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1	Introduction
RAN4 has sent the LS R2-2300048 (R4-2220520), asking for the interpretation of the UE capability simultaneousRxTxInterBandCA. The RAN4 LS states the following as the background:
	Support of simultaneous Rx-Tx can now be indicated for each band pair of an advertised inter-band CA and EN-DC combination. Many inter-band band combinations in the field contain band pairs of overlapping TDD bands for both CA and EN-DC, CA_n48-n77 and DC_42-n77 are two examples. Operation within these band pairs usually require synchronization and coordinated U/D patterns. This implies that the simultaneousRxTxInterBandCA cannot be indicated for the advertised top-level band combination, e.g. CA_n25-n48-n77, parsing of the simultaneousRxTxInterBandCA is required even though UEs generally do not support simultaneous Rx-Tx for overlapping TDD bands.
Simultaneous Rx-Tx for intra-band CA or interband-CA between overlapping or partially overlapping TDD band is generally not supported. RAN4 has discussed whether capability transfer would be simplified and reduced were this the “default” by allowing indication of simultaneousRxTxInterBandCA for a band combination in case simultaneous Rx-Tx is supported for all other band pairs (also with any one of the said TDD bands).


This requires a reply from RAN2 and analysis of backward-compatibility of the RAN4 proposals.
In this contribution we discuss the RAN2 implications of the RAN4 LS and some additional aspects related to the capability simultaneousRxTxInterBandCA.
2	Inter-band CA with simultaneous Rx-Tx for FDD-TDD and TDD-TDD
2.1	RAN4 LS reply
The RAN4 LS states the following as questions to RAN2:
	The RAN4 LS asks the following:Considering the fact that simultaneous Rx-Tx for overlapping TDD bands or TDD intra-band CA is not supported by UEs in general, RAN4 has discussed the following changes for CA,
· simultaneousRxTxInterBandCA is indicated also if the UE supports simultaneous RxTx across all band entires[footnoteRef:2] of the BC except intra-band TDD and inter-band TDD-TDD band pairs of overlapping or partially overlapping TDD bands [2:  This seems to be typo in the RAN4 LS and should be read as “entries”] 

· simultaneousRxTxInterBandCAPerBandPair is not indicated 
· if the UE does not support simultaneous Rx-Tx for any band pair of the combination (no change)
· if the UE indicates simultaneousRxTxInterBandCA unless the BC contains a TDD intra-band CA or an TDD-TDD inter-band CA overlapping or partially overlapping band pair for which the UE supports simultaneous Rx-Tx.

and similarly for EN-DC,
· simultaneousRxTxInterBandENDC is included also if the UE supports simultaneous RxTx across all band entires[footnoteRef:3] of the BC except intra-band TDD and inter-band TDD-TDD band pairs of overlapping or partially overlapping TDD bands within or across cell groups [3:  ibid.] 

· simultaneousRxTxInterBandENDCPerBandPair is not indicated 
· if the UE does not support simultaneous Rx-Rx for any band pair of the combination (no change)
· if the UE indicates simultaneousRxTxInterBandENDC unless the BC contains a TDD intra-band CA or an TDD-TDD inter-band CA overlapping or partially overlapping band pair for which the UE supports simultaneous RxTx within or across cell groups

RAN4 would like to ask RAN2 if the above changes could simplify and reduce capability transfer for band combinations and if these changes are feasible and backwards compatible.



From RAN2 perspective, changing the capability definition now is NBC change: Since UEs may be implemented using any specification version, changing the definition of the capability could cause problems if UEs implemented according to the new version of the specifications got into network implemented according to the current version, and vice versa. Therefore, it is simply easiest to consider a new capability instead for the cases with overlapping TDD bands, as those can then have no ambiguity in capability interpretation.
Observation 1: From RAN2 perspective, it’s usually not desirable the change the definition of a capability (to avoid potential NBC changes) if the same can be accomplished by creating a new capability.
Based on this, we would propose to reply to RAN4 that from RAN2 perspective, a new per-BC capability is needed to accomplish what RAN4 is asking.
Proposal 1: Reply to RAN4 that from RAN2 perspective, a new per-BC capability is needed to accomplish what RAN4 is asking.
2.2	Interpretation of simultaneousRxTxInterBandCA
The capability simultaneousRxTxInterBandCA was introduced for both FDD-TDD and TDD-TDD CA cases, where UE may or may not support simultaneous DL reception from carrier 1 and UL transmission for carrier 2. That is, if UE supports the capability, it is still able to receive DL on carrier 1 with TDD even if UE is using UL on carrier 2 with FDD/TDD for any band pairs in the band combination. This has been defined in CA-ParametersNR as shown by below excerpts from 38.331 and 38.306:
	CA-ParametersNR ::=                 SEQUENCE {
    simultaneousRxTxInterBandCA                   ENUMERATED {supported}      OPTIONAL,
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	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





Table 1. Definition of simultaneousRxTxInterBandCA in RRC and 38.306
As can be seen, the capability is defined for FDD-TDD and TDD-TDD band combinations, but not for FDD-FDD band combinations (presumably because FDD-FDD was never envisioned to have issues with simultaneous UL+DL due to the nature of FDD). We would also note that in case UE only supports the simultaneous Rx-Tx in some band pairs of the band combination, another capability has been included to allow indicating support of that, as shown below:
	CA-ParametersNR-v15g0 ::=           SEQUENCE {
    simultaneousRxTxInterBandCAPerBandPair        SimultaneousRxTxPerBandPair       OPTIONAL,

4.2.7.4	CA-ParametersNR
	simultaneousRxTxInterBandCAPerBandPair
Indicates whether the UE supports simultaneous transmission and reception in TDD-TDD and TDD-FDD inter-band NR CA for each band pair in the band combination.
Encoded as a bitmap with size L * (L – 1) / 2, and bit N (leftmost bit is indexed as bit 0) is set to "1" if the UE supports simultaneous transmission and reception for band pair (x, y), where L is the number of band entries in the band combination, x and y are the indices of the band entry in the band combination (the first band entry is indexed as 0), x < y, and N = x*(2*L – x – 1)/2 + y – x – 1.
If this field is included in ca-ParametersNR-ForDC, each bit of this field indicates whether the UE supports simultaneous transmission and reception between each band pair, within a cell group and across MCG and SCG in TDD-TDD and TDD-FDD inter-band NR-DC.
The UE does not include this field if the UE supports simultaneous transmission and reception for all applicable band pairs in the band combination (in which case simultaneousRxTxInterBandCA is included) or does not support for any band pair in the band combination. It is mandatory for certain band pairs as specified in TS 38.101-1 [2], TS 38.101-2 [3] and TS 38.101-3 [4]. The UE shall consistently set the bits which correspond to the same band pair.
	BC
	CY
	N/A
	N/A





Table 2. Definition of simultaneousRxTxInterBandCAPerBandPair in RRC and 38.306
Observation 2: UE capabilities for simultaneous Rx-TX have been introduced for inter-band FDD-TDD and TDD-TDD CA cases.
However, most of this discussion has been done with DL CA in mind (and in particular 2DL+1UL CA, i.e. 2 DL carriers and a single UL carrier), and it is not as clear how the capability works with UL CA. Since UL CA configuration requires that at least as many DL carriers are configured, there may be issues if the configured UL and DL carriers cannot be used together. That is, it is possible that UE does NOT support simultaneousRxTxInterBandCA for an TDD-TDD or FDD-TDD band combination, but can it then still indicate support for e.g. 2DL + 2UL CA for such a band combination? It is not clear if there are cases where UE could indicate such cases, and whether RAN2 specifications make it clear how networks should interpret the UE capability signalling in those cases.
Observation 3: It is not clear if network can configure UE with UL CA on TDD-TDD or FDD-TDD band combination where UE does not support simultaneousRxTxInterBandCA.
To consider this further, let’s consider UE indicates that it 1) supports inter-band FDD-TDD 2DL+2UL CA but 2) does not support simultaneousRxTxinterBandCA for the band combination. Based on this, the network should somehow try to ensure that the assumption is not broken via scheduling, e.g. as shown for TDD-TDD and FDD-TDD below in Figure 1 and Figure 2.
[image: ]
Figure 1. Inter-band TDD-TDD CA on n41 and n77
[image: ]
Figure 2. Inter-band FDD-TDD CA on n3 and n77
Since UE doesn’t support simultaneousRxTxInterBandCA, network has to avoid using 1) two UL carriers simultaneously or 2) UL and DL simultaneously. As the figures show, this results in lower scheduling efficiency. 
Observation 3: UE performance in band combinations where UE does not support of simultaneousRxTxInterBandCA have lower operational efficiency and complicated network scheduling.
We would also note that the above still doesn’t even guarantee that UE doesn’t do DL reception on FDD carrier while UL is being transmitted: the UE SSB measurements are still required on both FDD and TDD DL carriers. That could mean that UE might be measuring SSB on the FDD carrier while there is UL transmission in TDD DL carrier. This is because network doesn’t know when exactly UE measures, and only knows how the SMTC windows are placed. Since SMTC also always encompass full subframes, it may not be always possible for network to ensure DL SSB reception on FDD carrier doesn’t collide with UL transmission on TDD carrier.
Observation 4: At least for inter-band FDD-TDD CA, network may not be always able to guarantee UE is not receiving DL on FDD carrier while UL is being transmitted on TDD carrier, so network should only configure UL CA on FDD-TDD inter-band CA if UE supports simultaneousRxTxInterBandCA. Therefore, it would be good to clarify if this is seen as a viable UE capability that will really occur in practice.
Proposal 2: RAN2 to confirm whether it is possible (from specification viewpoint) for UE to support UL CA for FDD-TDD carrier if UE doesn’t support simultaneousRxTxInterBandCA.

3	Conclusion
This documents has made the following observations:
Observation 1: From RAN2 perspective, it’s usually not desirable the change the definition of a capability (to avoid potential NBC changes) if the same can be accomplished by creating a new capability.
Observation 2: UE capabilities for simultaneous Rx-TX have been introduced for inter-band FDD-TDD and TDD-TDD CA cases.
Observation 3: It is not clear if network can configure UE with UL CA on TDD-TDD or FDD-TDD band combination where UE does not support simultaneousRxTxInterBandCA.
Observation 3: UE performance in band combinations where UE does not support of simultaneousRxTxInterBandCA have lower operational efficiency and complicated network scheduling.
Observation 4: At least for inter-band FDD-TDD CA, network may not be always able to guarantee UE is not receiving DL on FDD carrier while UL is being transmitted on TDD carrier, so network should only configure UL CA on FDD-TDD inter-band CA if UE supports simultaneousRxTxInterBandCA. Therefore, it would be good to clarify if this is seen as a viable UE capability that will really occur in practice.
And proposed the following:
Proposal 1: Reply to RAN4 that from RAN2 perspective, a new per-BC capability is needed to accomplish what RAN4 is asking.
Proposal 2: RAN2 to confirm whether it is possible (from specification viewpoint) for UE to support UL CA for FDD-TDD carrier if UE doesn’t support simultaneousRxTxInterBandCA.
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