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1. INTRODUCTION
[bookmark: _Hlk521410680]In WG1 Meeting #98b [1], RAN1 continued the discussion related to mode 1 and mode 2 operations. However, some details were left for further debate and analysis. In this contribution, we provide our views related to precoder selection for mode 1, and capability signalling for mode 2. 
	· Support RRC configuration to operate in Mode1 or Mode2 subject to UE capability 
· For UE capabilty-2 and-3, gNB can configure a UE to operate in Mode 1 or Mode 2 subject to UE capability
· Note : if UE only supports Mode 1 gNB cannot configure this UE to operate in Mode 2, if UE only supports Mode 2 gNB cannot configure this UE to operate in Mode 1
· FFS: UE capability signaling discussion
· Note: capability-1 UE can be configured with RRC parameter “ULFPTx” to deliver UL full power has been agreed, exact parameter name is up to RAN2
· If gNB does not configure UE for Rel-16 full power UL transmission, Rel-16 UEs operate in Rel-15 behavior

· For 2Tx in mode 1, 
· For rank=1, TPMI=2, TPMI=0, TPMI=1 are included in new codebook subset for non-coherent UEs with power scaling defined as in [38.213] Rel-15 
· For rank=2, TPMI=0 is included in the new codebook subset

· For Mode2, 
· Power scaling factor is equal to 1 for the reported TPMI precoders that supports full power Tx
· for the other TPMI precoders, if only one SRS resource is configured, the power scaling factor is determined by #non-zero-PUSCH-port divided by #SRS-ports
· for the other TPMI precoders, the power scaling factor is determined by #non-zero PUSCH port/#SRS ports in the SRS resource indicated by SRI

· For Mode 1 4TX, for non-full power uplink transmission, antenna selection precoders are included in the new codebook subset following Rel-15 power scaling factor
· FFS: Whether to include antenna selection precoders for full power uplink transmission

· For full power uplink transmission Mode 1, 4TX partial-coherent, the new codebook subset includes
· Rank1(CP-OFDM): TPMI = 12,13,14,15 
· Rank1(DFT-s-OFDM): TPMI = 12,13,14,15
· FFS: TPMI=16, 17, 18, 19
· FFS: Whether clarification on which port pairs are coherent is needed




2. BACKGROUND 
In Rel-15, UE coherence capabilities; nonCoherent (NC), partialAndNonCoherent (PNC) and fullAndPartialAndNonCoherent (FPNC) are introduced to reflect the integrity of UL transmission in terms of phase and time coherence. As such, according to UE coherence capability, only a specific subset of precoders will be allowed for transmission. For a given coherence capability, three categories of PA architectures are considered for discussion related to full TX power UL transmission. The categories are represented in the form of UE capabilities:
UE capability 1 (Cap1): full rated PAs on each TX chain is supported with a new UE capability 
UE capability 2 (Cap2): no TX chain is assumed to deliver full power with the new UE capability 
UE capability 3 (Cap3): subset of TX chains with full rated PAs is supported with a new UE capability

At least for PC3, UE capabilities 1, 2 and 3 have all been identified as potential PA architectures to support full power transmission. For ‘Capability 2’ and ‘Capability 3’ UEs, a UE can fulfil full power transmission using either Mode 1 or 2. Assuming UE capability for supporting either modes, since full power transmission may not be always necessary, a UE is required to be configured to support full power transmission.

Mode 1: In Mode 1, all configured SRS resources in an SRS resource set have a same number of ports. Therefore, antenna virtualization is not employed, and full power transmission can only be achieved by introducing a new codebook subset. The new codebook subset supports combining of the power across the ports for the configured number of layers for transmission. Per agreements, the new codebook subset includes the TPMI precoders in fullyAndPartialAndNonCoherent as defined in Rel-15. 

Mode 2: In Mode 2, SRS resources within an SRS resource set can have different number of ports, and therefore, antenna virtualization can be supported if needed. Furthermore, both SRS and PUSCH are transmitted in a same manner. As such, CSI estimation can be done in a straightforward way at the gNB. For Capability 3, to achieve full power transmission, a set of TPMIs can be signalled by the UE. 

3. OPERATION IN MODE 1 
In the last meeting [1], for 2 and 4 TX configurations, further agreements for codebook subset definition for Mode 1 were reached. For mode 1, 2TX non-coherent UE, it has been agreed that the new codebook subset shall include rank=1 TPMI={0, 1, 2} as defined in Rel-15. However, despite non-coherency of UE, it is still beneficial to also include other alternative TPMIs, e.g., {4, 5} to provide more options for precoding.

Proposal 1: For mode 1, 2Tx non-coherent UE, the new rank=1 codebook subset should also include at least one of TPMIs {4,5} as defined in Rel-15. 

[bookmark: _Hlk20830699][bookmark: _Hlk23775734]For mode 1, 4TX non-coherent UE, it has been agreed that for both CP-OFDM and DFT-s-OFDM waveforms, the new codebook subset shall include rank 1 TPMI= {12, 13, 14, 15} as defined in Rel-15.  However, to support different UE PA architectures and capabilities, more precoding options should be allowed. For mode 1, 4TX non-coherent UE with DFT OFDM waveform, the precoding options should include TPMI={16, 17, 24, 27} set to be able to support both Capability 2 and 3 UEs.

Proposal 2: For mode 1, 4TX non-coherent UE with DFT OFDM waveform, the precoding options should include TPMI={16, 17, 24, 27} to be able to support both Capability 2 and 3 UEs.

[bookmark: _Hlk20832505]For mode 1, 4TX partial-coherent UE, similar to the non-coherent UE, the precoding options should cover all the TPMI set options TPMI={16, 17, 24, 27} to support full power capability. 

Proposal 3: For mode 1, 4TX partial-coherent UE with DFT OFDM waveform, the precoding options should include TPMI={16, 17, 24, 27} to support full power capability.


[bookmark: _Hlk4493915]Table 1 - Precoding matrix  for single-layer transmission using 4 antenna ports with transform precoding enabled[image: ]
 As shown in Table 2, there could be many different PA structures falling under UE capability 3. Therefore, for a UE capability 3 configured in Mode 1, the codebook subset selection should be done along with the consideration of number of full rated PAs in the UE. For example, if in a 4TX UE, one pair of the RF chain is equipped with a full rated PA, then the subset codebook can include at least one or more of the following precoder structures for virtualization. 
 ,
where .

Proposal 4: At least for UE with Capability 3, and at least for Mode 1, the subset codebook should include at least the followings precoder,

4. OPERATION IN MODE 2 
In Mode 2, SRS resources within an SRS resource set can be configured to have a same or different number of ports, and therefore, antenna virtualization can be supported if needed. Furthermore, both SRS and PUSCH are transmitted in a same manner. As such, CSI estimation can be done in a straightforward manner at the gNB. For Capability 3, to achieve full power transmission, a set of TPMIs can be signalled by the UE. 

For 4 TX UEs configured in Mode 2, a maximum number of 4 SRS resources can be configured with usage set to ‘codebook’ in a set where each resource can be configured with a different number of SRS ports. Whether an SRS resource can support full power transmission depends on the number of SRS ports and PA structure in a UE. Table 2 shows support for full power transmission based on PA architecture and the number of SRS ports in an SRS resource for a PC3 UE. As demonstrated, for each case, full power transmission for each SRS resource port assumption may be supported with or without virtualization which will be transparent to the gNB. 

[bookmark: _Hlk23860884][bookmark: _Hlk23409796][bookmark: _Hlk23853418]Since a gNB is not aware of UE PA architectures, it cannot presume all SRS port configuration can support full power transmission, therefore a UE may receive SRS configuration according to its full power transmission capability for each case of potential number of SRS ports. For example, a UE can use a bitmap to indicate the full power support where the state of each bit may be an indication for an individual SRS resource or port size. For example, for a 4 TX UE, a bitmap b1b2b3b4=1101 may indicate full power capability for any SRS resource with 1,2 and 4 SRS ports, while a bitmap b1b2b3b4=1111 may indicate full power support for any size of SRS ports. However, if we could assume that full power transmission by 1, 2 and 4 port SRS can be supported by all options, a UE can only indicate whether it can support full power for 3 ports SRS resource configuration. For example, it will possible to recognize the difference between a UE with option 4 and a UE with option 3 (or 5 and 6), and be able to use each UE with a right SRS configuration.

Figure 1 shows full power transmission capability based on two different exemplary PA architectures and their corresponding number of SRS ports. In case (a), full power capability for all sizes of SRS ports is supported, while in case (b), full power capability only with SRS resources with 1, 2 and 4 ports are supported. Therefore, UE SRS configuration can be performed once the UE indicates full power support capability per SRS port size. For example, a UE can use the bitmap b1b2b3b4=1110 to indicate the full power support by SRS port sizes of 1,2 and 3. 

Observation: Since a gNB is not aware of UE PA architectures, it cannot presume all SRS port configurations can support full power transmission.

Proposal 5: For mode 2, a UE should use a bitmap to indicate full power support per SRS resource.
 
In a UE with Capability 3, full rated PAs are placed only on a subset of TX RF chains. Since in certain cases, as for options 5 and 6 with 2 SRS port configuration, virtualization may not be always needed to achieve full power, we need to have some antenna selection precoders to support full power transmission. However, as PA architecture of a UE with Capability 3 cannot be known to the gNB, a UE needs to indicate a correct set of precoders according to the positioning of its high rated PAs. For example, for option 5 shown in Table 2, a UE can indicate one subset of precoders supporting full power transmission, while for option 8, a UE can indicate a different set of precoders. In such cases, the UE can indicate an index representing the group to be indicated to the gNB. 


,				.
Proposal 6: For Mode 2, if no virtualization is used, a UE can indicate an index representing a set of TPMIs for supporting full power transmission, e,g, wi or wj.
	Table 2 – Exemplary full power support cases per different UE Capabilities (PC3)

	Option
	PA1 (dBm)
	PA2 (dBm)
	PA3 (dBm)
	PA4 (dBm)
	SRS Resources supporting full power

	1 
(UE Cap 2)
	17
	17
	17
	17
	1 port (with virtualization)
2 ports (with virtualization)
4 ports

	2 
(UE Cap 2)
	17
	17
	17
	20
	1 port (with virtualization)
2 ports (with virtualization)
4 ports

	3 
(UE Cap 2)
	17
	17
	20
	20
	1 port (with virtualization)
2 ports (with and without virtualization)
3 ports (with virtualization)
4 ports

	4 
(UE Cap 3)
	17
	17
	17
	23
	1 port (with and without virtualization)
2 ports (with virtualization)
4 ports

	5 
(UE Cap 3)
	17
	20
	17
	23
	1 port (with and without virtualization)
2 ports (with and without virtualization)
3 ports (with virtualization)
4 ports

	6
(UE Cap 3)
	17
	23
	17
	23
	1 port, with and without virtualization
2 ports, with and without virtualization
3 ports, with virtualization
4 ports

	7 
(UE Cap 3)
	17
	20
	20
	23
	1 port, with and without virtualization
2 ports, with and without virtualization
3 ports, with and without virtualization
4 ports

	8
(UE Cap 3)
	20
	20
	23
	23
	1 port, with and without virtualization
2 ports, with and without virtualization
3 ports, with and without virtualization
4 ports

	9
(UE Cap 3)
	17
	23
	23
	23
	1 port, with and without virtualization
2 ports, with and without virtualization
3 ports, with and without virtualization
4 ports






 
Figure 1 - Full power transmission capability based on two different PA architectures and number of SRS ports
5. CONCLUSION
In this contribution, we provide our views on remaining details related to operations in Modes 1 and 2. Based on the discussion, following observation and proposals are made:

Proposal 1: For mode 1, 2Tx non-coherent UE, the new rank=1 codebook subset should also include at least one of TPMIs {4,5} as defined in Rel-15. 

Proposal 2: For mode 1, 4TX non-coherent UE with DFT OFDM waveform, the precoding options should include TPMI={16, 17, 24, 27} to be able to support both Capability 2 and 3 UEs.

Proposal 3: For mode 1, 4TX partial-coherent UE with DFT OFDM waveform, the precoding options should include TPMI={16, 17, 24, 27} to support full power capability.

Proposal 4: At least for UE with Capability 3, and at least for Mode 1, the subset codebook should include at least the followings precoder,

Observation 1: Since a gNB is not aware of UE PA architectures, it cannot presume all SRS port configuration can support full power transmission.

Proposal 5: For mode 2, a UE should use a bitmap to indicate full power support per SRS resource.

Proposal 6: For Mode 2, if no virtualization is used, a UE can indicate an index representing a set of TPMIs for supporting full power transmission, e,g, wi or wj.
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