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1 Background
In this contribution we consider the FG 2-20 “co-location” and the remaining FG for NR-U including the 10-19a/b/c/d/e/f capabilities. 
2 The co-location FG

RAN4#96-e was not able to agree on inclusion of the FG 2-20. “support co-located scenario only for inter-band EN-DC”. The details are this proposed FG are summarized in Table 2.1.

Table 2.1: the FG 2-20 “colocation”
	Index
	Feature group
	Components
	Consequence if the feature is not supported by the UE
	Type

(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)

	[2-20]
	[support co-located scenario only for inter-band EN-DC]
	[Indicates the inter-band EN-DC combination supported by the UE can only work at co-located scenario, and in this scenario the PSD difference between DL carriers and MRTD can be guaranteed.  

candidate values set: {type1, type2}

type 1 UE: performance guaranteed with PSD difference between DL carriers < 6dB, and MRTD=3us (current only DC_20_n28 has this limitation)

type 2 UE: performance guaranteed without limitation on PSD difference between DL carriers and MRTD=0.5slot]


	[If UE does not reports this capability, the performance cannot be guaranteed under inter-band non-collocated scenario.]
	Per band combination


This FG indication UE support of ‘co-location only’ should not be used to change the baseline for inter-band EN-DC deployment: non-collocated deployment.
Notwithstanding, a 6 dB PSD requirement cannot be guaranteed by the network but could be used as a condition for a minimum performance requirement, the UE still being functional for larger PSD difference. 

If there are implementation-related timing constraints for very specific band combinations, e.g. overlapping bands  implemented with common basebands, capabilities similar to the ul-TimingAlignmentEUTRA-NR that applies for intra-band EN-DC could possibly be considered. In fact, for DC_20-n28 the conditions for “type 1” in the proposed FG 2-20 are already accommodated by the specification, see the excerpt below from 38.101.3 v16.5.0,
	EN-DC

configuration
	Uplink EN-DC

configuration

(NOTE 1)
	Single UL allowed

	
	
	

	DC_20A_n28A8,10,11,13
	DC_20A_n28A
	No

	
	
	

	NOTE 1:
Uplink EN-DC configurations are the configurations supported by the present release of specifications.

NOTE 2:
[…]
NOTE 8:
The frequency range in band n28 is restricted for this band combination to 703 - 733 MHz for the UL and 758-788 MHz for the DL.

NOTE 9:
[…]
NOTE 10:
The maximum power spectral density imbalance between downlink carriers is within 6 dB. The power spectral density imbalance condition also applies for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.

NOTE 11:
The minimum requirements for inter-band EN-DC apply when the maximum power spectral density imbalance between downlink carriers is within 6 dB. The power spectral density imbalance condition also applies for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.

NOTE 12:
[…]
NOTE 13:
The minimum requirements apply for synchronized DL carriers with a maximum receive time difference ≤ 3 usec. The requirements also apply for these carriers when applicable EN-DC configuration is a subset of a higher order EN-DC configuration.


Proposal 1: FG 2-20 “[support co-located scenario only for inter-band EN-DC]” is not specified.
3 Remaining FGs for NR-U

Regarding possible RF-related capabilites for the DL, RAN4 in its reponse to RAN1 [1] clarified that there are no RF in-channel selectivity requirements nor RRM requirements for filter adaptation for Case 2a/2b/3/4, but that performance performance degradation is expected if the subband is occupied by interference from devices other than the UE’s serving gNB. Hence in-channel downlink interference in case of Mode 2 or Mode 3 transmissons does not require definition of capabilities for compliance with any RAN4 RF or RRM requirements.
The remaining questions for the downlink are the capability of DL wideband carrier operation Mode 2 and Mode 3. It is essential that the gNB is made aware of which RB sets and guard bands that can be scheduled for each UE through capability signaling. 

RAN4 has not agreed ion the difference, if any, in the UE capability between any of DL Cases 2a/2b/3 and DL Case 4 (Mode 1). It is noted that the FG [10-19b] or [10-19c] are listed as prerequisite FG, see Table 3.1 that lists selected FG relevant for NR-U.
Table 3.1: selected FG for NR-U relevant for RAN4

	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous subbands in DL wideband carrier operation mode 2 or mode 3 wider than 20MHz

	[10-19b] or [10-19c]
	UE cannot receive in the guardband, it could only receive in the subbands

	
	
	
	
	

	[10-19b]
	DL wideband carrier operation mode 2
	Support of DL wideband carrier operation mode 2: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are contiguous
	
	

	[10-19c]
	DL wideband carrier operation mode 3
	Support of DL wideband carrier operation mode 3: single wideband carrier when LBT is successful in a subset of the LBT sub-bands which are non-contiguous
	
	

	
	
	
	
	

	[10-19d]
	UL wideband carrier operation mode 1
	Support of UL wideband carrier operation mode 1: UE transmits only if LBT passes for all LBT sub-bands of BWP
	
	

	[10-19e]
	UL wideband carrier operation mode 2A
	Support of UL wideband carrier operation mode 2A: UE transmits if LBT passes for single scheduled LBT sub-band
	
	

	[10-19f]
	UL wideband carrier operation mode 2B
	Support of UL wideband carrier operation mode 2B: UE transmits if LBT passes for scheduled multiple contiguous LBT sub-bands
	
	


Given that [10-19b] and [10-19b] are listed as prerequisite capabilities for FG 4.1, capability of scheduling for DL Mode 2 and Mode 3 must also be known to the gNB scheduler for a UE that does not indicate support of FG 4.1. 
Our understanding is that RAN1 left the capabilities 10-19a/b/c/d/e/f as example capabilities for RAN4 to use. Therefore the FG 10-19b and 10-19c can be used for the purpose of indicating capability of operation in Mode 2 and Mode 3, i.e. DL Case 2, and we propose 
Proposal 2: for NR-U, RAN4 uses the FG 10-19b and 10-19c (possibly combined) for indicating capability of DL wideband carrier Mode 2 and Mode 3 in addition to the FG 4-1 for reception in intra-cell guard bands.
Proposed changes are shown in Table 3.2.
Table 3.2: proposed changes for FG 4.1 and 10-19b/c.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Consequence if the feature is not supported by the UE

	4-1
	Reception in intra-carrier guardband
	Capability of reception in the intra-cell guardband between contiguous RB-sets of a wideband carrier (>20 MHz) in DL wideband carrier operation mode 2 or mode 3.


	[10-19b] or [10-19c]
	UE cannot receive in the guardband, it could only receive in the subbands

	10-19b
	DL wideband carrier operation mode 2
	Support of DL wideband carrier operation mode 2: reception on a wideband carrier (>20 MHz) when LBT at ehegNB is successful in a subset of the LBT bandwidths which are all contiguous
	
	

	10-19c
	DL wideband carrier operation mode 3
	Support of DL wideband carrier operation mode 3: reception on a wideband carrier (>20 MHz) when LBT at the gNB is successful in a subset of the LBT bandwidths which are non-contiguous
	
	


Our understanding is that FG 10-19a related to DL wideband carrier operation Mode 1 is not needed, since for this mode, a UE is expected to receive on all RBs of the carrier if LBT is successful at the gNB for all LBT bandwidths of the carrier. Otherwise, the UE is not expected to receive at all. If a UE is capable of supporting a wideband carrier (> 20 MHz), then it should automatically be capble of this mode.
Regarding possible RF-related capabilites for the UL, RAN4 in its reponse to RAN1 clarified that is no need for changing of transmit filtering required to meet RAN4 requirements for any of UL Cases 1-3. One aspect relevant for RAN4 earlier part of the RAN1 feature list was the capability of making simultaneous LBT measurements in LBT bandwidths. The 37.213 refers to CCA measurements in channel bandwidths of 20 MHz (defines LBT bandwidth). If a UE is not capable of simultaneous LBT operation in multiple LBT bandwidths of an UL wideband carrier (>20 MHz), this introduces scheduling restrictions at the gNB. The gNB must be made aware of such restrictions based on UE capability signaling.

Proposal 3: for NR-U, RAN4 uses the available FG 10-19d/e/f to indicate capability of CCA measurements in LBT-bandwidths for UL wideband carrier operation Mode 1, Mode 2A and Mode 2B. 

These capabilities govern the number of RB set(s) that can be scheduled to a UE. Proposed changes are shown in Table 3.3.

Table 3.3: proposed changes for FG 10-19d/e/f.

	10-19d
	UL wideband carrier operation mode 1
	Support of UL wideband carrier operation mode 1: UE transmits only if LBT passes for all LBT bandwidths  of BWP
	
	

	10-19e
	UL wideband carrier operation mode 2A
	Support of UL wideband carrier operation mode 2A: UE transmits if LBT passes for single scheduled LBT bandwidth of BWP
	
	

	10-19f
	UL wideband carrier operation mode 2B
	Support of UL wideband carrier operation mode 2B: UE transmits if LBT passes for scheduled multiple contiguous LBT bandwidths of BWP
	
	


4
Proposal

We propose

Proposal 1: FG 2-20 “[support co-located scenario only for inter-band EN-DC]” is not specified.
Proposal 2: for NR-U, RAN4 uses the FG 10-19b and 10-19c (possibly combined) for indicating capability of DL wideband carrier Mode 2 and Mode 3 in addition to the FG 4-1 for reception in intra-cell guard bands.

Proposal 3: for NR-U, RAN4 uses the available FG 10-19d/e/f to indicate capability of CCA measurements in LBT-bandwidths for UL wideband carrier operation Mode 1, Mode 2A and Mode 2B. 
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