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1	Introduction
RAN4 has requested RAN2 to specify new Rel-18 per-band per-band combination Tx Diversity capabilities for 2Tx Diversity and 4Tx Diversity in R4-2317762 and R4-2317617, respectively. In this paper, we discuss those new capabilities and their relationship to the legacy Tx Diversity capability txDiversity-r16.
2	Discussion
2.1	Contents of LS R4-2317762
The contents of the LS description are copied below:
1. Overall Description:
TxD for 2Tx was introduced from Rel-16 as a per band UE capability. In Rel-18, a new WI on 3Tx for inter-band CA/DC was approved, in which one of the objectives is to introduce requirements for the cases of:

·   CA power class or EN-DC power class is PC2
· PC3 FDD band 1Tx + PC2 TDD band 2Tx (UL MIMO and TxD)
· PC3 FDD band 1Tx + PC3 TDD band 2Tx (UL MIMO)
· PC3 TDD band 1Tx + PC2 TDD band 2Tx (UL MIMO)
·   CA power class or EN-DC power class is PC1.5
· PC3 FDD band 1Tx + PC1.5 TDD band 2Tx (UL MIMO and TxD)

where TxD is supported for one of the bands in the CA/DC band combination. It was agreed in RAN4 that a new per band per band combination UE capability would be required to indicate support of TxD in the band configured with 2Tx. It was also agreed that the new TxD capability should be enabled from Rel-18.


2. Actions:
To RAN2:
ACTION: RAN4 respectfully asks RAN2 to introduce a per band per band combination TxD capability from Rel-18.
The request in this LS is quite clear: RAN4 has identified cases, e.g. 3Tx inter-band CA/DC, where a UE could support 2Tx Diversity (2TxD) in one band and 1Tx in the other band, and would like RAN2 to define a new per-band per-band combination (i.e. per feature set) capability, twoTxDiversity-r18, so the UE can signal that it supports 2TxD in the 2Tx band within that band combination.
Considering this capability would be defined per-FS, this would enable a UE to signal that it supports 2TxD for a particular band for a particular band combination (e.g. FDD band A 1Tx + TDD band B 2TxD), even if that same UE does not support 2TxD for the same band in a different band combination (e.g. TDD band B 1Tx + TDD band C 2Tx). This is one clear advantage of defining twoTxDiversity-r18 per feature set in contrast to the legacy capability txDiversity-r18, which is signalled per-band.
Observation 1: RAN4 asked RAN2 to define twoTxDiversity-r18 per feature set, which allows a UE to differentiate which band combinations it supports 2Tx Diversity for a particular band.
So far, our understanding is that RAN4 discussed this capability in the context of EN-DC, i.e. for NR bands in FR1. It is also noted that the Rel-16 txDiveristy-r16 capability was applicable to FR1 only. Therefore, it seems likely that twoTxDiversity-r18 would also be applicable to FR1 only.
Observation 2: The twoTxDiversity-r18 capability seems applicable to FR1 only.
Proposal 1: Introduce twoTxDiversity-r18 capability under FeatureSetUplink. The capability is applicable to FR1 only.
2.2	Contents of LS R4-2317617
The contents of the LS description are copied below:
1. Overall Description:

In RAN4#108bis, it is agreed to clarify that the legacy per-band TxDiversity capability introduced from Rel-16 is for 2Tx only, and a new per band per band combination UE capability should be introduced to support TxDiversity for 4Tx in the band configured.
In addition, it is also agreed this new capability should be enabled from Rel-18.

Please note that a separate LS is sent to RAN2 in RAN4#108bis for the introduction of per band per BC TxDiversity for the band configured with 2Tx in a band combination from Rel-18


2. Actions:

To 3GPP RAN2
ACTION: RAN4 respectfully asks RAN2 to introduce a per FS TxD capability for 4Tx from Rel-18.
Two aspects are noted from this LS. First, RAN4 clarified that the legacy per-band capability txDiversity-r16 is applicable to 2Tx only. (We discuss this further in Section 2.3.) And second, to support 4Tx Diversity, RAN4 would like RAN2 to define a new per-band per-band combination (i.e. per feature set) capability, fourTxDiversity-r18, so a UE can signal that it supports 4TxD in a 4Tx band within a band combination.
Observation 3: RAN4 asked RAN2 to define fourTxDiversity-r18 per feature set, which allows a UE to differentiate which band combinations it supports 4Tx Diversity for a particular band.
Unlike the 2TxD case, RAN4 seems to be discussing the 4TxD capability within the context of FR1 single band operation for CPE devices under the context of the NR_ENDC_RF_FR1_enh2-Core WI. Again, it seems likely that fourTxDiversity-r18 would also be applicable to FR1 only.
Observation 4: The fourTxDiversity-r18 capability seems applicable to FR1 only.
Proposal 2: Introduce fourTxDiversity-r18 capability under FeatureSetUplink. The capability is applicable to FR1 only.
2.3	Relationship of Rel-18 TxD capabilities to txDiversity-r16
Regarding the legacy Tx Diversity capability, the existing description from TS 38.306 is given below for reference.
	txDiversity-r16
Indicates whether the UE supports transparent Tx diversity requirements as specified in the suffix G clauses of TS 38.101-1 [2] (see also clauses 4.2 and 4.3 of TS38.101-1 [2]).
	Band
	No
	N/A
	FR1 only



This capability is indicated per-band, and RAN4 clarified in R4-2317617 that txDiversity-r16 is applicable to 2TxD only. So, in light of the new per-FS twoTxDiversity-r18 capability, it needs to be discussed what the relationship is between the legacy and Rel-18 2TxD capabilities.
One might assume for example that if a UE indicates txDiversity-r16 for band A, then that UE supports 2TxD for all BCs where band A is configured with 2Tx. However, it is not clear if that is really the case in practice. For example, if a UE supports 2TxD band A (by itself, i.e. not configured with inter-band CA) and 2TxD band B (by itself, i.e. not configured with inter-band CA), and the UE indicates txDiversity-r16 for each band, it may not be the case that the UE supports 3Tx (2TxD band A + 1Tx band B) or 3Tx(1Tx band A + 2TxD band B), or it may not support 4Tx (2TxD band A + 2TxD band B).
Observation 5: It is not always clear how or whether the legacy per-band capability txDiversity-r16 applies when the supported band is part of a band combination.
On the other hand, this ambiguity seems resolvable with the Rel-18 Tx Diversity capabilities if we apply the fallback principle to the capabilities. For example, if the UE signals twoTxDiversity-r18 or fourTxDiversity-r18 for a given band in a band combination, it seems logical (from a device standpoint) that the UE would support the same Tx Diversity for that band in every fallback BCs. At the same time, if a UE does not support Tx Diversity in a higher order BC (or any EN-DC/NR-CA combination for that matter), it seems plausible that a UE could still indicate twoTxDiversity-r18 or fourTxDiversity-r18 for that band in a lower order BC or even in an NR single-band band combination to indicate that Tx Diversity is supported in those cases. This is another advantage of supporting the per-FS Tx Diversity capability signalling.
Observation 6: Applying the fallback principle to the per-FS capabilities twoTxDiversity-r18 and fourTxDiversity-r18 would resolve certain ambiguities of txDiversity-r16.
Proposal 3: RAN2 should discuss whether the fallback principle is applicable to twoTxDiveristy-r18 and fourTxDiversity-r18, including whether the single-band case is considered a fallback in this scenario.
However, it’s not clear if companies would have a similar understanding on this, especially whether the per-FS indications can be indicated for the single band case (without the need to indicate the legacy per-band capability). We attempt to illustrate the relationship between the capabilities in the cases below, which correspond to different combinations how these capabilities could be signalled with one another. 
	Case
	txDiversity-r16
Indicated for Band A in BandNR
	twoTxDiversity-r18
Indicated for Band A for a BC in FeatureSetUplink
	fourTxDiversity-r18
Indicated for Band A for a BC in FeatureSetUplink
	Meaning
(assuming Proposal 3 is agreed)

	1
	Absent
	Absent
	Absent
	UE does not support TxD in band A
(Although it is understood that RAN4 still supports 2TxD for single band with PC1.5, even if txDiversity-r16 is not indicated.)

	2
	Present
	Absent
	Absent
	Ambiguous. It is understood that the UE supports 2TxD in band A for single band configuration, but it is not clear if this is true for other BCs, per Observation 5.

	3
	Absent
	Present
	Absent
	UE supports 2TxD in band A for the indicated BC and for all fallback BCs, but not necessarily for all BCs with band A.
[UE could also support 4TxD in band A for some fallback of the indicated BC (if 4TxD is signalled in the feature set for that fallback BC).]

	4
	Present
	Present
	Absent
	UE supports 2TxD in band A for the indicated BC and for all fallback BC; but, it is ambiguous how to interpret 2TxD for other BCs as noted in Case 2.
[UE could also support 4TxD in band A for some fallback of the indicated BC (if 4TxD is signalled in the feature set for that fallback BC).]

	5
	Absent
	Absent
	Present
	UE supports 4TxD in band A for the indicated BC and for all fallback BCs.
It is implied that the UE also supports 2TxD in the same BCs.

	6
	Present
	Absent
	Present
	UE supports 4TxD in band A for the indicated BC, and for all fallback BCs.
It is implied that the UE also supports 2TxD in the same BCs.
It is ambiguous how to interpret 2TxD for other BCs as noted in Case 2.

	7
	Absent
	Present
	Present
	UE supports 2TxD and 4TxD in band A for the indicated BC, and for all fallback BCs, but not necessarily for all BCs with band A.
It seems redundant to signal twoTxDiversity-r18 in this case.

	8
	Present
	Present
	Present
	UE supports 2TxD and 4TxD in band A for the indicated BC, and for all fallback BCs; but, it is ambiguous how to interpret 2TxD for other BCs as noted in Case 2.



Given the relationship defined between the capabilities in the above table we make the following further observations and proposals:
Observation 7: For a given feature set where fourTxDiversity-r18 is indicated, it seems redundant to signal twoTxDiversity-r18 for the same FS, as UE support for 2TxD may be inferred by support for 4TxD.
Proposal 4: A UE indicating fourTxDiversity-r18 for a given FS need not indicate twoTxDiversity-r18 for the same FS; and a network shall understand that a UE supports twoTxDiversity-r18 in a FS where fourTxDiversity-r18 is indicated.
Observation 8: Given its ambiguity, the usage of the legacy per-band txDiversity-r16 capability in combination with per-FS capabilities twoTxDiversity-r18 and fourTxDiversity-r18 does not seem useful (assuming the single-band BC inherits the per-FS TxD capabilities from higher-order BCs).
Therefore, RAN2 should discuss whether it makes sense to continue using the legacy capability when the Rel-18 capabilities are supported. (In practice, it may be necessary for UEs to signal the legacy capability for backwards compatibility.)
Proposal 5: RAN2 should discuss the following:
If a single-band BC is assumed to inherit the per-FS TxD capability from higher-order BCs through the fallback principle (Proposal 3):
- 	Whether a Rel-18 UE shall signal txDiversity-r16 for a band where it also supports twoTxDiversity-r18 or fourTxDiversity-r18.
-	Whether a Rel-18 network shall ignore txDiversity-r16 for a band where a UE also supports twoTxDiversity-r18 or fourTxDiversity-r18.
Else if a single-band BC does not inherit the per-FS TxD capability from higher-order BCs through the fallback principle:
-	Whether a network shall only interpret txDiversity-r16 for the single-band operation.
-	Whether a new per-band capability is needed to indicate that the UE supports 4TxD for single-band.
Based on the above discussion and the LSs from RAN4, we have drafted CRs in R2-2313202 and R2-2313203 to for TS 38.306 and TS 38.331 to support twoTxDiversity-r18 and fourTxDiversity-r18. However, depending on RAN2’s views for some of the above issues, further clarifications might be needed.
Proposal 6: RAN2 should agree to the CRs in R2-2313202 and R2-2313203, which add the capabilities twoTxDiversity-r18 and fourTxDiversity-r18.
3	Conclusion
This document has made the following observations:
Observation 1: RAN4 asked RAN2 to define twoTxDiversity-r18 per feature set, which allows a UE to differentiate which band combinations it supports 2Tx Diversity for a particular band.
Observation 2: The twoTxDiversity-r18 capability seems applicable to FR1 only.
Observation 3: RAN4 asked RAN2 to define fourTxDiversity-r18 per feature set, which allows a UE to differentiate which band combinations it supports 4Tx Diversity for a particular band.
Observation 4: The fourTxDiversity-r18 capability seems applicable to FR1 only.
Observation 5: It is not always clear how or whether the legacy per-band capability txDiversity-r16 applies when the supported band is part of a band combination.
Observation 6: Applying the fallback principle to the per-FS capabilities twoTxDiversity-r18 and fourTxDiversity-r18 would resolve certain ambiguities of txDiversity-r16.
Observation 7: For a given feature set where fourTxDiversity-r18 is indicated, it seems redundant to signal twoTxDiversity-r18 for the same FS, as UE support for 2TxD may be inferred by support for 4TxD.
Observation 8: Given its ambiguity, the usage of the legacy per-band txDiversity-r16 capability in combination with per-FS capabilities twoTxDiversity-r18 and fourTxDiversity-r18 does not seem useful (assuming the single-band BC inherits the per-FS TxD capabilities from higher-order BCs).
And proposed the following:
Proposal 1: Introduce twoTxDiversity-r18 capability under FeatureSetUplink. The capability is applicable to FR1 only.
Proposal 2: Introduce fourTxDiversity-r18 capability under FeatureSetUplink. The capability is applicable to FR1 only.
Proposal 3: RAN2 should discuss whether the fallback principle is applicable to twoTxDiveristy-r18 and fourTxDiversity-r18, including whether the single-band case is considered a fallback in this scenario.
Proposal 4: A UE indicating fourTxDiversity-r18 for a given FS need not indicate twoTxDiversity-r18 for the same FS; and a network shall understand that a UE supports twoTxDiversity-r18 in a FS where fourTxDiversity-r18 is indicated.
Proposal 5: RAN2 should discuss the following:
If a single-band BC is assumed to inherit the per-FS TxD capability from higher-order BCs through the fallback principle (Proposal 3):
- 	Whether a Rel-18 UE shall signal txDiversity-r16 for a band where it also supports twoTxDiversity-r18 or fourTxDiversity-r18.
-	Whether a Rel-18 network shall ignore txDiversity-r16 for a band where a UE also supports twoTxDiversity-r18 or fourTxDiversity-r18.
Else if a single-band BC does not inherit the per-FS TxD capability from higher-order BCs through the fallback principle:
-	Whether a network shall only interpret txDiversity-r16 for the single-band operation.
-	Whether a new per-band capability is needed to indicate that the UE supports 4TxD for single-band.

Proposal 6: RAN2 should agree to the CRs in R2-2313202 and R2-2313203, which add the capabilities twoTxDiversity-r18 and fourTxDiversity-r18.




