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Introduction
In the last plenary meeting, a new WI was established for RF requirements enhancement for NR frequency range 1 (FR1) in [1]. Among the objectives, the 1st one is to specify UL MIMO PC3 UE support for SUL band n80. The content of the objective is copied as in the below box:
	· Enable UL MIMO configuration for SUL band configurations
· Specify UL MIMO requirements for example SUL configurations with SUL band n80
· Take SUL_n41A-n80A for the example SUL band configuration
· Remove the RAN2 and RAN4 restriction on configuring UL MIMO for SUL band configurations


In this paper, we discuss the corresponding task in RAN4 according to the above guidance from the WID. The paper also propose to send an LS to RAN2 to trigger discussion upon removing the RAN2 restrictions on configuring UL MIMO for SUL configurations.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Removing RAN4 restriction on configuring UL MIMO for SUL
According to the newly established WI NR_RF_FR1_enh, RAN4 tasks to specify UL MIMO support for SUL band and its configurations/combinations to enable UE UL switching between SUL band with 2Tx and NUL band 2Tx carriers. One important prerequisite for such operation is to remove the restriction in RAN4 spec that refrain the network from scheduling more than 1 layer for PUSCH on SUL bands.
In TS 38.101-1, notes that imply certain restrictions mentioned in both tables below will be removed in Rel-17.
	Table 5.2C-1: Operating band combination for SUL in FR1
	NR Band combination for SUL
	NR Band
(Table 5.2-1)

	SUL_n41-n80
	n41, n80

	SUL_n41-n81
	n41, n81

	SUL_n41-n95
	n41, n95

	SUL_n77-n802
	n77, n80

	SUL_n77-n842
	n77, n84

	SUL_n78-n802
	n78, n80

	SUL_n78-n812
	n78, n81

	SUL_n78-n822
	n78, n82

	SUL_n78-n832
	n78, n83

	SUL_n78-n842
	n78, n84

	SUL_n78-n862
	n78, n86

	SUL_n79-n802
	n79, n80

	SUL_n79-n812
	n79, n81

	SUL_n79-n84
	n79, n84

	SUL_n79-n95
	n79, n95

	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 is 0 us.
NOTE 2:	For UE supporting SUL band combination simultaneous Rx/Tx capability is mandatory.
NOTE 3:	For UE supporting SUL band combination, UL MIMO is not configured on SUL carrierVoid


Table 5.2C-2: Operating SUL band combination with downlink CA in FR1
	NR Band combination for SUL
	NR Band
(Table 5.2-1)

	CA_n78(*)_SUL_n78-n862
	n78, n86

	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 is 0 us.
NOTE 2:	For UE supporting SUL band combination simultaneous Rx/Tx capability is mandatory.
NOTE 3:	For UE supporting SUL band combination, UL MIMO is not configured on SUL carrier.Void
NOTE 4:	The notation CA_nX(*) in this table indicates intra-band non-contiguous CA for band nX. The configurations for each band are in table 5.5C-2.






Proposal 1: Void note 3 in both table 5.2C-1 and 5.2C-2 in TS 38.101-1 to enable UL MIMO configuration on SUL carriers.
Removing RAN2 restriction on configuring UL MIMO for SUL
Also in RAN2 specs, there are currently restrictions refraining UL MIMO configurations on SUL carriers.
In TS 38.331 descriptions for uplink configuration IE maxMIMO-Layers and maxMIMO-LayersForDCI-Format0-2 need to be modified accordingly.
	maxMIMO-Layers
Indicates the maximum MIMO layer to be used for PUSCH in all BWPs of the normal UL of this serving cell (see TS 38.212 [17], clause 5.4.2.1). If present, the network sets maxRank to the same value. For SUL, the maximum number of MIMO layers is always 1, and network does not configure this field. The field maxMIMO-Layers refers to DCI format 0_1.

	maxMIMO-LayersForDCI-Format0-2
Indicates the maximum MIMO layer to be used for PUSCH for DCI format 0_2 in all BWPs of the normal UL of this serving cell (see TS 38.212 [17], clause 5.4.2.1). If present, the network sets maxRankForDCI-Format0-2 to the same value. For SUL, the maximum number of MIMO layers is always 1, and network does not configure this field.



And in TS 38.306 descriptions to the definitions for uplink feature set per CC parameters need to be corrected altogether.
	maxNumberMIMO-LayersCB-PUSCH
Defines supported maximum number of MIMO layers at the UE for PUSCH transmission with codebook precoding. UE indicating support of this feature shall also indicate support of PUSCH codebook coherency subset. This feature is not supported for SUL.
	FSPC
	No
	N/A
	N/A

	maxNumberMIMO-LayersNonCB-PUSCH
Defines supported maximum number of MIMO layers at the UE for PUSCH transmission using non-codebook precoding. This feature is not supported for SUL.
UE supporting non-codebook based PUSCH transmission shall indicate support of maxNumberMIMO-LayersNonCB-PUSCH, maxNumberSRS-ResourcePerSet and maxNumberSimultaneousSRS-ResourceTx together.
	FSPC
	No
	N/A
	N/A

	maxNumberSimultaneousSRS-ResourceTx
Defines the maximum number of simultaneous transmitted SRS resources at one symbol for non-codebook based transmission to the UE. This feature is not supported for SUL.
	FSPC
	No
	N/A
	N/A

	maxNumberSRS-ResourcePerSet
Defines the maximum number of SRS resources per SRS resource set configured for codebook or non-codebook based transmission to the UE. This feature is not supported for SUL.
	FSPC
	No
	N/A
	N/A



Thus an LS has to be sent to RAN2 tasking corresponding removal of the restrictions against configuring UL MIMO on SUL carriers and UE indicating correct UL MIMO capabilities for SUL bands.
Proposal 2: Send an LS to RAN2 tasking corresponding removal of the restrictions against configuring UL MIMO on SUL carriers and UE indicating correct UL MIMO capabilities for SUL bands.
Below is an example of the LS draft to RAN2.
	Title:	LS on removing restrictions against UL MIMO operations on SUL carriers
[bookmark: OLE_LINK57][bookmark: OLE_LINK58]Response to:	
[bookmark: OLE_LINK59][bookmark: OLE_LINK60][bookmark: OLE_LINK61]Release:	Rel-17
Work Item:	NR_RF_FR1_enh

Source:	RAN4
To:	RAN2
[bookmark: OLE_LINK45][bookmark: OLE_LINK46]Cc:	
1	Overall description
In RAN2 specs, there are currently restrictions refraining UL MIMO configurations on SUL carriers which need to be removed to enable SUL UL MIMO configurations.
· In TS 38.331 descriptions for uplink configuration IE maxMIMO-Layers and maxMIMO-LayersForDCI-Format0-2 need to be modified accordingly
· In TS 38.306 descriptions to the definitions for uplink feature set per CC parameters need to be corrected altogether: maxNumberMIMO-LayersCB-PUSCH, maxNumberMIMO-LayersNonCB-PUSCH, maxNumberSimultaneousSRS-ResourceTx and maxNumberSRS-ResourcePerSet
2	Actions
To RAN2 
ACTION: 	RAN4 asks RAN2 to kindly take the above information into consideration.
3	Dates of next TSG-RAN WG4 meetings




Adding n80 to the band list supporting UL MIMO
In the meanwhile, we also need to add n80 in the UL MIMO band list in TS 38.101-1.
	Table 5.2D-1: NR operating bands for UL MIMO in FR1
	NR operating band

	n1

	n2

	n3

	n7

	n25

	n301

	n34

	n38

	n39

	n40

	n41

	n46

	n48

	n66

	n70

	n712

	n77

	n78

	n79

	n80

	n96

	NOTE 1:	Uplink transmission is not allowed at this band for UE with external vehicle-mounted antennas.
NOTE 2:	UL MIMO is targeted for FWA form factor.







Proposal 3:  Add n80 into table 5.2D-1 UL MIMO band list in TS 38.101-1.
Basket WID for bands supporting UL MIMO
As per RAN4 working procedure, it is orthodox that we should introduce a basket WI for the potential band supporting UL MIMO in order to set a place holder handling the requests from operators in Rel-17. Thus in [2] we propose a basket WID. Note that this WI not only provide services to SUL bands but also TDD and FDD bands according to potential requests from operators.
It is also possible that we directly introduce the bands with UL MIMO in either the FR1 enhancement WI or in TEI17 however we don’t see this approach as the best one.
Proposal 4: Establish a new basket WI for introduction of bands supporting UL MIMO according to operators’ requests in Rel-17.
Conclusions
In this paper, we discuss the corresponding task in RAN4 according to the above guidance from the WID. The paper also propose to send an LS to RAN2 to trigger discussion upon removing the RAN2 restrictions on configuring UL MIMO for SUL configurations.
Together we propose:
Proposal 1: Void note 3 in both table 5.2C-1 and 5.2C-2 in TS 38.101-1 to enable UL MIMO configuration on SUL carriers.
Proposal 2: Send an LS to RAN2 tasking corresponding removal of the restrictions against configuring UL MIMO on SUL carriers and UE indicating correct UL MIMO capabilities for SUL bands.
Proposal 3:  Add n80 into table 5.2D-1 UL MIMO band list in TS 38.101-1.
Proposal 4: Establish a new basket WI for introduction of bands supporting UL MIMO according to operators’ requests in Rel-17.
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