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Introduction
In RAN4#92b meeting, we discussed in [1] the fact that MSD and MPR requirements are missing for FDM mode of ULSUP which was already observed in [2]. In this contribution, we formally propose MSD and MPR for one ULSUP-FDM combination and encourage companies to look at other similar combinations. 
Discussion
Release 15 ULSUP-FDM Specification Status
Within current Release 15 38.010-3 specification there are a few ULSUP lowest order combinations that are based on FDM UL operation:
· DC_1A_n84A_ULSUP-FDM_n77/78A 
· DC_3A_n80A_ULSUP-FDM_n78/79A
· DC_8A_n81A_ULSUP-FDM_n78/79A
· DC_20A_n82A_ULSUP-FDM_n78A 
· DC_28A_n83A_ULSUP-FDM_n78A
· DC_66A_n86A_ULSUP-FDM_n78A
But there is no requirement for 2UL allocations for the corresponding SUL FDM configurations: DC_1A_n84A, DC_3A_n80A, DC_8A_n81A, DC_20A_n82A, DC_28A_n83A, DC_28A_n83A, DC_66A_n86A.
If it is understood that TDM mode does not have simultaneous 2 UL in the same channel in FDM mode, both LTE and NR allocation are present and thus issue related to higher PAPR or related to IMD products creating emission issues or MSD to the LTE receive band should be addressed. Also, how power sharing is performed is unclear.
In current Release 15 specification, there are SUL band definitions that have channel bandwidths that are higher than for the corresponding LTE band at shown in Table 2. It is unclear how the simultaneous operation of LTE and NR SUL UL in the same band uses the same channel or not and thus the frequency separation between the UL allocations.
Table 1: NR SUL band and corresponding LTE channel bandwidths
	SUL band 
	CH BW
[MHz]
	Corresponding LTE band
	CH BW [MHz]
	NR BW > LTE BW 

	n80
	30
	3
	20
	Yes

	n81
	20
	8
	10
	Yes

	n82
	20
	20
	20
	No

	n83
	20
	28
	20
	No

	n84
	20
	1
	20
	No

	n86
	40
	66
	20
	Yes



Observation 1: Many ULSUP-FDM combinations are found in Release 15 specification, but there is no clarity or requirements as to simultaneous LTE and NR SUL operation in the same band:
· 2UL configurations in the same band are not spelled out
· Power sharing mechanisms are not clarified
· MPR for simultaneous 2 UL to control IMD or higher PAR to meet emission is not specified
· Potential LTE MSD due to IMD product is not specified
· Operation of NR SUL band and LTE band in different channel bandwidths is not explained
Example of Missing Requirements
With the lack of clarity on the simultaneous LTE and NR UL operation in the same channel in SUL FDM operation we can by default assume that it is comparable to an intra-band contiguous EN-DC case using a single PA:
· Power sharing follows EN-DC rules and LTE power gets priority, NR SUL gets the remaining
· Allocations are non-contiguous but in this case within the same channel which for emissions is equivalent since contiguous EN-DC uses aggregated bandwidth for emissions requirements
· For REFSENS equal PSD can be assumed due to collocation (but not for emissions)

To pick two very similar ULSUP-FDM and intra-band contiguous ENDC cases, we compare UL configurations for DC_8A_n81A _ULSUP-FDM and DC_(n)71:
· Both are low FDD bands with 20MHz LTE channel bandwidths, NR SUL channel bandwidth is 30MHz for n81 though potentially resulting in more serious MSD or band protection issues
· Duplex distance and duplex gap are similar, only Rx/Tx bands are reversed in frequency
· Both have similar UL allocation size for LTE REFSENS

Thus it can be concluded that DC_8A_n81A _ULSUP-FDM MSD and MPR requirement should be similar and thus the following requirements should be valid:

Observation 2 on DC_8A_n81A _ULSUP-FDM:
· MPR, similar to DC_(n)71 A-MPR, following MPR back-off applies: 
-	 for OFDM:
MA,DC =	11.00 - 11.67*A;		0.00 < A ≤ 0.30
8.10 - 2.00*A;					0.30 < A ≤ 0.80
6.50;								0.80 < A ≤ 1.00
-	 for DFT-S-OFDM:
MA,DC =	11.00 - 13.33*A;  	0.00 < A ≤ 0.30
8.00 - 3.33*A;   					0.30 < A ≤ 0.60
6.00;								0.60 < A ≤ 1.00
· Similar to DC_(n)71 IMD5 MSD for LTE band should be specified (worst case here with largest UL allocation separation): 

	EN-DC configuration
	LTE / NR UL band
	2UL IMD
	Channel bandwidth
(MHz)
	UL IMD
	LTE DL band
	MSD
(dB)

	DC_8A_n81A _ULSUP-FDM
	8
	5
	20
	10 (RBstart = 0)
	8
	29.4

	
	n81
	
	20
	10 (RBend = 99)
	
	



· As illustrated is this case, there can be significant performance impact to LTE and NR SUL due to 2 UL simultaneous operation in most ULSUP-FDM combinations
· [bookmark: _GoBack]Note that if LTE and NR SUL allocations are contiguous and same power, NR SUL uses DFT-S_OFDM (same PAPR that LTE) or if they are chosen such that their IMD3 products fall inside the channel (inner like) it might be feasible to ignore emissions or MSD issues.
Support of ULSUP-FDM Mode in Release 15
Based on the analysis above, we can’t be certain that ULSUP-FDM combinations are completely specified in Release 15. Either the respective LTE and NR SUL UL allocation must be restricted to cases where no LTE MSD or emissions issues are generated.

Proposal: In order to ensure that ULSUP-FDM combinations are properly supported by Release 15 38.101 specifications RAN4 should introduce one of below solutions:
· Restrictions in LTE and NR UL allocations such that not MSD or emission issues are generated
· Specify MSD and MPR for such combinations
Conclusions
In this contribution, we further discuss the issues related to simultaneous 2 UL operation in the same band in ULSUP-FDM combinations. After showing that Release 15 30.101 specifications do not support these combinations comprehensively, we make the following proposal.

Proposal: In order to ensure that ULSUP-FDM combinations are properly supported by Release 15 38.101 specifications RAN4 should introduce one of below solutions:
· Restrictions in LTE and NR UL allocations such that not MSD or emission issues are generated
· Specify appropriate LTE MSD and MPR for such combinations
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