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1. INTRODUCTION
[bookmark: _Hlk521410680][bookmark: _GoBack]In WG1 Meeting #98 [1], RAN1 began the debate about codebook subset definition for mode 1. The discussion on power scaling and related details was postponed to the next step.  As a result, the following agreements were reached. In this contribution, we provide our views on remaining details related to codebook subset definition, subset indication and power scaling.

	· For mode 1, 2Tx non-coherent UE, the new codebook subset at least includes rank=1 TPMI=2 defined in Rel-15 which can be used for UL full power transmission

· For mode 1, 4Tx non-coherent UE, the new codebook subset at least includes, rank 1 TPMI= 13 defined in Rel-15 which can be used for UL full power transmission 
· FFS for the case that part of ports can deliver full power transmission

· For mode 1, 4Tx non-coherent UE, the new codebook subset
· at least includes, rank 2 TPMI=6 defined in Rel-15
· at least includes, rank 3 TPMI=1 defined in Rel-15

· For mode 2, in case of non-coherent with 2 ports, support following TPMI indication for rank 1 which support UL full power transmission:
· Rank 1: support {TPMI=0} and {TPMI=1}
· FFS: Details on UE capability signalling 

· For a capability 1 UE working with full power operations, for PUSCH power control, power scaling factor is fixed to 1

· For a UE working with Mode1 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.

· For a UE working with Mode2 operation, for PUSCH power control, down-select or merge from the following alternatives in RAN1#98bis
· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted

· For 4 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For 2 TX UEs, a maximum of 4 SRS resources are supported in Mode 2 for usage set to ‘codebook’ in a set
· Depending on UE capability, either up to 2 or 4 SRS resources are supported
· For mode 2 UEs, up to 2 different spatial relation info can be configured for all SRS resources with usage set to ‘codebook’
Note: it does not mean to support simultaneous transmission of multiple SRS resources usage is set to ‘codebook’
[bookmark: _Hlk16498632] 
Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports




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. UE capability 1 is obviously the most straightforward case that can still reuse Rel-15 power scaling procedures [2], 
	




[bookmark: _Hlk20859920]For a PUSCH transmission on active UL BWP , as described in Subclause 12, of carrier  of serving cell , a UE first calculates a linear value  of the transmit power , with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 



For UE capabilities 2 and 3, power scaling should be slightly modified to match the codebook options considered for 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 WA, 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. CODEBOOK SUBSET DEFINITION FOR MODE 1 
In the last meeting [1], for 2 and 4 TX configurations, two basic agreements for codebook subset definition for Mode 1 were reached. 
For mode 1, 2TX non-coherent UE, it was agreed that the new codebook subset should at least includes rank=1 TPMI=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]For mode 1, 4TX non-coherent UE, it was agreed that the new codebook subset should at least includes, rank 1 TPMI= 13 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 at least TPMI={4, 6, 7}, TPMI={8, 10, 11} and TPMI={13, 15, 16, 17, 24, 27} sets to be able to support both Capability 2 and 3 UEs.

Proposal 2: For mode 1, 4TX non-coherent UE with DFT OFDM, the precoding options should include TPMI={4, 6, 7}, TPMI={8, 10, 11}  and TPMI={13, 15, 16, 17, 24, 27} sets 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={13, 15, 16, 17, 24, 27} to support full power capability. 

Proposal 3: For mode 1, 4TX partial-coherent UE with DFT OFDM, the precoding options should cover all the TPMI set options TPMI={13, 15, 16, 17, 24, 27} to support full power capability.

 
In Mode 1, the selection of codebook subset depends on UE capability, e.g., Capability 2 or 3. In the case of Capability 2, the subset can be simply defined by inclusion of at least one or more of TPMIs shown in Table 1. However, as shown in Table 2, there could be many different PA structures falling under UE capability 3. Therefore, for a UE capability 3, the codebook subset selection should be done along with the consideration that whether full power transmission is supported over a single or two ports. Therefore, for the case that part of ports can deliver full power transmission, additional precoding options should be provided.

	Table 2 – Exemplary PA options for Capability 3 UE (PC3)

	
	PA1 (dBm)
	PA2 (dBm)
	PA3 (dBm)
	PA4 (dBm)

	Option 1
	17
	17
	17
	23

	Option 2 *
	17
	17
	20
	20

	Option 3
	17
	17
	20
	23

	Option 4
	17
	17
	23
	23

	Option 5
	17
	20
	20
	23

	Option 6
	17
	23
	23
	23

	Option 7
	20
	20
	23
	23

	* Option 2 is included for comparison, otherwise it is not considered as a Capability 3 UE



For example, to our understanding, if full power transmission is supported only over a single port, then subset codebook can include at least one or more of the followings,

 ,

In the above example, without requiring any detail about the location of the full rated PA, it is assumed that the forth row of each column maps on the branch with the full power capability. However other alternative choices can be considered as well, for example, 
 ,
where .

Having said that a UE should indicate whether its PA architecture supports full power over single or two ports so that gNB could configure the UE with a proper codebook subset. For example, for either Option 3 or 4 shown in Table 2, a UE should indicate whether it supports full power over a single port or more.The indicated information can be part of the initial UE capability signaling, e.g., Capability 3-1 or Capability 3-2, or it can be indicated separately by a UE.

[bookmark: _Hlk16519547]Proposal 4: For Mode 1, UE should indicate whether its PA architecture supports full power over single or two ports. The indicated information can be part of the initial UE capability signaling, e.g., Capability 3-1 or Capability 3-2, or it can be indicated separately by a UE. 

Proposal 5: At least for UE with Capability 3, and at least for Mode 1, the subset codebook should include at least the followings precoder,


[bookmark: _Hlk4493915]Table 1 - Precoding matrix  for single-layer transmission using 4 antenna ports with transform precoding disabled[image: ]


4. CODEBOOK SUBSET INDICATION FOR 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 manner at the gNB. For Capability 3, to achieve full power transmission, a set of TPMIs can be signalled by the UE. 
In a UE with Capability 3, high rated PAs, (e.g., full rated PAs) are placed only on a subset of TX RF chains. A UE with Capability 3, may be able to support full power transmission only using a subset of precoders. Table 2 shows a few exemplary cases of PA options for a 4TX UE where a mix of low and high rated PAs are placed at each TX branch. As shown in the last column, assuming port combining (virtualization), while different architectures can yield a similar coverage for supported ports achieving full power, the virtualization approach can vary depending on the number of full-rated PAs. 
Since PA architecture of a UE with Capability 3 cannot be known to the gNB, and the fact that different virtualization mechanisms can be considered, a UE should indicate the subset of UEs supporting full power transmission. For example, a similar virtualization can be assumed for Options 1, 3 and 5 in Table 2, without requiring the knowledge about architectural details of the transmitter, and regardless of how a virtualization is employed, the UE can indicate the subset of precoders by simply indicating only wi or wj subset of precoders,


,				.
In other words, instead of individual indication of each TPMI, TPMIs can be grouped based on their structure, and then only an index representing the group to be indicated to the gNB.
Proposal 6: For Mode 2, a UE indicates only an index representing a set of TPMIs for supporting full power transmission, e,g, wi or wj.

5. POWER SCALING
In Rel-15, power scaling is defined as the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. In the last meeting [1], it was agreed that for capability 1 UEs, power scaling factor for PUSCH power control is fixed to 1. Moreover, for each mode of operations for capability 2 and 3 UEs, several alternative solutions were agreed for down-selection for possible merge [1]. 
[bookmark: _Hlk20860588]For Mode 1 operation, all configured SRS resources in an SRS resource set have a same number of ports, and the configured codebook subset for full power operation is defined according to the configured number of ports per SRS resource. The proposed alternatives for Mode 1 are as follows,
	· Alt1: reuse Rel-15 power scaling mechanism.
· Alt2: power scaling factor is configured. 
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted
· Alt5: For the precoders in the new codebook subset for full power transmission, the power scaling factor is 1.



Therefore, from the proposed alternative solutions, Alt3 and Alt5 are identical and sufficient. Considering that in Mode 1, the number of SRS ports matches the configured codebook subset, then Alt1 seems equivalent to Alt3 and Alt5 as well. In our view, Alt4 seems too complex and still requires configuration of K parameter which makes it similar as Alt2.
Proposal 7: For Mode 1 power scaling, either Alt3 or Alt5 is sufficient.

For Mode 2 operation, SRS resources within an SRS resource set can have different number of ports, and therefore, antenna virtualization can be supported if needed. The proposed alternatives for Mode 2 are as follows,
	· Alt1: power scaling factor is determinded by the reported TPMI precoders. 
· Alt2: power scaling factor is configured.
· Alt3: power scaling factor is determinded by #non-zero-PUSCH-port divided by #SRS-ports in the SRS resource indicated by SRI.
· 
Alt4: A UE can scale its transmit power by  to reach full power, where
· 

 is a scale factor associated with  SRS ports corresponding to the PUSCH transmission and an optional mth TPMI with rank v.
· 

If a TPMI is not associated with , then  is determined without regard to m and v. 
· 

If  is not configured by higher layers, a set of fixed values are defined for .
· 
 is the number of non-zero PUSCH ports being transmitted



Given potential variability of number of ports per SRS resource set, then Alt3 can provide a sufficient solution for the scaling process. Alt1 lacks details, but in its essence, it has some similarity as Alt3. For Alt2 and Alt4, we have a similar comment as for Mode 1 that is Alt4 seems too complex and still requires configuration of K parameter which makes it similar as Alt2. 
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. 
Proposal 8: For Mode 2 power scaling, Alt3 is supported.


6. CONCLUSION
In this contribution, we provide our views on remaining details related to codebook subset definition, subset indication and power scaling.Based on the discussion, following observations 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, the precoding options should include TPMI={4, 6, 7}, TPMI={8, 10, 11}  and TPMI={13, 15, 16, 17, 24, 27} sets to be able to support both Capability 2 and 3 UEs
Proposal 3: For mode 1, 4TX partial-coherent UE with DFT OFDM, the precoding options should include TPMI set options TPMI={13, 15, 16, 17, 24, 27} to support full power capability.

Proposal 4: For Mode 1, UE should indicate whether its PA architecture supports full power over single or two ports. The indicated information can be part of the initial UE capability signaling, e.g., Capability 3-1 or Capability 3-2, or it can be indicated separately by a UE. 

Proposal 5: At least for UE with Capability 3, and at least for Mode 1, the subset codebook should include at least the followings precoder,
Proposal 6: For Mode 2, a UE indicates only an index representing a set of TPMIs for supporting full power transmission, e,g, wi or wj.
Proposal 7: For Mode 1 power scaling, either Alt3 or Alt5 is sufficient.
Proposal 8: For Mode 2 power scaling, Alt3 is supported.
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