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Introduction
RAN1 has agreed to the signalling of DC carrier location for both UL and DL for each of the configured BWPs for each of the configured serving cells. This paper discusses the requirements and RAN2 impact on implementing the signalling.
Discussion

RAN1 requirement for DC carrier signalling 
Pasted below is the explicit RAN1 requirement for the signalling of DC carrier in both UL and DL [1].
	Agreements:
· For UL, a 13-bit indicator is used to indicate the Tx DC location corresponding to a UL BWP within a carrier
· This information is provided for each UL BWP configuration
· It’s also RAN1’s understanding that this information can be provided in RRCReconfigurationComplete from a UE to the network when a UL BWP is configured
· 1 bit is used to indicate whether there is 7.5 KHz shift
· “0” means no 7.5 KHz shift
· “1” means 7.5 KHz shift
· 12 bits are used to indicate the Tx DC location with the following table
	Subcarrier index (12 bits) within the carrier corresponding to the numerology of the UL BWP
	Tx DC location

	0
	0 

	⁞
	⁞

	3299
	3299

	3300
	Outside the carrier

	3301
	Undetermined position within the carrier

	3302
	Reserved 

	3303
	Reserved

	⁞
	Reserved

	4095
	Reserved


· For DL, 12-bit indicator is used to indicate the Tx DC location corresponding to a numerology within a carrier 
· This information is provided for each numerology potentially used for the carrier
· It’s RAN1’s understanding that this information can be optionally provided in SCS-SpecificCarrier from the network to a UE
· It’s RAN1’s understanding that the UE can assume that Tx DC location is outside the carrier if this information is not provided – up to RAN4 to handle performance related issues
· 12 bits are used to indicate the Tx DC location with the following table
	Subcarrier index (12 bits) within the carrier corresponding to a numerology 
	Tx DC location

	0
	0 

	⁞
	⁞

	3299
	3299

	3300
	Outside the carrier

	3301
	Reserved

	3302
	Reserved

	3303
	Reserved

	⁞
	Reserved

	4095
	Reserved








Based on the content above, it can be inferred that the details of the DC carrier has to be provided for each of the configured BWPs in the configured serving cells. For the DL, the NW is required to provide this information for the possible SCS configurations as well.

DC carrier signalling for DL
The signalling in DL should be straightforward, where the NW can provide the DC carrier location details for the DL that is provided to the UE. We can follow the delta signalling logic, where if the newly created optional IE is absent, then the UE can continue with the DL DC location that was signalled earlier.
Also following the RAN1 suggestion, the DL DC location signalling is provided be per SCS configuration. Although it is not mentioned in the LS, our understanding is that this DC carrier information is cell specific. Therefore, it should be signalled via SIB or serving cell common information. Therefore, we can agree with RAN1’s understanding that SCS_SpecificCarrier IE is the right place to add DC carrier information. 

Observation 1: SCS-SpecificCarrier IE can be used for provide the DL SCS specific DC location. 
Proposal 1: Use the IE SCS-SpecificCarrier to configure the DL DC carrier location information.

DC carrier signalling for UL
The signalling of UL DC carrier location is not relatively straightforward. 
RAN1 agree that UL DC carrier information should be provided for each UL BWP configuration. We understand that the motivation is that the DC location used by the UE for the UL transmission usually depends on the actual BW for the transmission in a particular band.
However, RAN1 agreement is not clear what if the UE is configured in UL CA especially intra-band uplink CA. In this case, the actual BW from the UE transmitter side is different depending on which carrier and which BWP is activated. 
If DC carrier location varies depending on the activated UL CA, the UE need to report UL DC carrier information not only per BWP but also per combination of BWP and the potential CA configuration. However, this combination may increase signalling overhead dramatically and RRC signalling may not be desirable. 
 
Due to the reasons above, we would like to send an LS to RAN1 on how RAN1 views RAN2 send the UL DC carrier information with respect to CA configuration. 
Proposal 2: Send an LS to RAN1 to get more information on UL DC carrier information in conjunction with CA configuration..
Conclusion 

Observation 1: SCS-SpecificCarrier IE can be used for provide the DL SCS specific DC location. 

Proposal 1: Use the IE SCS-SpecificCarrier to configure the DL DC carrier location information.
Proposal 2: Send an LS to RAN1 to get more information on UL DC carrier information in conjunction with CA configuration. 
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Text proposals 

A draft text-proposal of the changes for 38.331 is listed below:

38.331 changes for the DC carrier signalling for DL

[bookmark: _Toc510018685]–	SCS-SpecificCarrier
The IE SCS-SpecificCarrier provides parameters determining the location and width of the actual carrier. It is defined specifically for a numerology (subcarrier spacing (SCS)) and in relation (frequency offset) to Point A. This IE also provides optionally the DL DC carrier location information to be used for this SCS configuration that is being used by a BWP.
-- ASN1START
-- TAG-SCS-SPECIFIC-CARRIER-START

SCS-SpecificCarrier ::=				SEQUENCE {
	offsetToCarrier						INTEGER (0..2199),
	subcarrierSpacing					SubcarrierSpacing,
	carrierBandwidth					INTEGER (1..maxNrofPhysicalResourceBlocks),
	...,
	[[
[bookmark: _GoBack]		dlDC-Location						INTEGER (0..4095)	OPTIONAL
	]]
}

-- TAG-SCS-SPECIFIC-CARRIER-STOP 
-- ASN1STOP

	SCS-SpecificCarrier field descriptions

	carrierBandwidth
Width of this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier) Corresponds to L1 parameter 'BW' (see 38.211, section FFS_Section)

	

	offsetToCarrier
Offset in frequency domain between Point A (lowest subcarrier of common RB 0) and the lowest usable subcarrier on this carrier in number of PRBs (using the subcarrierSpacing defined for this carrier). The maximum value corresponds to 275*8-1. Corresponds to L1 parameter 'offset-pointA-low-scs' (see 38.211, section FFS_Section)

	subcarrierSpacing
Subcarrier spacing of this carrier. It is used to convert the offsetToCarrier into an actual frequency. Only the values 15 or 30 kHz  (<6GHz), 60 or 120 kHz (>6GHz) are applicable. The network configures all SCSs of configured BWPs configured in this serving cell. Corresponds to L1 parameter 'ref-scs' (see 38.211, section FFS_Section)

	dlDC-Location
The DC location used by the NW in the DL transmission based on the numerology denoted by subcarrierSpacing. Corresponds to L1 parameter 'FFS' (see 38.211, section FFS_Section)



	Conditional Presence
	Explanation

	OnePerServCell
	This field must be present for exactly one SCS-SpecificCarrier of a serving cell. 




