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1. Introduction
Supplementary uplink can be used in many different ways including standalone and non-standalone operations and different uplink sharing assumptions as listed below; 
· SUL without any LTE carrier sharing
· SUL with LTE UL carrier sharing from the network perspective
· SUL with LTE UL carrier sharing from the UE perspective (ULSUP)
· TDM based ULSUP
· FDM based ULSUP
UE requirements for all of the cases should be explicit and clear. This is especially important as RAN4 is currently discussing if also SDL and SUL pairing cases should be specified for standalone and non-standalone NR operations.. In our analysis we have found the specifications to still lack some essential parts, which is likely to cause difficulties to use SUL as intended. The need for amending the specifications is discussed in this contribution and the process is started in a companion draft CRs for TS 38.101-3 and TS 38.101-1 in [1] and [2]. 
2. Discussion
A summary of the different ways to operate SUL were provided in [3] and the illustrations are echoed below to visualize the different cases. Figure 1 displays standalone operation, Figure 2 UL sharing from network perspective and Figure 3 UL sharing from UE perspective.
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Figure 1: Examples of SUL deployment cases and related band combinations, standalone operation
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Figure 2: Examples of UL sharing from the network perspective i.e. UL sharing transparent to UE
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Figure 3: Example of UL sharing from the UE perspective, NR UE aware of shared UL carrier

The case of UL sharing from UE perspective has two possible operating modes, TDM and FDM. The TDM-based ULSUP has been further illustrated in Figure 4.


[image: image5]
Figure 4: Example of TDM-based UL sharing from the UE perspective

As shown in Figure 4, TDM-based ULSUP has two parallel single UL TDM-operations, firstly between the NR UL and NR SUL through NR scheduling restrictions and secondly between NR SUL and LTE UL using TDM based single UL. The RAN1 specification TS38.213 specifies the use of reference TDD configuration for E-UTRA (by higher layer parameter tdm-PatternConfig-r15) for EN-DC purposes but the RAN1 specifications do not specify when TDM based single UL is allowed except for UE not supporting dynamic power sharing in EN-DC UL PC. Thus, RAN4 has specified for difficult EN-DC band combinations in TS 38.101-3 when the UE is allowed to request TDM based single UL. In similar manner it should be clearly specified in TS 38.101-3 for when TDM based single UL is allowed for UE supporting TDM-based ULSUP and operating in that mode.
Observation 1: TDM-based ULSUP inherently has two parallel single UL TDM operations
However, the UE requirement specifications for EN-DC in TS38.101-3 are not stating which TDM operation UE needs to support for the TDM-based ULSUP.  Furthermore, it is not even stated that LTE UL and NR SUL do not need to operate simultaneously. Instead for some of the SUL related EN-DC band combinations it is even explicitly stated that single UL is not allowed between LTE UL and NR UL for given EN-DC band combinations as discussed more in detail below. 
Observation 2: Currently TS 38.101-3 does not specify when the UE does not need to support simultaneou LTE UL and NR SUL in TDM-based ULSUP. For some SUL based EN-DC band combinations single UL is explicitly not allowed.
Observation 3: EN-DC specification should explicitly mention that UE does not need to support simultaneous transmission of LTE UL and NR SUL on the shared carrier when configured in TDM-based ULSUP. 

It should be noted, that despite the two parallel TDM operations, simultaneous NR UL and LTE UL transmission is mandatory to support for the UE, unless a relaxation for this is explicitly allowed. This is discussed further below.

Looking into 38.101-3 we have two cases for EN-DC band combinations with SUL: some with single UL allowed and some where single UL is not allowed. An excerpt of the band combination table is provided below.
Table 5.2B.4.2-1: Band combinations EN-DC (three bands)

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

	<Multiple rows omitted>

	DC_3_SUL_n78-n802
	3
	SUL_n78-n80
	DC_3_n78

	DC_3_SUL_n78-n822
	3
	SUL_n78-n821
	DC_3_n78

	DC_3_SUL_n79-n802
	3
	SUL_n79-n80
	No

	<Multiple rows omitted>

	NOTE 1:
If a UE is configured with both NR UL and NR SUL carriers in a cell, the switching time between NR UL carrier and NR SUL carrier can be up to 140us.
NOTE 2:
Applicable for UE supporting inter-band carrier aggregation with mandatory simultaneous Rx/Tx capability

NOTE 3:
The frequency range in band 28 is restricted for this band combination to 703-733 MHz for the UL and 758-788 MHz for the DL.


EN-DC configurations corresponding to these band combinations are also copied below.
Table 5.5B.4.2-1: Inter-band EN-DC configurations (three bands)
	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)
	E-UTRA configuration
	NR configuration

	<Multiple rows omitted>

	DC_3A_SUL_n78A-n80A
	DC_3A_n78A

DC_3A_n80A_ULSUP-TDM_n78A

DC_3A_n80A_ULSUP-FDM_n78A
	3
	SUL_n78-n80

	DC_3A_SUL_n78A-n82A
	DC_3A_n78A

DC_3A_n82A
	3
	SUL_n78A-n82A

	DC_3A_SUL_n79A-n80A
	DC_3A_n79A,

DC_3A_n80A_ULSUP-TDM_n79A,

DC_3A_n80A_ULSUP-FDM_n79A
	3
	SUL_n79A-n80A

	<Multiple rows omitted>

	NOTE 1:
Uplink CA configurations are the configurations supported by the present release of specifications.

NOTE 2:
Only single switched UL is supported in Rel.15


It can be observed from the tables that Uplink EN-DC configurations are similar independent of whether Single UL is allowed or not. Especially confusing is the case where single UL is not allowed, but TDM-based ULSUP has two inherent TDM operations, significantly limiting opportunities for simultaneous transmissions. Also, it is possible to interpret the single UL allowed to refer to one of the TDM operations in TDM-based ULSUP, which is not the intention.
Observation 4: EN-DC configurations are similar independent of whether single UL relaxation is allowed or not.

Observation 5: Number of simultaneous uplink transmissions and the band combinations where they are allowed are not clear from the tables. 

To avoid misinterpretations of the specification more explicit description of the different operating modes would be needed. As this is likely to require more restructuring of how the requirements for various different SUL based EN-DC configurations are written, this confusion is not yet sufficiently addressed in our CR proposal for TS38.101-3 We would welcome RAN4 discussion if different SUL based UE EN-DC configurations; SUL without any LTE carrier sharing for UE, TDM based ULSUP and FDM based ULSUP should be separately listed in the EN-DC band combination tables etc to allow clear differentiation of different UE requirements. Now there is risk that the network may assume UE to support simultaneous LTE and NR UL transmissions for a given SUL based EN-DC band combination but UE cannot support it.

Observation 6: RAN4 discussion needed how to better distinguish different UE requirements for different SUL EN-DC configurations; NR SUL without LTE carrier sharing for UE, TDM based ULSUP and FDM based ULSUP.
Additionally, from the small excerpt of the EN-DC configuration it can be seen that numerous editorial issues still plague the table: Some of the NR configurations still include NR band combination instead of configuration and uplink EN-DC combinations are sometimes separated from each other with a comma, sometimes they are not.
Observation 7: SUL configurations in EN-DC configurations table need editorial corrections.
UL-MIMO
RAN1 has now agreed for the RAN1 NR UE feature 2-14 ‘Codebook based PUSCH MIMO transmission’ in [4] that for SUL uplink MIMO is not supported. However, since this SUL constraint is not captured anywhere in the RAN1 specifications, it is important that it is clearly specified in the NR UE requirements specification TS38.101-1 as proposed in [2].

Observation 8: TS 38.101-1 does not currently limit the use of UL MIMO on SUL carrier.

ΔTIB,c
Allowed maximum configured output power relaxations are specified for SUL operations but it is not captured in the symbol definition for ΔTIB,c. 
ΔRIB,c
Currently reference sensitivity relaxations are allowed for SUL bands in both 38.101-1 and 38.101-3 even though UE does not need to support receive functionality in SUL bands. Therefore, these relaxations for receiver requirements for SUL bands have been removed in [1] and [2].
3. Conclusion
In this contribution different ways to operate SUL are discussed and incompleteness of the current UE requirement specifications are identified. The process towards completion of the specifications regarding the identified errors is started in companion draft CRs provided in [1] and [2].
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