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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In previous meetings, details on the two modes to support full power transmission have been agreed [1][2].
For mode-1: 
	Agreement
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
Agreement
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
Agreement
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
Agreement
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

Agreement
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




For mode-2: 
	Agreement
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 
Conclusion
For mode 2, no additional rule for spatial filter update for SRS resources with different number ports
Agreement
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

Agreement
· 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’



More details for the configuration structure for full power transmission:
	Agreement
· 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




In this contribution, we discuss the remaining issues for the full power transmission. 

[bookmark: _Ref129681832]Remaining issues for Mode-1 and Mode-2
The new codebook subset for Mode-1
In the last meeting, for non-coherent UE, for 2Tx such as TPMI=2 for rank 1 and for 4Tx such as TPMI=13 for rank 1, TPMI=6 for rank 2, TPMI=1 for rank 3 have been supported to enable full power transmission, meanwhile, antenna selection precoders are supported for power saving. There is a remaining issue that whether the antenna selection precoders can deliver full power for Mode-1. In our understanding, if it is restricted that antenna selection precoders can only be used with Rel-15 scaling factor, then the UL transmission is not efficient for the following reasons: 
· [bookmark: OLE_LINK2]The performance of UL transmission will be limited. As an example, 20+20+20+20dBm PAs for a UE, actually full power transmission can be delivered by two PAs with   or , but with the restriction of only non-antenna selection precoders, i.e., , then only 17dBm can be used for each PA. In the case of hand shadowing, parts of antennas will be blocked, if only with , then totally 20dBm can be used for UL transmission, while 23dBm can be used for  and . The performance evaluation are provided in Figure-1 and Figure-2. 
· Power will be wasted from UE side. In the case of hand shadowing, part of PAs are blocked by hands. If we force UE to transmit through non-antenna selection precoder , then half of the power is wasted on the UE side. 
By the way, in the case of non-coherent UE, even without any hand blockage, we believe that the full power transmission with antenna selection precoders will be more efficient than non-antenna-selection precoder, since less number of PAs need to be activated for full power transmission in the antenna-selection precoder. 
Some companies may argue that antenna selection precoders can be in Mode-2, so only support non-antenna selection precoders in Mode-1. However, Mode-1 and Mode-2 cannot be dynamic switching, which means that if Mode-1 configured, then the above two issues, i.e., performance loss and power efficiency problem will be always there.
In Figure 1 and Figure 2, we shows the performance gain of antenna-selection precoders in the case with and without hand blockage. In the simulation, we assume that UE is with 20+20+20+20dBm PAs, and the hand-blockage may happen randomized on any antennas in each PDSCH transmission. The detailed simulation assumptions can be found in the Appendix B.

[image: ]
Figure 1. Performance of different new codebook subsets of rank-1 transmission without blockage 
[image: ]
Figure 2. Performance of different new codebook subsets of rank-1 transmission with blockage
Proposal 1: For Mode-1, precoders  and  should be included in the new codebook subset for full power transmission for 4Tx non-coherent UE.

For the UEs with partial-coherent precoders, it has been agreed that TPMI 12-15 for rank-1 are included in the new codebook subset for both CP-OFDM and DFT-s-OFDM. The reason that supporting TPMI 12-15 for CP-OFDM is due to that the phase difference can be maintained between the coherent antennas (1st and 3rd antennas are coherent, and 2nd and 4th antennas are coherent according to the current spec), however cannot be guaranteed for the different groups, i.e., the phase varies between antenna group (1st, 3rd) and group (2nd, 4th). For example, among the precoders , , and , the phase between the coherent antennas are the same (i.e., phase between 1st and 3rd antennas are same), so select one of them is sufficient. With the above discussion, we can see only TPMI=12~15 is required for CP-OFDM, where the details can be found in Table-1 in Appendix A. However, for DFT-S-OFDM, the precoders TPMI=12, 13, 14, 15, 16, 17, 18, 19 are different phase between antenna group (1st, 3rd) and (2nd, 4th), So, in addition to the agreed parts (TPMI=12~15), the TPMI=16~19 also should be added in the new codebook subsets for DFT-S-OFDM as shown in Table-1.
Table 1. The precoders within the new codebook subset for 4Tx partial-coherent UE for full power transmission
	4Tx
Partial-coherent UE (DFT-s-OFDM)
	, ,, ,, ,,  
i.e., TPMI=12,13,14,15,16,17,18,19



Proposal 2: For Mode-1, the new codebook subsets for full power transmission should include TPMI 16-19 for rank-1 for partial-coherent UEs with DFT-s-OFDM.

Precoders for Full Power Tx in Mode-2
For Mode-2, Rel-15 codebook is reused. Which precoders used for full power transmission depends on the UE capability reporting. If the precoder is already support full power in Rel-15, full power transmission also can be enabled by those precoders in Rel-16. Thus, for Mode-2, we only need to discuss the precoders that cannot support full power transmission in Rel-15, but can support full power transmission in Rel-16.
It has been agreed that for non-coherent UE with 2 ports, both  and  are supported. Then we discuss the precoders for full power with 4-port. 
For non-coherent UE, if the UE is with at least one full-rated PA, then one or multiple precoders , , in rank 1 can support full power transmission. Such as if UE is with 17dBm+23dBm+17dBm+17dBm PAs, then  enables full power transmission, and if UE is with 23dBm+23dBm+17dBm+17dBm, both  and  can be used for full power transmission.
For rank 2,   is for the cases such as UE is with 20dBm+20dBm+17dBm+17dBm. In some cases, such as 20dBm+20dBm+20dBm+17dBm, multiple precoders such as  and  can be used.
For Rank 3, only one precoder  is used for full power transmission for non-coherent UE. 
For rank 4, the current precoder can already support full power transmission.
So, for non-coherent UE with 4Tx, the precoders shown in Table 2 can be used for supporting full power transmission, which depends on UE capability reporting as discussed in Section 3.
Table 2: Codebook subset can be used for full power transmission for non-coherent UE with 4-port SRS resource
	
	Rank 1
	Rank 2
	Rank 3

	For 4-port SRS resource
	, ,
i.e., TPMI=0,1,2,3
	

i.e., TPMI=0,1,2,3,4,5
	
i.e., TPMI=0


For 4Tx partial-coherent UEs, the new precoders for supporting full power transmission for rank 2 and 3 is exactly the same as non-coherent UEs. 
For rank-1, in addition to , ,, it is also possible to use  for the case of 20dBm+17dBm+20dBm+17dBm, and  for the case of  17dBm+20dBm+17dBm+20dBm. 
So, for the partial coherent UEs, the following precoders in Table 3 can support full power transmission, which depend on UE capability reporting as discussed in Section 3. Note that the agreed precoders  and  can also be used for 4Tx UE when 2-port SRS resource are configured.

Table 3: Codebook subset can be used for full power transmission for partial-coherent UE with 4-port SRS resource
	
	Rank 1
	Rank 2
	Rank 3

	For 4-port SRS resource
	, ,
i.e., TPMI=0,1,2,3


i.e., TPMI=4-11
	

i.e., TPMI=0,1,2,3,4,5
	
i.e., TPMI=0


Note that  is a group precoders that corresponds to the same PAs. If one of the precoders can enable full power transmission, other precoders in the same group can be used for full power transmission. If any of  can be used for full power transmission, the rank-2 precoders  are also can support full power transmission. So, in the UE capability reporting, one of precoders can represent the whole group including the related Rank-2 precoders, which will be further explained in the Section 3.
Proposal 3: For Mode 2, in addition to the precoders that already support full power transmission in Rel-15, the precoders in Table 2 and Table 3 should be supported for full power transmission based on UE capability reporting.

UE capability reporting
UE capability reporting aims to let gNB clearly understand how to enable full power transmission. The reported information include not only whether to support full power but also how to schedule full power transmission (i.e., which precoder for full power transmission). Note that the PA architectures and virtualization solutions are UE’s implementation, which will not be disclosed.
For the UL MIMO transmission, the precoding is based on the TPMI indication (Note that full power transmission already supported for Non-codebook based UL transmission from Rel-15, so here only discuss the full power transmission for codebook based UL transmission). To schedule full power transmission, gNB needs to know which precoder/TPMI can support full power transmission. So, reporting the TPMI/TPMI group(s) which can support full power transmission is an easy and direct way to let gNB understand how to enable full power transmission.
By the way, UE PA architecture 1/2/3 (marked as UE capability during the discussion) will not be disclosed by each UE. So, we cannot assume the PA architecture information is known in the design of UE capability reporting. However, whether to use 2Tx or 4Tx codebooks, and whether to use non-coherent/partial-coherent/full-coherent codebook subsets are already reported by UE capability from Rel-15. So, those information is known during the design of UE capability reporting.
Observation 1: PA architecture 1/2/3 cannot be assumed known at gNB in the signaling design.
In Mode 2, there is no new codebook subset introduced for full power transmission, Rel-15 precoders are reused for full power. So, it is not necessary to report the new codebook subset, only need to figure out which precoders can be used for full power transmission. Whether port virtualized or not and how virtualize antenna ports is an UE implementation, UE will not disclose the virtualization information. Actually, in Mode-2, the information of which TPMI/TPMI group(s) can support full power for the UE is sufficient for gNB to schedule full power. For example, if UE reports  can support full power to gNB, then gNB will understand the scheduling with  can be full power transmission, no matter the physical antenna/PA architecture is 23+20dBm or 20+20+17+17dBm, and port virtualized or not.
As agreed that the two precoders  and  are both supported for non-coherent UE with 2-port in Mode-2, then, in the UE capability reporting design, there are four cases: “none of  and  are supported for full power transmission”, “ is supported for full power transmission”, “ is supported for full power transmission”, and “both of  and  are supported full power transmission”. 
So, totally 2-bit for bit-map is sufficient for the UE capability reporting. Merging the case “ is supported for full power transmission” and “ is supported for full power transmission” is no help for reporting overhead or UE complexity reduction. 
Please note that the case that “both of  and  are supported full power transmission” is necessary due to the case that the two ports are virtualized from 4 PAs with 20+20+20+20 dBm. 
Proposal 4: For 2 SRS ports, support at least 2 bits (bit-map) UE capability reporting for the precoders  and .
Similar as 2 ports discussion, for non-coherent UE with 4 ports, 11 precoders for rank1~rank3 may support full power transmission as discussed in section 2.2, which corresponds to different UE PA architectures or virtualization. So, totally 11 bits for bit-map is sufficient for the UE capability reporting. 
Proposal 5: For non-coherent UE with 4 SRS ports, support 11 bits (bit-map) UE capability reporting for the following precoders.
	
	Rank 1
	Rank 2
	Rank 3

	Non-coherent UE with 4 SRS ports
	, ,
i.e., TPMI=0,1,2,3
	

i.e., TPMI=0,1,2,3,4,5
	
i.e., TPMI=0



For 4Tx partially coherent UE, since the group of precoders   mapping to the same antennas, so only 1 bit is needed to indicate the group of precoders can support full power or not. Another 1 bit for the group of precoders  as well. For simplicity, the first precoder/TPMI can be used for representing the TPMI group, i.e., using  and  to represent the above two precoder/TPMI groups. If UE reports  for full power transmission, then gNB can understand any of precoders in the group  can be for full power transmission. Furthermore, as discussed in Section 2.2, if precoder  can enable full power transmission, the rank-2 precoder  also can enable full power transmission, since the two procoders corresponds the same PAs. So, reporting  is sufficient for . The same situation for the precoders  and , UE only needs to report  .
Proposal 6: For partial-coherent UE with 4 SRS ports, support 11 bits (bit-map) UE capability reporting for the following precoders.
	
	Rank 1
	Rank 2
	Rank 3

	Partial-coherent UE with 4 SRS ports
	, ,

TPMI=0,1,2,3,4,8
	

TPMI=0,2,3,5
	
TPMI=0


· If  is reported for full power, the precoders  can also be used for full power.
· If  is reported for full power, the precoders  can also be used for full power.
With the TPMI based UE capability reporting, gNB clearly know how to schedule for full power transmission, and UE also do not need to disclose the exact PA architectures. Actually, with the TPMI for full power transmission reporting, there is no more information should be reported from UE for the case that UE with all PAs are full related PA (i.e., “UE ‘capability’-1”, which is exactly PA architecture 1). 
For example, for 2Tx, if the UE is “UE Capability/Architecture-1”, i.e., all of the PAs are full power related PA, then both  and  can be reported from UE side. gNB can schedule any of reported precoder for full power transmission. For a 4Tx non-coherent UE or partial-coherent UE, all of the precoders listed in Proposal-5 and Proposal-6 can be reported respectively for “UE Capbility-1”. 
With the above discussion, the UE capability reporting structure is simplified as follows: UE reports whether to support Mode-1 and/or Mode-2, and UE also reports TPMIs for full power transmission. If none of the TPMIs is supported and neither Mode-1 nor Mode-2 is supported, then UE cannot support full power transmission.
Overhead analysis for UE capability reporting with TPMI:
The bits for capability reporting is summarized as following: For 2 SRS ports case, as discussed above, there are only two precoders need to be reported, i.e.,  and . For 4Tx, there are totally 11 bits for TPMI/TPMI group reporting for both non-coherent UEs and partial-coherent UEs.
[bookmark: _GoBack]It is worth evaluating, for RRC overhead, the CSI (such as type-II) configuration, how many bits for each band/band combination per UE. The mentioned overheads are much more than reporting 11 bits for RRC here, while UE report the capability only once in very a long time. So, the overhead should not be an issue.
Observation 2: UE capability reporting is RRC signaling and only once for reporting during the connection, so 11 bits reporting overhead should not be an issue.
Bit-width determination for Mode-2
For Mode-2, multiple SRS resources with different number of ports can be configured, so the payload size of Precoding information and number of layers field may change dynamically according to the number of ports of the selected SRS resource. For example, assuming that 2 SRS resources are configured with 4-port and 1-port respectively, when 4-port SRS resource is indicated, a few bits in the Precoding information and number of layers is presented to further indicate the TPMI and layers, while 1-port SRS resource is selected, the Precoding information and number of layers has none bit. Before decoding the DCI, which SRS will be selected (through SRI) is unknown, so the determination of bit-width of Precoding information and number of layers is a problem till now.
To address this issue, a simple way is to determine the bit-width  based on the maximum number of bits of Precoding information and number of layers for a SRS resource among the configured SRS resources. When the SRS resource with less bits is used, some padding bits are required to make sure the total payload size of DCI is maintained the same. 
Proposal 7: In Mode-2, the bit-width of Precoding information and number of layers field should be determined by the maximum number of bits for a SRS resource from the configured SRS resources for codebook based transmission.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]
Summary of discussions
Based on the above discussion, we have the following observation:
Observation 1: PA architecture 1/2/3 cannot be assumed known at gNB in the signaling design.
Observation 2: UE capability reporting is RRC signaling and only once for reporting during the connection, so 11 bits reporting overhead should not be an issue.
Also, we have the following proposals:
Proposal 1: For Mode-1, precoders  and  should be included in the new codebook subset for full power transmission for 4Tx non-coherent UE.
Proposal 2: For Mode-1, the new codebook subsets for full power transmission should include TPMI 16-19 for rank-1 for partial-coherent UEs with DFT-s-OFDM.
Proposal 3: For Mode 2, in addition to the precoders that already support full power transmission in Rel-15, the precoders in Table 2 and Table 3 should be supported for full power transmission based on UE capability reporting.
Proposal 4: For 2 SRS ports, support at least 2 bits (bit-map) UE capability reporting for the precoders  and .
Proposal 5: For non-coherent UE with 4 SRS ports, support 11 bits (bit-map) UE capability reporting for the following precoders.
	
	Rank 1
	Rank 2
	Rank 3

	Non-coherent UE with 4 SRS ports
	, ,
i.e., TPMI=0,1,2,3
	

i.e., TPMI=0,1,2,3,4,5
	
i.e., TPMI=0


Proposal 6: For partial-coherent UE with 4 SRS ports, support 11 bits (bit-map) UE capability reporting for the following precoders.
	
	Rank 1
	Rank 2
	Rank 3

	Partial-coherent UE with 4 SRS ports
	, ,

TPMI=0,1,2,3,4,8
	

TPMI=0,2,3,5
	
TPMI=0


· If  is reported for full power, the precoders  can also be used for full power.
· If  is reported for full power, the precoders  can also be used for full power.
Proposal 7: In Mode-2, the bit-width of Precoding information and number of layers field should be determined by the maximum number of bits for a SRS resource from the configured SRS resources for codebook based transmission.
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Appendix A Precoding matrix in current spec

Table 1: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding disabled in TS 38.211
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-




Table 2: Precoding matrix  for single-layer transmission using four antenna ports with transform precoding enabled in TS 38.211.
	TPMI index
	

(ordered from left to right in increasing order of TPMI index)

	0 – 7
	

	

	

	

	

	

	

	


	8 – 15
	

	

	

	

	

	

	

	


	16 – 23
	

	

	

	

	

	

	

	


	24 – 27
	

	

	

	

	-
	-
	-
	-



Appendix B. Simulation assumptions
	Parameter
	Value

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	Delay spread
	100ns

	System band
	5MHz

	PUSCH RB number
	2

	Channel model
	TDL-C

	UE speed
	3km/h

	UE antenna configurations
	4Tx

	[bookmark: _Hlk478148937]BS antenna configurations
	4Rx

	Receiver
	MMSE

	Link adaptation
	Fixed rank-1 with MCS adaptation

	Maximum transmission power
	23 dBm
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