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1. Introduction
Default operating mode for EN-DC is dual UL and in Release 15, Single Switched UL is only used optionally to solve IMD issues for “difficult” EN-DC combinations as defined in 38.101-3 [1] and to solve type 2 UEs issues where PCmax could be exceeded. In this paper, we discuss how SSUL could be used to enable low cost devices and roaming UEs to support some EN-DC combinations, notably intra band or within same sub-band combinations. 
2. Discussion
2.1. Reminder on Release 15 SSUL Cases
In RAN4, an FR1 EN-DC combination is allowed to operate in Single UL mode and is captured in section 5.2B of [1]:

· if the 2nd order IMD of the simultaneous UL bands fall into its own LTE primary cell Rx band,
· for “L-L” (Low-Low) and “H-H” EN-DC combinations, if the 3rd order IMD of the simultaneous UL bands fall into its own LTE primary cell Rx band.
Bands below 1GHz fall in “Low” category, while the range 1695 to 2695 MHz has been agreed to define a “High” frequency band. A UE signalling SSUL for these “SSUL allowed” cases must always be scheduled in SSUL mode: SSUL operation is static and under UE control.

Separately, for a UE not supporting dynamic power sharing, the networks has to schedule SSUL for the case where P_LTE + P_NR > PCmax, in this case the SSUL operation is dynamic and under network control.
2.2. Proposed FR1 Frequency Sub-Ranges

Frequency ranges have been introduced in NR to distinguish between the LTE legacy bands and the new mm-wave bands. Also, for SSUL allowed criteria the LB and HB frequency ranges have been defined. Also one of the key aspects   of the hardware impact of using 2UL EN-DC is linked to whether the two bands involved are in close proximity and thus belong to the same frequency sub-ranges. We believe it is useful to introduce frequency sub-ranges to categorize the combinations. The sub-ranges could be as shown in Table 1 and this can be subject of further discussion, the proposed sub-ranges correspond to how the bands support is typically split within the RF front-end. In some cases the UL DL may split across a sub-range, in that case the band is categorized by where its UL falls.
Table 1: Possible frequency sub-ranges for FR1

	Name
	Range [MHz]
	Corresponding bands

	FR1a
	450 - 467.5
	Reserved for 450MHz bands

	FR1b
	617 - 960
	LTE bands 5, 8, 12, 18, 19, 20, 26, 28, 71 and NR bands n5, n8, n28, n71, n81, n82, n83

	FR1c
	1427 – 1518
	LTE bands 11, 21, and NR bands n50, n51, n75, n76

	FR1d
	1695 - 2200
	LTE bands 1, 2, 3, 25, 39, 66 and NR bands n3, n66, n80, n86

	FR1e
	2300 - 2690
	LTE bands 7, 30, 38, 40, 41 and NR bands n7, n40, n41, n84

	FR1f
	3300 - 5000
	LTE band 42 and NR bands n77, n78, n79

	FR1g
	5150-5925
	LTE band 46

	FR1h
	5925-7125
	Reserved for future extended unlicensed band, may be added to FR1g and FR1 extended


The bands listed within each sub-range is restricted to the LTE and NR bands currently defined for an EN-DC combination but the frequency range accounts for other LTE bands falling in the range.

It is to be noted that FR1c is often implemented together with FR1d and FR1e and may be merged as proposed for SSUL allowed criteria in [3]. Also FR1e is put separately here but is merged with FR1d to define H bands in current SSUL allowed criteria. These frequency sub-ranges can be used for the SSUL allowed IMD3 frequency ranges and merged in wider frequency ranges as needed.
One way to look at these sub-ranges from an UL prospective is to look into the relative BW a power amplifier has to support, from that prospective it might be of interest to split the 3300-5000MHz range in two due to a relative bandwidth in excess of 40% as shown in Table 2 with FR1f1 and FR1f2, still the 200MHz separation means that it is difficult to separate these sub-ranges unless two separate antennas are used. To be relevant to the 2 UL discussions, Table 2 only uses the associated UL ranges, when the 3300-5000MHz is split in two the worst case is 32% for FR1b but the band is addressed as small chunks at a time and some re-tuning applies where for n77 this needs to be addressed as a whole. For this reason the respective 32% and 24% are achievable.
Table 2: Relative Bandwidth per sub-range definition
	range
	Flow [MHz]
	Fhigh [MHz]
	%BW

	FR1a
	450
	457.5
	2%

	FR1b
	663
	915
	32%

	FR1c
	1427
	1517
	6%

	FR1d
	1695
	2025
	18%

	FR1e
	2300
	2690
	16%

	FR1f
	3300
	5000
	41%

	FR1f1
	3300
	4200
	24%

	FR1f2
	4400
	5000
	13%

	FR1g
	5150
	5925
	14%

	FR1h
	5925
	7125
	18%


The above relative bandwidth calculations shows that the exact sub-range definition is open for discussion depending on which RF front-end aspects it represents (PA BW capability, antenna diplexing…) and how this can be used in the specification, which leads to the following proposal.
Proposal 1: Frequency sub-ranges are introduced in NR FR1, exact terminology and ranges are FFS, Table 1 can be used as a starting point for discussion. Whether frequency sub-ranges are of interest in FR2 is FFS.

2.3. EN-DC Combinations Requiring Specific RFFE or Antenna Configurations
When EN-DC combination operates in the same band or same frequency range the current assumption is that 2UL is the default configuration which may imply that extra hardware is required to support it. Here are a few examples:
· DC_(n)71: Although SSUL is already allowed for type 2 UEs, some type 2 UEs may still have limitations in managing A-MPR, note that the 2UL/SSUL dynamic support discussed in [2] can also provide a path forward for improved support of this combination
· DC_(n)41, DC_41_n41: SSUL is already allowed as an option but may be the only proper way to support single TX path which will be the baseline for low cost UEs and UEs supporting Band 41 primarily for other regions than the US, note that the 2UL/SSUL dynamic support discussed in [2] can also provide a path forward for improved support of this combination
· DC_3_n3: In Release 15 this combination is solely supported using SSUL, but as shown in [4] SSUL option is probably needed in Release 16 due to the significant MSD and A-MPR related to this solution or potential extra hardware needed for improved 2UL performance.
· DC_2_n66: this combination requires two MB PAs.
· DC_12_n5: this combination requires two LB PAs.
· DC_20_n8: this combination requires two LB PAs.
· DC_20_n28: this combination requires two LB PAs and specific triplexer.
· DC_42_n77: 2UL is not specified for this combination due to Band 42 inside n77, could work if SSUL is used.
· DC_42_n78: 2UL is not specified for this combination due to Band 42 inside n77, could work if SSUL is used.
· DC_42_n79: when Band 42 is supported within Band n77 there is high MSD and n79 should have a separate antenna to enable muxing (200MHz too small)
· DC_41_n77: in some cases cross band isolation may be difficult to support.
· DC_41_n78: in some cases cross band isolation may be difficult to support.
Other cases, although most implementations have separate TX paths the multiplexing towards the antenna for 2UL operation may require extra hardware to support 2UL.
· DC_1_n40, DC_1_n51, DC_3_n7, DC_3_n40, DC_3_n51, DC_7_n51, DC_25_n41, DC_30_n66
Observation 1: There are a significant number of EN-DC combinations that require extra hardware to enable support of simultaneous 2UL. It is typically the case when the two UL bands are part of the same frequency sub-range.
2.4. SSUL as a Feature
As shown in above chapter there is a number of EN-DC cases that requires extra hardware to be able to support simultaneous dual UL. This extra hardware may not be viable for low cost devices or devices roaming outside the region for which the RF front-end hardware was optimized for (for example a UE tailored for Asia would not support two band 41 TX paths and thus not operate optimally in intra-band EN-DC cases in the US). As a result some of these EN-DC combinations may not be supported at all.

It would thus be useful that these low cost or roaming UEs could still support EN-DC combinations using SSUL operation. It is to be noted that in some of these cases the dynamic 2UL/SSUL operation proposed in [2] is also a way forward. 

Since the 2UL should still be the baseline operation this SSUL operation allowance may be tied to specific lower UE UL categories or some regional support.

Proposal 2: SSUL is introduced as a Release 16 feature for low cost and roaming UEs. How to restrict SSUL to some UEs via UL category or regional support together with which EN-DC are concerned is FFS. To which combinations this would apply requires further discussion.
3. Conclusion
This contribution discusses the cost impact of low cost or roaming UEs to support 
Proposal 1: Frequency sub-ranges are introduced in NR FR1, exact terminology and ranges are FFS, Table 1 can be used as a starting point for discussion. Whether frequency sub-ranges are of interest in FR2 is FFS.
Table 3: Possible frequency sub-ranges for FR1

	Name
	Range [MHz]
	Corresponding bands

	FR1a
	450 - 467.5
	Reserved for 450MHz bands

	FR1b
	617 - 960
	LTE bands 5, 8, 12, 18, 19, 20, 26, 28, 71 and NR bands n5, n8, n28, n71, n81, n82, n83

	FR1c
	1427 – 1518
	LTE bands 11, 21, and NR bands n50, n51, n75, n76

	FR1d
	1695 - 2200
	LTE bands 1, 2, 3, 25, 39, 66 and NR bands n3, n66, n80, n86

	FR1e
	2300 - 2690
	LTE bands 7, 30, 38, 40, 41 and NR bands n7, n40, n41, n84

	FR1f
	3300 - 5000
	LTE band 42 and NR bands n77, n78, n79

	FR1g
	5150-5925
	LTE band 46

	FR1h
	5925-7125
	Reserved for future extended unlicensed band, may be added to FR1g and FR1 extended


Proposal 2: SSUL is introduced as a Release 16 feature for low cost and roaming UEs. How to restrict SSUL to some UEs via UL category or regional support together with which EN-DC are concerned is FFS. To which combinations this would apply requires further discussion.
These proposals are based on the following observation:

Observation 1: There are a significant number of EN-DC combinations that require extra hardware to enable support of simultaneous 2UL. It is typically the case when the two UL bands are part of the same frequency sub-range.
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