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1	Introduction
In order to allow UE to DC location(s) for intra-band UL CA with 2 CCs and more for FR1 and FR2, and intra-band DL CA for FR2, UplinkTxDirectCurrentMoreCarrierList was introduced in Rel-17 under NR_RF_FR2_req_enh2 (see RP-221784]. Though an issue about signalling overhead was raised in RAN4 in R4-2210782, it was not fully addressed due to a lack of time to prioritize completing singling scheme over optimization in Rel-17 time-frame. We would also note that the signalling overhead issue was raised even in Rel-16 UL DC location discussion (see e.g. RP-202018, RP-201746, R4-2014714), where only 2 CCs intra band CA was in the discussion scope. 
As discussed in RAN2#121 (see below), the topic was seen too late for Rel-17, but there was some interest for it as (e.g.) a TEI18 topic, so this contribution discusses further details of the proposal.
	DC location
R2-2300554	Correction to DC location signalling	Nokia, Nokia Shanghai Bell	discussion	Rel-17	NR_RF_FR2_req_enh2-Core
DISCUSSION
-	QC think indeed we dont have the outside carrier indication. Think that overhead is not criticat for rel-17 but would be ok for Rel-18. HW think this is a corner case and not needed. Samsung agrees somewhat w HW but think this could be discussed for Rel-18. MTK simila view. 
	
Not agreeable for Rel-17, some interest for Rel-18




2	Discussion
In Rel-15 signalling, the codepoint “3300” was reserved for UE to indicate that the DC location was outside the operating carrier:
	txDirectCurrentLocation
The uplink Tx Direct Current location for the carrier. Only values in the value range of this field between 0 and 3299, which indicate the subcarrier index within the carrier corresponding to the numerology of the corresponding uplink BWP and value 3300, which indicates "Outside the carrier" and value 3301, which indicates "Undetermined position within the carrier" are used in this version of the specification.



This indication was tailored mostly for the single carrier case, to indicate to network that there is no need to consider the DC carrier when doing UL signal demodulation. For carrier aggregation cases, the situation is different as the DC carrier could still fall on top of another UL carrier that the network is using (e.g. for other UEs – see Figure 1 below), or it could fall outside the operator’s frequency allocation altogether (see Figure 2 below). 
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Figure 1. Relationship between UL DC location and UEs under the same gNB for contiguous CA
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Figure 2. UL DC location of a UE under operator A falls into operator B spectrum
 
In such cases, the network would prefer to only receive DC carrier information related to those cases where the DC location is of interest.
Observation 1: There are cases when the network cannot utilize the DC location information and signalling it just increases overhead.
From UE side, the additional information could be indicated similarly as with Rel-15 DC location signalling, i.e., using a codepoint similar to the 3300 ("outside the carrier"), or by introducing new signalling to indicate the UL DC is outside the area where network is interested. However, the Rel-17 signalling was tailored for intra-band (contiguous) case and does not allow such information to be indicated.
Observation 2: The current Rel-17 signalling for “ReportUplinkTxDirectCurrentMoreCarrier” does not support “out of carrier” indication.
What matters for the network is whether the carrier causes interference to a frequency used by the network (even if it is for another UE). Since the Rel-17 reporting is meant for intra-band cases, it seems possible to just use “carrier numbering” for the UE reporting. Suppose the situation is as shown in Figure 3 below: From network viewpoint, there is a contiguous deployment of 6 CCs for all UEs. Some UEs are (for e.g. load balancing or UE capability reasons) using different UL carriers: UE1 is using UL in CC1 and CC6, UE2 is using UL in CC2 and CC6 and UE3 is using UL in CC2, CC3, CC4 and CC5. 
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Figure 3. Intra-band contiguous deployment with different UL carriers per UE
In this case, the network is still interested if UE1 DC location falls on top of UE2 or UE3 UL locations.
Observation 3: UL DC location for UE1 may be outside the used UL carriers of UE1 but still affect UL reception of UE2.
Therefore, we propose that UE can exclude DC location when it is outside the area network is interested in (e.g., outside a configured frequency range or outside frequency range of current serving cells). That is, the network may indicate to UE to only provide DC locations if they are 1) inside a specific frequency range or 2) outside a specific frequency range. 
Proposal 1: Introduce an extension to Rel-17 DC location signalling request that allows network to indicate which DC locations it is (not) interested in.
3	Conclusion
This document has made the following observations:
Observation 1: There are cases when the network cannot utilize the DC location information and signalling it just increases overhead.
Observation 2: The current Rel-17 signalling for “ReportUplinkTxDirectCurrentMoreCarrier” does not support “out of carrier” indication.
Observation 3: UL DC location for UE1 may be outside the used UL carriers of UE1 but still affect UL reception of UE2.
And proposed the following:
Proposal 1: Introduce an extension to Rel-17 DC location signalling request that allows network to indicate which DC locations it is (not) interested in.
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