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1. Introduction
The discussion paper address the following issues.
1) In terms of 4Tx-TxD capability, whether a FS(per band per band combination) feature can be utilized for single band (None-CA) and whether it is a general approach in RAN2, in case RAN4 targets both single band(Non-CA) and CA.
2) In terms of 2Tx-TxD capability, what is the interaction between txDiversity-r16(for single band) and the new FS signalling (for CA)
3) What is the interaction between 2Tx-TxD capability and 4Tx-TxD capability.
2. Discussion
Background
In last meeting, two LS were sent out to RAN2 regarding TxD capability. [1] seeks for RAN2’s help to introduce a FS 2Tx-TxD capability for UE to indicate the support of 2Tx-TxD for a band within a band combination, as mentioned the legacy txDiversity-r16 was defined as per band in Rel-16. While [2] clarifies the legacy txDiversity-r16 is for 2Tx only while ask for RAN2’s help to introduce a FS 4Tx-TxD capability. [2] is excerpted as below.
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It is understood the main target in RAN4 is the single band (Non-CA) case within Rel-18, FS is considered for future proof in case in future 5Tx transmitting simultaneously are supported (though in our view it is far away).
4Tx-TxD: Whether a “FS” feature can be utilized for single band (None-CA)
One issue identified after this LS sent out is that, it appears RAN4 assumes: 
· Either a “FS” feature can also be used for single band (None-CA) →Assumption 1
· Or, RAN4 assumes RAN2 would introduce two separate 4T-TxD capabilities (one “per band” 4T-TxD for single band, one “FS” 4T-TxD for the constituent band within a BC) even without RAN4’s explicitly indication. →Assumption 2
For Assumption 2, we think RAN4 should at least clearly tell RAN2 both Non-CA and CA are targeted.
So seems most likely many RAN4 experts take Assumption 1. With regard to whether a FS feature (which would be put under "FeatureSetcombination") can be utilised for single band (None-CA)”, the following are three joint observations made by three Samsung RAN2 experts.
Observation 1: In principle, FS 4Tx-TxD can be utilised for single band (None-CA) case from signalling perspective (as the size of “BandCombinationList” can be 1), by reporting this BC (including only one band) and create the FS for this BC.
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Observation 2: If RAN4 targets both single band (None-CA) and CA, it should be clearly delivered to RAN2 and left RAN2 to determin introduce a single FS capability or two separate capabilities.
Observation 3: If 4T-TxD for CA is far away, introduce a per band capability might be more reasonable.

Further, we would like to point out the scope for FR1_enh is single band (None-CA), CA case with 4Tx in a constituent band calls for 5Tx working simultaneously in our view is far away. Same logic applies for 3Tx-TxD if in Rel-19 3Tx for single band for handheld UE would be introduced.
Proposal 1: It is proposed to re-discuss the target of 4Tx-TxD within Rel-18.
- Target only single band (None CA) →Samsung’s preference
- Target both single band (None CA) and CA	

2Tx-TxD
If a new FS capability introduced, the relationship between existing capability (txDiversity-r16) and this new FS capability should be clarified. Three approaches provided for discussion and confirmation, and our RAN2 colleagues think RAN4 shall clarify this.
· Approach 1: new capability is included in a certain band/BC, it will override per band capability for this band/BC. Otherwise, the UE applies per band capability. The presence of new capability signaling requires the support of txDiversity-r16. In case of absence of the signaling follows txDiversity-r16 in the corresponding band. (Samsung’s understanding: this precludes the case: TxD is for single band A, and 1Tx for A within CA_A-B, so we do not think Approach 1 is reasonable though it is the common RAN2 way)
· Approach 2: existing capability is applied to non-CA only. New capability should be applied for CA band combination. It means the absence of new capability signaling means no support of tx diversity in the band/band combination. 
· Approach 3: existing capability is applied to non-CA only. New capability should be applied for CA band combination. It means the absence of new capability signaling means no support of tx diversity in the band/band combination. The presence of new capability signaling requires the support of txDiversity-r16 →Samsung’s understanding/preference
Please Note that from signalling overhead perspective, Approach 2 and Approach 3 are the same, but from UE implementation perspective, they are different. 
Proposal 2: In terms of 2Tx-TxD, RAN4 discuss the interaction between the existing capability (txDiversity-r16) and this new FS capability. (Above three approaches provided, Approach 3 is our understanding)

The interaction between 2Tx-TxD and 4Tx-TxD
Another issue may require some discussion is what is the interaction between 2Tx-TxD and 4Tx-TxD.
In general we think there is no need to couple these two capabilities, UE can declare the maximum capability according to the implementation, i.e., the presence of 4Tx-TxD signaling does not require the support of 2Tx-TxD. More explicitly, if a UE supports PC1.5 by 4*23dBm PA (4Tx-TxD), and the power fall back 3dB to PC2, it still requires at least 2*23dBmPA working simultaneously (2Tx-TxD). However if UE is equipped with 3*23dBm PA+1*26dBm PA(4Tx-TxD), and the power fall back from PC1.5 to PC2, one kind of UE implementation is only the single 26dBm PA is utilized.
Proposal 3: The presence of 4Tx-TxD signaling does not require the support of 2Tx-TxD signalling.

3. Conclusion
Observation 1: In principle, FS 4Tx-TxD can be utilised for single band (None-CA) case from signalling perspective (as the size of “BandCombinationList” can be 1), by reporting this BC (including only one band) and create the FS for this BC.
Observation 2: If RAN4 targets both single band (None-CA) and CA, it should be clearly delivered to RAN2 and left RAN2 to determin introduce a single FS capability or two separate capabilities.
Observation 3: If 4T-TxD for CA is far away, introduce a per band capability might be more reasonable.
Proposal 1: It is proposed to re-discuss the target of 4Tx-TxD within Rel-18.
- Target only single band (None CA) →Samsung’s preference
- Target both single band (None CA) and CA	
Proposal 2: In terms of 2Tx-TxD, RAN4 discuss the interaction between the existing capability (txDiversity-r16) and this new FS capability. 
· Approach 1: new capability is included in a certain band/BC, it will override per band capability for this band/BC. Otherwise, the UE applies per band capability. The presence of new capability signaling requires the support of txDiversity-r16. In case of absence of the signaling follows txDiversity-r16 in the corresponding band. (Samsung’s understanding: this precludes the case: TxD is for single band A, and 1Tx for A within CA_A-B, so we do not think Approach 1 is reasonable though it is the common RAN2 way)
· Approach 2: existing capability is applied to non-CA only. New capability should be applied for CA band combination. It means the absence of new capability signaling means no support of tx diversity in the band/band combination. 
· Approach 3: existing capability is applied to non-CA only. New capability should be applied for CA band combination. It means the absence of new capability signaling means no support of tx diversity in the band/band combination. The presence of new capability signaling requires the support of txDiversity-r16 →Samsung’s understanding/preference

Proposal 3: The presence of 4Tx-TxD signaling does not require the support of 2Tx-TxD signalling.
A clarified LS is provided in annex for reference, which can be modified to be consistent with the conclusions made during the meeting.
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1	Overall description
In RAN4#108bis meeting, RAN4 sent a LS (R4-2317617) seeking for RAN2’s help to introduce a new per band per band combination (FS) capability for UE to indicate the support of TxDiversity for 4Tx in the band configured. Meanwhile RAN4 sent a LS (R4-2317762) asking for RAN’2 help to introduce a new FS UE capability to indicate the support of TxDiversity for 2Tx in the band configured.
After further discussion during RAN4#109, RAN4 would like to have following further clarification with RAN2.
1) In terms of 4Tx-TxDiversity capability, the assumption in RAN4 of R4-2317617 is that a FS feature can also be utilized for single band(None-CA) in principle, so for future proof RAN4 thought a FS 4Tx-TxDiversity signaling could be considered even the primary target within Rel-18 is Non-CA only. 
After further discussion during this meeting, RAN4 confirms that within Rel-18 only single band (None-CA) is the target, and left to RAN2 to determine the suitable granularity.
2) In terms of 2Tx-TxDiversity capability, RAN4 discussed the interaction between the existing capability (txDiversity-r16) and the new FS capability, and the following agreement is made.
[bookmark: _GoBack]Existing capability is applied to non-CA only. New capability should be applied for CA band combination. It means the absence of new capability signaling means no support of tx diversity in the band/band combination. The presence of new capability signaling requires the support of txDiversity-r16.
3) In terms of the interaction between 2Tx-TxDiversity and 4TxD-TxDiversity, RAN4 concludes that the presence of 4TxD-TxDiversity signaling does not require the support of 2Tx-TxDiversity.

2	Actions
To RAN2:
ACTION: 	RAN4 respectfully ask RAN2 to take above clarification into account.
	
3	Dates of next TSG-RAN WG4 meetings
[bookmark: OLE_LINK53][bookmark: OLE_LINK54]TSG-RAN WG4 Meeting #110	26 Feb – 01 Mar, 2024		        Athens, Greece
TSG-RAN WG4 Meeting #110bis	15 – 19 Apr, 2024		             China
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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.
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—  BandCombinationList

‘The IE BandCombinationList contains a list of NR CA, NR #0n“CA and/or MR-DC band combinations (also including DL only or UL only band).




