UL transmissions do not overlap in frequency.
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Figure 1: Example of LTE and NR UL transmission on the shared UL carrier
Since no dynamic TDM based switching is needed in this FDM based ULSUP EN-DC options, semi-static frequency domain resource block coordination of LTE and NR transmissions is sufficient for the shared UL carrier. It is easier to enable multivendor network implementations as dynamic scheduler coordination and synchronization is not needed. 

Observation 1: FDM based ULSUP is better suited for multivendor network implementations than TDM based ULSUP. 
3
Conclusions 

In this contribution we have discussed UE requirements and specification updates needed for supporting of UL sharing from the UE perspective with FDM approach i.e. FDM based ULSUP with SUL bands. Based on the discussion we make the following proposals and observations: 

Proposal 1: UE requirements for FDM based ULSUP are developing assuming simultaneous LTE and NR UL transmissions on the shared UL carrier used in EN-DC.
Proposal 2: Indicate in the EN-DC band combinations if ULSUP is defined for SUL based EN-DC band combinations e.g. by DC_3_SUL_n78-n80 indicating no ULSUP and DC_3_SUL ULSUP n78-n80 indicating ULSUP is defined for the given band combination.

Proposal 3: No UE switching time is allowed for FDM based ULSUP as UE is required to support simultaneous LTE and NR UL transmissions on the shared UL carrier.
Proposal 4: Confirm that it can be assumed here that no other deployment constraints defined due to ULSUP apart from ensuring that LTE and NR UL transmissions do not overlap in frequency.
Observation 1: FDM based ULSUP is better suited for multivendor network implementations than TDM based ULSUP. 
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