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Introduction
In this contribution, we will discuss the UE feature for Rel-18 MIMO evolution. 
UE feature for Rel-18 MIMO
1.1. UE feature for increased number of orthogonal DMRS port
[bookmark: _Hlk141892386]Based on the updated UE features after RAN1#116 meeting, we observe the following issues:
· Based on current FG 40-4-10, a UE supporting Rel-15 DMRS only for 8Tx must support Rel-18 DMRS with OCC4 (FG 40-4-6) since FG 40-4-6 is prerequisite of FG 40-4-10. That is not reasonable since Rel-15 DMRS is not relied on Rel-18 DMRS. UE should be able to support 8Tx based on only Rel-15 DMRS.
· According to the note of FG 40-4-10, a UE supporting 8 Tx must support FG 40-4-10, so it needs to also support FG 40-4-6 (Rel-18 DMRS with OCC4). However, 8Tx and Rel-18 DMRS are two independent features and not need to be tied together. 
Hence, we have the following proposals for FG 40-4-10:
· FG 40-4-6 is not needed to be prerequisite for Rel-15 DMRS with rank 5-8. A UE only supporting Rel-15 DMRS can also support rank 5-8 for 8Tx.
· Rel-15 DMRS with rank 5-8 and Rel-18 DMRS can be prerequisite for Rel-18 DMRS with 8Tx.
· Two FGs are used to support Rel-15 DMRS with 8Tx and Rel-18 DMRS with 8Tx.
Proposal 1: The following can be applied to UE feature for Rel-18 DMRS and 8Tx:
	40. NR_MIMO_evo_DL_UL
	40-4-6
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports

	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbols 
3) Support 1 symbol FL DMRS and 2 additional DMRS symbols
	2-16
	Yes
	n/a
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports is not supported
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-4-10
	DMRS port configuration for PUSCH with 8Tx
	DMRS port configuration for PUSCH with 8Tx for Rel 15 and Rel. 18
	40-4-6
	Yes
	n/a
	Port configuration for PUSCH with 8Tx is not supported
	Per FS
	No
	No
	n/a
	Candidate values: {Rel. 15 DMRS, Rel. 15 DMRS and Rel. 18 DMRS} 

Note: A UE supporting 8 Tx must support this FG
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-4-10
	DMRS port configuration for PUSCH with rank 5-8 and Rel-15 DMRS for 8Tx
	DMRS port configuration for PUSCH with rank 5-8 and 8Tx for Rel 15 DMRS
	2-16
	Yes
	n/a
	DMRS port configuration for PUSCH with rank 5-8 and Rel-15 DMRS is not supported for 8Tx
	Per FS
	No
	No
	n/a
	Note: A UE supporting 8 Tx must support this FG
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-4-11
	DMRS port configuration for PUSCH with for 8Tx
	DMRS port configuration for PUSCH with 8Tx for Rel18 DMRS 
	40-4-6, 40-4-10
	Yes
	n/a
	DMRS port configuration for PUSCH with Rel-18 DMRS is not supported for 8Tx
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling



1.2. UE feature for SRS enhancements
In RAN1#113 meeting, the following was agreed for SRS power scaling of 8 ports TDMed SRS. 
	Agreement
For an 8-port SRS resource in a SRS resource set with usage ‘codebook’ or ‘antennaSwitching’ and with TDM factor s > 1, the UE splits a linear value  of SRS transmission power equally across the SRS ports configured on each OFDM symbol, if the UE is capable of transmitting at  per OFDM symbol with 8/s ports, where  is specified in the current specifications.
· Note: This may be captured in the specification in a few different but equivalent ways, and it is up to the editor to decide.


In current 38.213, the UE splits a linear value of SRS transmission power equally across the SRS ports configured on each OFDM symbol. However, this can only be applied to a UE capable of transmitting at  per OFDM symbol. For a UE without this capability, the UE behaviour is not defined, and the transmit power in one symbol may exceed the maximal power supported by UE. Considering the limited time for maintenance, a simple solution with minimized standardization effort is preferred. For example, TDM-based 8Tx SRS (s=2) is not supported by UE not capable of transmitting at PCMAX per OFDM symbol with 8/s ports. 
Proposal 2: A UE supporting TDMed 8 ports SRS should be able to transmit at  per OFDM symbol with 4 ports and applied the following note:
	40. NR_MIMO_evo_DL_UL
	40-5-4
	SRS 8 Tx ports—antenna switching
	1. Support of 8T8R for antenna switching
2. Downgrade antenna switching configurations 
3. Report the entry number of the first-listed band with UL in the band combination that affects this DL
4. Report the entry number of the first-listed band with UL in the band combination that switches together with this UL
	2-53
	Yes
	n/a
	SRS with 8 Tx ports—antenna switching is not supported 
	Per FS
	n/a
	n/a
	n/a
	Component 1 candidate values: {noTDM, TDM and noTDM}

Component 2 candidate value: combination (including empty) of {1T1R, 1T2R, 1T4R, 1T6R, 1T8R, 2T2R, 2T4R, 2T6R, 2T8R, 4T4R, 4T8R} 

Component 3 candidate value: {1,2,…,32}

Component 4 candidate value: {1,2,…,32}

Note: UE reports support of SRS with 8 Tx ports and Comb8 mapping —antenna switching via FG 23-8-8

Note: UE reporting support of TDM SRS should be able to transmit at P_CMAX per OFDM symbol with 4 ports
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-7-1
	Basic features for Codebook-based 8Tx PUSCH
	1. Maximum number of PUSCH MIMO layers for codebook based PUSCH
2. Maximum number of 8 port SRS resources per SRS resource set with usage set to 'codebook’ for codebook-based 8Tx PUSCH
3. SRS 8 Tx ports—codebook
	
	Yes
	n/a
	Codebook-based 8Tx PUSCH is not supported
	Per FSPC
	No
	No
	No
	Component 1 candidate values: {1,2 ,3,4 ,5,6,7,8}

Component 2 candidate values: {1,2}

Component 3 candidate values: {noTDM, TDM and noTDM}

A UE that supports FG 40-7-1 must support at least one of FGs 40-7-1a/b/c/d

Note: UE reporting support of TDM SRS should be able to transmit at P_CMAX per OFDM symbol with 4 ports
	Optional with capability signaling



1.3. UE feature for SRI/TPMI enhancement for enabling 8 TX UL transmission
In Rel-16, full power mode 2 is supported for 2/4Tx with the following FGs:
	16-5c
	UL full power transmission fullpowerMode2
	The maximum number of SRS resources in one SRS resource set with usage set to ‘codebook’ for Mode 2: {1, 2, 4}
	2-13, 2-14
	Yes
	N/A
	
	Per FS 
	No
	No
	
	A UE that supports FG 16-5c supports at least full power operation with single port
	Optional with capability signaling

	16-5c-2
	UL full power transmission fullpowerMode2 – SRS resources
	The SRS configuration with different number of antenna ports per SRS resource for Mode 2
	16-5c
	Yes
	N/A
	
	Per FS
	No
	No
	
	Component (1) candidate values: {1_2, 1_4, 1_2_4}

1st state (1_2): each SRS resource can be configured with 1 port or 2 ports
 
2nd state (1_4):  each SRS resource can be configured with 1 port or 4 ports
 
3rd state (1_2_4): each SRS resource can be configured with 1 port or 2 ports or 4 ports

[bookmark: _Hlk49209488]Note: The first, second, or third state can  be used if 16-5c is reported as 2 or 4.t
	Optional with capability signaling



For 8Tx, similar two FGs (40-7-1g/40-7-1g-1) were introduced as below with the same functionality. However, for 2/4Tx, a UE that supports FG 16-5c should support at least full power operation with single port, and single port is included in each candidate for 16-5c-2. For 8Tx, whether SRS resource can be configured with one port (whether UE supports full power mode 2 with single port) is reported via one bit b0. That is, full power operation with single port is mandatory for UE with 2/4Tx, but optional for UE with 8Tx. That is not reasonable considering UE can always transmit with full power via antenna virtualization of all antennae to single port. 
Proposal 3: The following can be applied to UE feature for 8Tx PUSCH transmission:
	40. NR_MIMO_evo_DL_UL
	40-7-1g
	UL full power transmission mode 2 with 1/2/4 resources
	1. Support of UL full power transmission mode of fullpowerMode2 when UE is capable of 8 Tx codebook based PUSCH operation
2. Maximum number of SRS resources in one SRS resource set with usage set to 'codebook' for 8Tx codebook based PUSCH for Mode 2
	40-7-1
	yes
	n/a
	UL full power transmission mode 2 is not supported
	Per FSPC
	n/a
	n/a
	n/a
	Component 2 candidate values: {1, 2, 4}

A UE that supports FG 40-7-1g supports at least full power operation with single port
	Optional with capability signalling

	40. NR_MIMO_evo_DL_UL
	40-7-1g-1
	SRS resources for UL full power transmission mode 2
	1. SRS configurations with different number of antenna ports per SRS resource for mode 2
	40-7-1g
	yes
	n/a
	SRS resources for UL full power transmission mode 2 cannot be signaled 
	Per FSPC
	n/a
	n/a
	n/a
	Component 1 candidate values: 32 bit bitmap {b0, b1, b2}
b0 indicates whether SRS resource can be configured with 12 port
b1 indicates whether SRS resource can be configured with 24 port
b2 indicates whether SRS resource can be configured with 4 port
	Optional with capability signalling



Based on current UE feature, capability for different codebook types are independently reported. If UE reports capability for a codebook type, UE should support it regardless of non-TDMed and TDMed SRS.  However, according to RAN4’s LS[1], a UE supporting codebook1 for non-TDMed SRS may not be able to achieve coherency across TDMed SRS. For a UE supporting codeobok1 for non-TDMed SRS, additional UE feature is needed to indicate whether codebook1 is also supported for TDMed SRS. Furthermore, considering coherent SRS antenna ports are transmitted in the same symbol for partial coherent UE even with TDMed SRS, it is not need to differentiate TDMed SRS and non-TDMed SRS for codebook2/3/4, and the current FG 40-7-1b/c/d can be applied regardless of SRS configuration. A UE cannot report capability of TDMed SRS if it doesn’t support any codebook type for TDMed SRS.
Proposal 4: Modify current FG 40-7-1a to support UE to report one of the following UE features:
· UE supports codebook1 for both non-TDMed SRS and TDMed SRS
· UE supports codebook1 for non-TDMed SRS and not for TDMed SRS
Note: Whether UE supports codebook 2/3/4 or not for TDMed and non-TDMed SRS is up to separate FG 40-7-1b/c/d.

	40. NR_MIMO_evo_DL_UL
	40-7-1a
	Codebook-based 8Tx PUSCH—codebook1
	1. Support of codebook-based 8Tx PUSCH—codebook1
2. Support of (N1, N2) for codebook-based 8Tx PUSCH—codebook1
	40-7-1
	Yes
	n/a
	Codebook-based 8Tx PUSCH—codebook1 is not supported
	Per FSPC
	No
	No
	No
	Component 1 candidate values: {noTDM SRS, TDM and noTDM SRS}

Component 2 candidate values: {(4,1), (2,2), both}
	Optional with capability signaling



Conclusion
[bookmark: _GoBack]In this contribution, we discuss the remaining issues on UE features for Rel-18 MIMO with the following proposals:
Proposal 1: The following can be applied to UE feature for Rel-18 DMRS and 8Tx:
	40. NR_MIMO_evo_DL_UL
	40-4-6
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports

	1) Support 1 symbol FL DMRS without additional symbol(s)
2) Support 1 symbol FL DMRS and 1 additional DMRS symbols 
3) Support 1 symbol FL DMRS and 2 additional DMRS symbols
	2-16
	Yes
	n/a
	Basic feature of Rel.18 enhanced DMRS ports for PUSCH for scheduling type A for Rel.18 enhanced DMRS ports is not supported
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-4-10
	DMRS port configuration for PUSCH with 8Tx
	DMRS port configuration for PUSCH with 8Tx for Rel 15 and Rel. 18
	40-4-6
	Yes
	n/a
	Port configuration for PUSCH with 8Tx is not supported
	Per FS
	No
	No
	n/a
	Candidate values: {Rel. 15 DMRS, Rel. 15 DMRS and Rel. 18 DMRS} 

Note: A UE supporting 8 Tx must support this FG
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-4-10
	DMRS port configuration for PUSCH with rank 5-8 and Rel-15 DMRS for 8Tx
	DMRS port configuration for PUSCH with rank 5-8 and 8Tx for Rel 15 DMRS
	2-16
	Yes
	n/a
	DMRS port configuration for PUSCH with rank 5-8 and Rel-15 DMRS is not supported for 8Tx
	Per FS
	No
	No
	n/a
	Note: A UE supporting 8 Tx must support this FG
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-4-11
	DMRS port configuration for PUSCH with for 8Tx
	DMRS port configuration for PUSCH with 8Tx for Rel18 DMRS 
	40-4-6, 40-4-10
	Yes
	n/a
	DMRS port configuration for PUSCH with Rel-18 DMRS is not supported for 8Tx
	Per FS
	No
	No
	n/a
	
	Optional with capability signaling



Proposal 2: A UE supporting TDMed 8 ports SRS should be able to transmit at  per OFDM symbol with 4 ports and applied the following note:
	40. NR_MIMO_evo_DL_UL
	40-5-4
	SRS 8 Tx ports—antenna switching
	1. Support of 8T8R for antenna switching
2. Downgrade antenna switching configurations 
3. Report the entry number of the first-listed band with UL in the band combination that affects this DL
4. Report the entry number of the first-listed band with UL in the band combination that switches together with this UL
	2-53
	Yes
	n/a
	SRS with 8 Tx ports—antenna switching is not supported 
	Per FS
	n/a
	n/a
	n/a
	Component 1 candidate values: {noTDM, TDM and noTDM}

Component 2 candidate value: combination (including empty) of {1T1R, 1T2R, 1T4R, 1T6R, 1T8R, 2T2R, 2T4R, 2T6R, 2T8R, 4T4R, 4T8R} 

Component 3 candidate value: {1,2,…,32}

Component 4 candidate value: {1,2,…,32}

Note: UE reports support of SRS with 8 Tx ports and Comb8 mapping —antenna switching via FG 23-8-8

Note: UE reporting support of TDM SRS should be able to transmit at P_CMAX per OFDM symbol with 4 ports
	Optional with capability signaling

	40. NR_MIMO_evo_DL_UL
	40-7-1
	Basic features for Codebook-based 8Tx PUSCH
	1. Maximum number of PUSCH MIMO layers for codebook based PUSCH
2. Maximum number of 8 port SRS resources per SRS resource set with usage set to 'codebook’ for codebook-based 8Tx PUSCH
3. SRS 8 Tx ports—codebook
	
	Yes
	n/a
	Codebook-based 8Tx PUSCH is not supported
	Per FSPC
	No
	No
	No
	Component 1 candidate values: {1,2 ,3,4 ,5,6,7,8}

Component 2 candidate values: {1,2}

Component 3 candidate values: {noTDM, TDM and noTDM}

A UE that supports FG 40-7-1 must support at least one of FGs 40-7-1a/b/c/d

Note: UE reporting support of TDM SRS should be able to transmit at P_CMAX per OFDM symbol with 4 ports
	Optional with capability signaling



Proposal 3: The following can be applied to UE feature for 8Tx PUSCH transmission:
	40. NR_MIMO_evo_DL_UL
	40-7-1g
	UL full power transmission mode 2 with 1/2/4 resources
	1. Support of UL full power transmission mode of fullpowerMode2 when UE is capable of 8 Tx codebook based PUSCH operation
2. Maximum number of SRS resources in one SRS resource set with usage set to 'codebook' for 8Tx codebook based PUSCH for Mode 2
	40-7-1
	yes
	n/a
	UL full power transmission mode 2 is not supported
	Per FSPC
	n/a
	n/a
	n/a
	Component 2 candidate values: {1, 2, 4}

A UE that supports FG 40-7-1g supports at least full power operation with single port
	Optional with capability signalling

	40. NR_MIMO_evo_DL_UL
	40-7-1g-1
	SRS resources for UL full power transmission mode 2
	1. SRS configurations with different number of antenna ports per SRS resource for mode 2
	40-7-1g
	yes
	n/a
	SRS resources for UL full power transmission mode 2 cannot be signaled 
	Per FSPC
	n/a
	n/a
	n/a
	Component 1 candidate values: 32 bit bitmap {b0, b1, b2}
b0 indicates whether SRS resource can be configured with 12 port
b1 indicates whether SRS resource can be configured with 24 port
b2 indicates whether SRS resource can be configured with 4 port
	Optional with capability signalling



Proposal 4: Modify current FG 40-7-1a to support UE to report one of the following UE features:
· UE supports codebook1 for both non-TDMed SRS and TDMed SRS
· UE supports codebook1 for non-TDMed SRS and not for TDMed SRS
Note: Whether UE supports codebook 2/3/4 or not for TDMed and non-TDMed SRS is up to separate FG 40-7-1b/c/d.

	40. NR_MIMO_evo_DL_UL
	40-7-1a
	Codebook-based 8Tx PUSCH—codebook1
	1. Support of codebook-based 8Tx PUSCH—codebook1
2. Support of (N1, N2) for codebook-based 8Tx PUSCH—codebook1
	40-7-1
	Yes
	n/a
	Codebook-based 8Tx PUSCH—codebook1 is not supported
	Per FSPC
	No
	No
	No
	Component 1 candidate values: {noTDM SRS, TDM and noTDM SRS}

Component 2 candidate values: {(4,1), (2,2), both}
	Optional with capability signaling
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