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1	Introduction
[bookmark: _Ref178064866]In the LS [1], RAN4 asked RAN2 to consider modifications to existing UE capabilities 
· simultaneousRxTxInterBandCA and simultaneousRxTxInterBandCAPerBandPair, and
· simultaneousRxTxInterBandENDC and simultaneousRxTxInterBandENDCPerBandPair 
RAN4 asks RAN2 if those modifications “…could simplify and reduce capability transfer for band combinations and if these changes are feasible and backwards compatible”.
In this document, we provide some further aspects, and provide a draft CR to TS 38.306.
2	Discussion
In the LS [1], RAN4 asked RAN2 to consider modifications to existing UE capabilities 
· simultaneousRxTxInterBandCA and simultaneousRxTxInterBandCAPerBandPair, and
· simultaneousRxTxInterBandENDC and simultaneousRxTxInterBandENDCPerBandPair 
RAN4 asks RAN2 if those modifications “…could simplify and reduce capability transfer for band combinations and if these changes are feasible and backwards compatible”.
The capability indication simultaneousRxTxInterBandCA (and simultaneousRxTxInterBandENDC) is a per band combination indication which indicates that the UE support simultaneous RX and TX for any combination of bands for that band combination. The simultaneousRxTxInterBandCAPerBandPair (and simultaneousRxTxInterBandENDCPerBandPair) capability on the other hand is a bitmap where each bit corresponds to a band pair. The latter capability indication(s) are clearly much more flexible but also more complex to use.
The background for this is (as explained in the LS) that many inter-band band combinations in the field contain band pairs of overlapping TDD bands, both for NR CA/DC and EN-DC. CA_n48-n77 and DC_42-n77 are two examples. No UEs can support simultaneous Rx/Tx in those problematic band pairs, and synchronization and coordinated U/D patterns are required for operation with such band combination. 
RAN4 identified that the current wording in TS38.306 prevents UEs from indicating support of simultaneousRxTxInterBandCA for a parent band combination where the bands overlap (e.g. CA_n25-n48-n77) in UE capability signalling, and UE has to include the simultaneousRxTxInterBandCAPerBandPair. A network implementation has to parse the simultaneousRxTxInterBandCAPerBandPair when included by UE, also when included by the UE to only to indicate that it cannot support simultaneous Rx-Tx for overlapping TDD bands.
	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

	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



In their LS, RAN4 proposed the following modifications:· [bookmark: _Hlk127428664]simultaneousRxTxInterBandCA is indicated also if the UE supports simultaneous RxTx across all band entires of the BC except intra-band TDD and inter-band TDD-TDD band pairs of overlapping or partially overlapping TDD bands
· 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.


With the RAN4 proposal, it is clear that UEs will generally be able to set the simultaneousRxTxInterBandCA and avoid including the simultaneousRxTxInterBandCAPerBandPair. This simplifies both UE and network implementations, and reduces the processing capacity in gNB for capability validation, and reduces the UE capability signalling size.
Generally, modifications of existing UE capability definitions are avoided, since there is a risk for inter-operability problems between UEs and networks that have implemented different interpretations of the UE capability. But in this case, no inter-operability issues are expected since:
· No UEs support simultaneous Rx-Tx for overlapping TDD bands
· Existing networks configure synchronized and coordinated U/D patterns for overlapping TDD bands.
It can be noted that the proposed rewording proposal covers the case if there would ever be a UE implementation that support simultaneous Rx/Tx in overlapping TDD bands (because for this case, UE includes the simultaneousRxTxInterBandCAPerBandPair).
Given the discussions in RAN4 and above, we ask RAN2 to discuss and agree the draft Rel-16 to TS 38.306 provided in Annex.
Proposal 1 	RAN2 to discuss and agree the draft CR in Appendix.
If agreed, Ericsson will submit Rel-15/16/17 CRs to TS 38.306.

3. Conclusion
In this document, we provided some further aspects on RAN4 LS in [1], and provided a draft CR to TS 38.306.
Proposal 1 	RAN2 to discuss and agree the draft CR in Annex.
If agreed, Ericsson will submit Rel-15/16/17 CRs to TS 38.306.
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	Reason for change:
	In LS in R4-2220520 (R2-2300048), RAN4 asked RAN2 to consider to modify the descriptions of the following UE capabilities, such that they are aligned with the capabilities of real UE implementations:
· simultaneousRxTxInterBandCA and simultaneousRxTxInterBandCAPerBandPair, and
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Note: 
In the reminder of this CR cover page:
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· simultaneousRxTxInterBandENDC and simultaneousRxTxInterBandENDCPerBandPair 
- The term “overlapping TDD-TDD band pair” is used to cover “overlapping or partly overlapping inter-band TDD-TDD and intra-band TDD band pairs”.  

Many inter-band band combinations in the field contain band pairs of overlapping TDD bands, both for NR CA/DC and EN-DC. No UEs can support simultaneous Rx/Tx in those problematic band pairs, and synchronization and coordinated U/D patterns are required for operation with such band combination. 
1. The current wording in TS38.306 prevents UEs from indicating support of simultaneousRxTxInterBandCA for a (parent) band combination in UE capability signalling, and UE has to include the simultaneousRxTxInterBandCAPerBandPair. A network implementation has to parse the simultaneousRxTxInterBandCAPerBandPair when included by UE, also when included by the UE to only to indicate that it cannot support simultaneous Rx-Tx for overlapping TDD bands.
2. it is unclear whether the UE considers the setting of all the bits in the simultaneousRxTxInterBandCAPerBandPair/ENDCPerBandPair bit map, not only the bits that correspond to TDD-TDD and TDD-FDD interband band pairs (e.g. TDD intra-band is missing).
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	1. Modified simultaneousRxTxInterBandCA/ENDC to allow UEs to indicate support of this capability also when even if the UE does not support simultaneous transmission and reception across inter-band TDD-TDD band pairs of overlapping or partially overlapping bands and intra-band TDD band pairs.

2. Clarified that UE considers the setting of all the bits in the simultaneousRxTxInterBandCAPerBandPair/ENDCPerBandPair bit map, not only the bits that correspond to TDD-TDD and TDD-FDD interband band pairs (e.g. TDD intra-band is missing).

3. Added/modified the conditions when simultaneousRxTxInterBandCAPerBandPair/ENDCPerBandPair is absent (a consequence of the first change above).

Impact Analysis
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Impacted functionality:

Inter-operability:
1.	 If the network is implemented according to the CR and the UE is not: 

1. For UE that does not set the simultaneousRxTxInterBandCA bit but includes the simultaneousRxTxInterBandCAPerBandPair with bits set for the band pairs supported by the UE, Nw will check the simultaneousRxTxInterBandCAPerBandPair. This will not lead to any inter-op issues.
2. The case that UE sets the simultaneousRxTxInterBandCA for a band combination that contains overlapping TDD-TDD band pairs is considered irrelevant, since no UE is expected to support simultaneous Rx/Tx for all band pairs in such band combination. Hence there is no inter-op issues.

2.	 If the UE is implemented according to the CR and the network is not:

1. For UE that sets the simultaneousRxTxInterBandCA (and does not support simultaneous Rx/Tx for impossible band pairs), there are no inter-op issues, since existing network implementations avoid to use of simultaneous Rx/Tx in overlapping TDD-TDD band pairs.
2. For UE that does not set the bit, but includes the simultaneousRxTxInterBandCAPerBandPair, Nw will use simultaneous Rx/Tx in band pairs according to the simultaneousRxTxInterBandCAPerBandPair. This will not lead to any inter-op issues.
3. The case that UE sets the simultaneousRxTxInterBandCA and includes the simultaneousRxTxInterBandCAPerBandPair for a band combination that contains overlapping TDD-TDD band pairs is considered irrelevant, since no existing UE is expected to support simultaneous Rx/Tx for all band pairs in such band combination. Further, existing network implementations avoid to use of simultaneous Rx/Tx in overlapping TDD-TDD band pairs.
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For the simultaneousRxTxInterBandCAPerBandPair, the specification remains unclear whether UE reflects its simultaneous Rx/Tx capability for each band pair in the band combination, or only those band pairs that map to TDD-TDD and TDD-FDD inter-band band pairs.
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4.2.7.4	CA-ParametersNR
<cut>
	simultaneousRxTxInterBandCA
Indicates whether the UE supports simultaneous transmission and reception across all in TDD-TDD and TDD-FDD band pairs in the inter-band NR CA band combinations. 
If this field is included in ca-ParametersNR-ForDC, it indicates that the UE supports simultaneous transmission and reception between any TDD-TDD and TDD-FDD UL/DL band pair within a cell group and across MCG and SCG in the TDD-TDD and TDD-FDD inter-band NR-DC band combination. 
The field is included in caParametersNR and ca-ParametersNR-ForDC even if the UE does not support simultaneous transmission and reception across inter-band TDD-TDD band pairs of overlapping or partially overlapping bands and intra-band TDD band pairs.
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

	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 
· if simultaneousRxTxInterBandCA is included), unless the band combination contains TDD-TDD inter-band band pair(s) of overlapping or partially overlapping bands or TDD intra-band band pair(s) for which the UE supports simultaneous transmission and reception, or 
· if UE supports simultaneous transmission and reception for all band pairs in FDD-FDD band combination, or 
· if UE does not support simultaneous transmission and reception 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





[bookmark: _Toc37238658][bookmark: _Toc37238772][bookmark: _Toc46488668][bookmark: _Toc52574089][bookmark: _Toc52574175][bookmark: _Toc124537391]4.2.7.9	MRDC-Parameters
<cut>
	simultaneousRxTxInterBandENDC
Indicates whether the UE supports simultaneous transmission and reception across all in TDD-TDD and TDD-FDD band pairs in the inter-band (NG)EN-DC/NE-DC band combination. The field is included even if the UE does not support simultaneous transmission and reception across intra-band TDD band pairs and inter-band TDD-TDD (NG)EN-DC/NE-DC band pairs of overlapping or partially overlapping bands.
It is mandatory for certain TDD-FDD and TDD-TDD band combinations defined in TS 38.101-3 [4].

This capability applies to:
-	TDD-TDD and TDD-FDD Intra-band (NG)EN-DC/NE-DC combination supporting both UL and DL intra-band (NG)EN-DC/NE-DC parts with additional inter-band NR/LTE CA component;
-	TDD-TDD and TDD-FDD Intra-band (NG)EN-DC/NE-DC combination without supporting UL in both the bands of the intra-band (NG)EN-DC/NE-DC UL part;
-	TDD-TDD and TDD-FDD Inter-band (NG)EN-DC/NE-DC combination without Intra-band component.

This capability is not applicable to the inter-band (NG)EN-DC/NE-DC combination, where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3 [4]).
	BC
	CY
	N/A
	N/A

	simultaneousRxTxInterBandENDCPerBandPair
Indicates whether the UE supports simultaneous transmission and receptionin TDD-TDD and TDD-FDD inter-band (NG)EN-DC/NE-DC for each band pair in the band combination.
Encoded in the same manner as simultaneousRxTxInterBandCAPerBandPair.
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
· if simultaneousRxTxInterBandENDC is included), unless the band combination contains TDD intra-band or TDD-TDD inter-band (NG)EN-DC/NE-DC band pair(s) of overlapping or partially overlapping bands for which the UE supports simultaneous transmission and reception, or 
· if UE supports simultaneous transmission and reception for all band pairs in FDD-FDD band combination, or  
· if UE does not support simultaneous transmission and reception for any band pair in the band combination. 
It is mandatory for certain band pairs as specified in TS 38.101-3 [4]. The UE shall consistently set the bits which correspond to the same band pair.
Each bit of the capability only applies to TDD-TDD and TDD-FDD Inter-band (NG)EN-DC/NE-DC band pairs, except for the band pairs where the frequency range of the E-UTRA band is a subset of the frequency range of the NR band (as specified in Table 5.5B.4.1-1 of TS 38.101-3 [4]).
	BC
	CY
	N/A
	N/A
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