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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 [1, 2], respectively. In this paper, we discuss those new capabilities and their relationship to the legacy Tx Diversity capability txDiversity-r16.
2	Discussion
2.1	2TxD in one band and 1Tx in the other band [1]
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 signaled 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.
2.2	4TxD [2]
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 requested 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 2: 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.
4TxD, however, has been discussed within the context of FR1 single band with single CC operation for CPE devices under the context of the NR_ENDC_RF_FR1_enh2-Core WI. Thus, the capability must cover a scenario that a UE supports 4TxD for a band which is not contained in any band combination supported by the UE or the UE doesn’t support any band combinations.
Observation 3: The fourTxDiversity-r18 capability must cover a scenario that  that a UE supports 4TxD for a band which is not contained in any band combinations supported by the UE or the UE doesn’t support any band combinations.
Observation 4: From signaling design perspective, it is possible to signal a BandCombination with single band entry. Hereafter this is called single-band band combination. Then, a UE can indicate 4TxD support for a band in that single-band combination. This way, however, would not be diffused way and a network may not be able to correctly understand it.


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 [1] 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.
Given that normally per-band capability is inherited to a band in CA or DC including that band (otherwise, tremendous signaling overhead is expected), one might assume for example that if a UE indicates txDiversity-r16 for band A, then that UE supports 2TxD for band A for all BCs where band A is included. However, it is not clear if that is really the case in practice. For example, if a UE supports 2TxD band A as per-band and 2TxD band B as per-band, 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). That’s why RAN4 requested to introduce per-FS twoTxDiversity-r18 capability.
Observation 5: It is not always clear how or whether the legacy per-band capability txDiversity-r16 applies when the supported band is one of the bands in 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 to indicate that Tx Diversity is supported. For example, CA_n1A-n77(2A) may not support 2TxD for n77(2A) part because one PA may cover only one CC due to wide frequency range of n77. But for CA_n1A-n77A, n77A part may be able to support 2TxD. This is another advantage of supporting the per-FS Tx Diversity capability signaling.
Observation 6: Applying the fallback principle to the per-FS capabilities twoTxDiversity-r18 and fourTxDiversity-r18 would resolve certain ambiguities of txDiversity-r16.
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 signaled 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 Observation 6 is the common understanding)

	1
	Absent
	Absent
	Absent
	UE does not support TxD in band A
(Although it is understood that 2TxD for single band is supported for a 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.
It is ambiguous if 4Tx in band A is supported for single CC operation (Non-CA).

	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.
It is ambiguous if 4Tx in band A is supported for single CC operation (Non-CA).

	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.
It is ambiguous if 4Tx in band A is supported for single CC operation (Non-CA).

	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.
It is ambiguous if 4Tx in band A is supported for single CC operation (Non-CA).



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. Hence, Case 7 and 8 shouldn’t exist.
Proposal 1: 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. Otherwise, a clear definition is needed, e.g., BCs doesn’t inherit per-band txDiversity-r16 capability. Accordingly, per-band fourTxDiversity-r18 capability is needed.
Proposal 2: RAN4 should discuss the following:
If a single-band BC (one band entry in BandCombination in TS38.331) is assumed to inherit the per-FS TxD capability from higher-order BCs through the fallback principle:
- 	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.
3	Conclusion
This document has made the following observations and proposals:
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: 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 3: The fourTxDiversity-r18 capability must cover a scenario that  that a UE supports 4TxD for a band which is not contained in any band combinations supported by the UE or the UE doesn’t support any band combinations.
Observation 4: From signaling design perspective, it is possible to signal a BandCombination with single band entry. Hereafter this is called single-band band combination. Then, a UE can indicate 4TxD support for a band in that single-band combination. This way, however, would not be diffused way and a network may not be able to correctly understand it.
Observation 5: It is not always clear how or whether the legacy per-band capability txDiversity-r16 applies when the supported band is one of the bands in 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. Hence, Case 7 and 8 shouldn’t exist.
Proposal 1: 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. Otherwise, a clear definition is needed, e.g., BCs doesn’t inherit per-band txDiversity-r16 capability. Accordingly, per-band fourTxDiversity-r18 capability is needed.
Proposal 2: RAN4 should discuss the following:
If a single-band BC (one band entry in BandCombination in TS38.331) is assumed to inherit the per-FS TxD capability from higher-order BCs through the fallback principle:
- 	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 3: Send an LS to RAN2 if any agreements are made for this matter.
Reference
[1] [bookmark: _Hlk859252]R4-2317762, LS on new per band per BC TxD capability, RAN4, TSG-RAN WG4 #108bis
[2] R4-2317617, LS on signalling for 4Tx TxD, RAN4, TSG-RAN WG4 #108bis




