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1	Introduction
RAN4 has been investigating the use of 700-900 MHz frequency bands, with the intent to allow more refined resource usage among partially overlapping bands. The LS R2-2304642 has now been received by RAN2, requesting some feedback on UL CA aspects of the work.
2	Non-simultaneous UL and DL from different two bands during UL CA
2.1	CA between FDD bands n5 and n8
The scenario RAN4 is requesting feedback on is as follows:
	(UL, DL) = (n5, n5+n8)@t1, (n5+n8, n8)@t2 as shown in below Figure 1 (from Figure 5.1.1-1 in TR 38.872)


[bookmark: _Hlk134722957]Figure 1: Possible CA_n5-n8 UE architecture and operation diagram for semi-full-duplex CA



As can be seen, the FDD band n5 DL and FDD band n8 UL are partially overlapping in frequency, which means that for UE using 2DL+2UL CA over bands n5+n8, it is not possible to use n5 DL and n8 UL simultaneously due to the interference impacts. 
Observation 1: The band n5 DL and band n8 UL are partially overlapping in frequency, making it difficult to use CA between them.
The current assumption for CA (since LTE Rel-10) has been that UE always has at least as many DL carriers as it has UL carriers in CA. That is, it is not possible to have 2UL+1DL CA. The closest equivalent to this is the SUL case, but even there the UE always either uses UL or SUL, never both at the same time. Additionally, UL carriers always require at least a pathloss reference RS for UL PC, which has to be linked to a DL carrier (the default being the CD-SSB for the cell, but which can be reconfigured to CSI-RS via dedicate signalling).
Observation 2: RAN2 specifications assume (active) UL CA carriers are always linked to (active) DL CA carriers.
Because of this, RAN4 is asking the following questions from RAN2:
	RAN4 has concluded that the latter state of (UL, DL) = (n5+n8, n8) would potentially require some RAN2 specifications changes since the number of CCs in uplink is larger than that in downlink. Hence, RAN4 would like to ask RAN2 followings (see the details on TR 38.872). Based on RAN2 feedback, RAN4 will make a decision on whether to specify relevant requirements on this solution or not. 
· Whether or not it is feasible for dual UL CA of CA_n5-n8 to take a state of (UL, DL) = (n5+n8, n8) with the existing RAN2 specifications.
· Additionally, RAN4 would like to ask whether RAN2 can enable this kind of configurations with necessary possible changes in RAN2 specs within the Rel-18 timeframe, if requested later by RAN4 at Q3 at the earliest.


2.2	UL CA without DL CA in current specifications 
The RAN2 specifications have several restrictions for CA usage. What RAN4 is essentially asking is whether a UL-only serving cell could be possible from RAN2 perspective, either in current specifications or with some specification changes. This obviously divides into two cases: PCell and SCell, which we analyse these in detail below.
PCell configuration without UL/DL
· Both UL and DL are always required for PCells: A cell not signalling UL configuration would cause a UE to not camp on the cell since it cannot use the cell for initial access. A HO is still possible to such a cell, but it may fail as UE would notice upon SI reading that the UL component was missing and might therefore behave strangely:
2>	if the UE supports an uplink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in uplinkConfigCommon for the SCS of the initial uplink BWP or, for RedCap UE, of the initial uplink BWP for RedCap if configured), and which
-	is wider than or equal to the bandwidth of the initial uplink BWP or, for RedCap UE, of the initial uplink BWP for RedCap if configured, and
2>	if the UE supports a downlink channel bandwidth with a maximum transmission bandwidth configuration (see TS 38.101-1 [15] and TS 38.101-2 [39]) which
-	is smaller than or equal to the carrierBandwidth (indicated in downlinkConfigCommon for the SCS of the initial downlink BWP or, for RedCap UE, of the initial downlink BWP for RedCap if configured), and which
-	is wider than or equal to the bandwidth of the initial downlink BWP or, for RedCap UE, of the initial downlink BWP for RedCap if configured, and
ServingCellConfigCommonSIB ::=      SEQUENCE {
    downlinkConfigCommon                DownlinkConfigCommonSIB,
    uplinkConfigCommon                  UplinkConfigCommonSIB                                       OPTIONAL, -- Need R

ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M

· CORESET#0 and SSB must be inside initial BWP in FR1 since only CORESET multiplexing pattern1 is allowed.
Based on these, we conclude that at least using a PCell without UL is not feasible with current specifications.
Observation 3: A PCell always requires both UL and DL: A PCell without UL is currently not possible in NR.

SCell configuration without UL/DL
· DL configuration is always required for SCell at addition, while UL is optional (and changing a DL-only SCell to SCell with UL and DL Scell requires release and add of the SCell) as shown below. Note that DL configuration is still optional for delta signalling reasons, and since the field is optional the conditions could be changed, but at the moment this is not possible since the “otherwise” condition indicates the field is absent at other times.
ServingCellConfigCommon ::=         SEQUENCE {
    physCellId                          PhysCellId                                                          OPTIONAL,   -- Cond HOAndServCellAdd,
    downlinkConfigCommon                DownlinkConfigCommon                                                OPTIONAL,   -- Cond HOAndServCellAdd
    uplinkConfigCommon                  UplinkConfigCommon                                                  OPTIONAL,   -- Need M

	ServingCellConfigCommon field descriptions

	downlinkConfigCommon
The common downlink configuration of the serving cell, including the frequency information configuration and the initial downlink BWP common configuration. The parameters provided herein should match the parameters configured by MIB and SIB1 (if provided) of the serving cell, with the exception of controlResourceSetZero and searchSpaceZero which can be configured in ServingCellConfigCommon even if MIB indicates that they are absent.



	Conditional Presence
	Explanation

	HOAndServCellAdd
	This field is mandatory present upon SpCell change and upon serving cell (PSCell/SCell) addition. Otherwise, the field is absent.



· SSB is not always needed for SCells since Scells can refer to another cell's SSB, especially if UE supports bwp-WithoutRestriction.
Observation 4: Current specifications do not allow using SCell without DL but do allow using SCell without UL. 
Simultaneous RX-Tx for inter-band TDD-FDD and TDD-TDD CA 
There are also similar limitations for the TDD-TDD and TDD-FDD CA cases in current RAN2 specifications – notably, the capability simultaneousRxTxInterBandCA is described as follows:
	[bookmark: _Hlk134718546]simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA. If this field is included in ca-ParametersNR-ForDC, it indicates the UE supports simultaneous transmission and reception between any UL/DL band pair within a cell group and across MCG and SCG in TDD-TDD and TDD-FDD inter-band NR-DC. It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4].
	BC
	CY
	N/A
	N/A



That is, there is a UE capability for UE supporting simultaneous Rx-Tx between any UL/DL band pair within or between cell group. Thus, by default, UEs do NOT support simultaneous UL transmission and DL reception on such band combinations (unless the capability is mandatory for a particular band combination). This could be seen as a candidate way to support UL CA without DL CA, but the capability is NOT applicable for FDD-FDD band combinations and changing its definition might not be comprehended by legacy nodes. Additionally, if simultaneous Rx-TX is not supported, UE still has 2DL and 2UL, but the time domain split only exists for the TDD band: for FDD, both UL and DL are always available. Therefore, our conclusion is that this capability does not currently support FDD-FDD operation for e.g. the CA_n5-n8 case.
Observation 5: The simultaneousRxTxInterBandCA cannot be used for FDD-FDD band combinations.
UE-configured Inter-cell TDM pattern 
For EN-DC with single Tx, a TDM pattern approach was also specified for LTE RRC. However, that was never specified for NR as the TDM pattern was only visible to the MeNB under EN-DC, and nothing ended up being specified in NR RRC. Additionally, the TDM pattern was defined to allow single UL usage due to significant IMD issues in specific frequency combinations but was never meant to govern UL and DL carrier coexistence. Hence, such scheme is not possible under current specifications for NR CA cases (since even the configuration doesn’t exist in NR RRC).
Observation 6: The UL TDM pattern defined for EN-DC cannot be used for n5 and n8 coexistence.
UL/DL Scheduling restrictions 
Another option for the network would be to configure UE to use 2DL + 2UL CA over n5+n8, such that 1) n8 is the PCell and 2) n5 is SCell with UL, but network never schedules DL there. However, for RRM measurements, UE still has to receive SSB from the SCell (since it is an inter-band case), which means it will periodically receive DL at occasions when network is not always aware. Also scheduling the n5 UL would require cross-carrier scheduling, which creates additional scheduling load for the PCell.
Observation 7: Scheduling restrictions alone seem not sufficient for n5+n8 coexistence.
Conclusions on existing specification support 
Based the above analysis, we conclude that the current specifications do not exactly support n5+n8 CA without any modifications. It doesn’t seem impossible to support such cases (we discuss that in the next section), but it cannot be said that the support is there currently.
Proposal 1: Reply RAN4 that current RAN2 specifications do not allow 2UL+1DL CA configuration.
2.3	Supporting UL CA without DL CA 
As discussed in previous section, while current specifications do not support having 2UL+1DL CA, there are some workarounds that allow partial coexistence. The main difficulty in these causes seems to be the scheduling: The SCell UL has to be scheduled from the PCell. This is already possible via cross-carrier scheduling, with some minor changes. This, UE could be configured with UL+DL SCell, with an indication that the DL part is “never” used. That is, the UL scheduling follows the UL scheduling over PCell, UE never measures SCell SSB or sends CQI reporting (i.e. the SCell DL is “deactivated”). this is also shown in figure 2 below.
[image: ]
Figure 1. UL-only SCell using PCell PDCCH
From RAN2 perspective this seems straightforward, but there could be some RAN1 implications.
Observation 8: From RAN2 perspective, reusing existing UL+DL SCell configuration with the addition of “deactivated” DL (i.e. UE doesn’t measure SCell DL or report CQI for it, and follows UL scheduling of PCell), could be made to work for the n5+n8 CA case.
Therefore, RAN2 could reply to RAN4 that it is potentially feasible but depends on the details such as whether anything is required from the “DL” part of the SCell or not – if UE measurements can all be skipped and UL scheduling can follow PCell, it can be doable with minor modifications. If cross-carrier scheduling is used, it also seems like no RAN1 modifications would be required.
Proposal 2: Reply RAN4 that it is possible to introduce “UL-only” SCell with some limitations, but the time required depends on the precise requirements and RAN4 should provide the feedback as quickly as possible. 

3	Conclusion
This document has made the following observations:
Observation 1: The band n5 DL and band n8 UL are partially overlapping in frequency, making it difficult to use CA between them.
Observation 2: RAN2 specifications assume (active) UL CA carriers are always linked to (active) DL CA carriers.
Observation 3: A PCell always requires both UL and DL: A PCell without UL is currently not possible in NR
Observation 4: Current specifications do not allow using SCell without DL but do allow using SCell without UL. 
Observation 5: The simultaneousRxTxInterBandCA cannot be used for FDD-FDD band combinations.
Observation 6: The UL TDM pattern defined for EN-DC cannot be used for n5 and n8 coexistence.
Observation 7: Scheduling restrictions alone seem not sufficient for n5+n8 coexistence.
Observation 8: From RAN2 perspective, reusing existing UL+DL SCell configuration with the addition of “deactivated” DL (i.e. UE doesn’t measure SCell DL or report CQI for it, and follows UL scheduling of PCell), could be made to work for the n5+n8 CA case.
And proposed the following:
Proposal 1: Reply RAN4 that current RAN2 specifications do not allow 2UL+1DL CA configuration.
Proposal 2: Reply RAN4 that it is possible to introduce “UL-only” SCell with some limitations, but the time required depends on the precise requirements and RAN4 should provide the feedback as quickly as possible. 
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