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1. Introduction
Based on the submitted contribution in this meeting, key issues are summarized in section 2. 

2. Key issues 
2.1. Remaining issues on ‘Mode1’ 
a) For Rank1, include all coherent TPMI precoders
Apple

b) No new TPMI precoders are supported on top of what has been agreed
CATT, LGE

c) For 2Tx non coherent UE, support following additional TPMI precoders
· Rank1: TPMI=4, 5
IDC

d) For 4Tx non coherent UE, support following additional TPMI precoders
· Rank1: TPMI=4, 8
Huawei, HiSi

e) For 4Tx non coherent UE, support following additional TPMI precoders
· Rank1(DFT-s-OFDM): TPMI=16, 17, 24, 27
IDC

f) For 4Tx partial coherent UE, support following additional TPMI precoders
· Rank1(DFT-s-OFDM):  TPMI=16, 17, [18, 19, 24, 27]
OPPO, Huawei, HiSi, ZTE, CMCC, Qualcomm (18, 19)
IDC (24, 27)

g) For 4Tx UE, support following additional TPMI precoder
· Rank1: a new precoder which has not been defined in Rel-15
IDC
h) Antenna-selection TPMIs that can support full power transmission is allowed to transmit with full power in mode 1.
CATT, Huawei, HiSilicon, MTK

Observation:
· Views from companies are very diverse, hence there is no consensus on introducing new TPMI precoders other than what has been agreed in previous meeting from Mode 1.

	Company
	views 

	ZTE
	The ability of partial coherent UE which is to control relative phase between (coherent) antenna ports should be taken into account. Rank 1 TPMI =16, 17, 18, 19 for DFT-s-OFDM waveform cannot be represented by TPMI = 12, 13, 14, 15 which have been already agreed, so it is reasonable to allow Rank 1 TPMI =16, 17, 18, 19 for DFT-s-OFDM waveform UE.
Besides, the non-coherent and partial-coherent UE cannot ensure the relative phase indicated by new allowed TPMIs for full power, and consequently, from the spec perspective, the random/uncontrolled relative phase(s) between TX ports for non-coherent and partial-coherent UE should be specified. 
Proposals: In the full power Mode1, the following should be specified.
•	A partial-coherent 4Tx UE is not expected to maintain relative phase between any of ports {0,2} and any of ports {1,3};
•	A non-coherent 4Tx UE is not expected to maintain relative phase among ports {0,1,2,3}.
•	A non-coherent 2Tx UE is not expected to maintain relative phase between port 0 and port 1.

	CATT
	For 4Tx partial-coherent UE, all the candidate intra-relative-phase of each coherent group is provided by rank 1 TPMI = 12,13,14,15, rank 1 TPMI = 16,17,18,19 are not needed. Although TPMI = 16,17,18,19 provide more combinations of intra-relative-phase between coherent antenna groups, whether performance gain can be achieved is unclear. Besides, if TPMI = 16,17,18,19 is included in the new codebook, the overhead of TPMI indication is increased at least when maxRank = 1.
According to our simulation results, in mode 1, compared with Rel-15 power scaling rule, the performance is improved by allowing antenna selection precoders that can support full-power transmission to transmit with full power. So we propose to allow antenna-selection TPMIs that can support full power transmission to transmit with full power in mode 1.

	LGE
	We have the same view with CATT that for 4Tx partial-coherent UE, TPMI=12,13,14,15 for DFT-s-OFDM is enough to consider QPSK phase for ports which can maintain relative phase. Compare to TPMI=12,13,14,15,  TPMI=16,17,18,19 have different inter group phase where the partial coherent UE cannot maintain relative phase btw groups. In addition, 
if we add TPMI=16,17,18,19 on top of agreed TPMIs, it will increase DCI payload. Thus, if we include more TPMIs, it should be provided clear performance benefit. 

	OPPO
	Support Apple’s proposal a)
For f), support 16,17,18, 19. 

	Intel
	For issue f), we share similar view with CATT and LGE.
How much gain can be provided to support TPMI=16, 17, 18, 19 for DFT-s-OFDM compared with the already agreed TPMI=12, 13, 14, 15?

	DOCOMO
	For 4Tx partial-coherent UE (Rank1, DFT-S-OFDM), the size of DCI bit field to indicate TPMI included in the new codebook subset should not be increased from Rel-15. Hence, we should support following Alt.1 or Alt.2: 
· Alt.1 : For Rank=1 DFT-S-OFDM, the new codebook subset does not support TPMI = 16,17,18,19 for 4Tx partial-coherent UEs.
· Alt.2 : For Rank=1 DFT-S-OFDM, if the UE is configured with single SRS resource (usage = ‘codebook’), the new codebook subset supports TPMI = 16,17,18,19 for 4Tx partial-coherent UEs. Otherwise, the new codebook subset does not support TPMI = 16,17,18,19 for 4Tx partial-coherent UEs.

	Ericsson
	1.	We see no need for additional precoders for non-coherent operation for either 2 Tx or 4 Tx.  In particular, ‘selection’ TPMIs (with fewer non-zero magnitude elements than rows of the precoder matrix) are not suitable for Mode 1, as these are already covered in Mode 2.
2.	For 4tx partially coherent operation in Mode1, we believe it is necessary to clearly define which port pairs (i.e. {0,2}, {1,3}) can combine coherently, otherwise gNB cannot make any assumption and have schedule the UE with random precoder and conservative MCS. Thus, we agree with ZTE proposals.  And as said, the most important one in our view is for the partially coherent case, since it is the least straightforward to derive from the specifications.
3. Regarding the issues to include TPMI=16-19 in the allowed subset for 4Tx partially coherent UE. If the proponents can show that there is a significant performance increase, we could consider the addition. 

	Samsung
	In our view, there is no need to include any new TPMIs (in addition to the ones agreed already). Since phase coherence across ports can’t be guaranteed, any additional TPMI doesn’t bring any performance gain. So, in our view, the new codebooSubset comprises new agreed TPMIs + all TPMIs in R15 codebook.

	Huawei, HiSilicon
	For d) and h): For 4Tx non coherent UE, we support port selection precoders (with TPMI 4,8) for full power. If the UE have the capability, there is no reason to restrict UE cannot do it. We show the significant benefits for the ports selection precoders in our Tdoc, especially for antenna blockage case. One thing should be noted that Mode-1 and Mode-2 cannot be dynamically switched, we cannot leave the port selection precoders only in Mode-2.
For f): For 4Tx partial coherent UE, we support TPMI 16-19 for Rank1 DFT-s-OFDM. The codebook for DFT-s-OFDM is different from codebook for CP-OFDM, it is obvious that there will be performance gain with the TPMI 16~19, otherwise why we design the DFT-S-OFDM codebook with TPMI 16-19 in Rel-15.

	QC
	Our view on mode 1 is that, given this is the last meeting on Rel-16 eMIMO, we should close existing FFS in mode 1. And more importantly, we should not open any new issues in mode 1 with new proposals. To us, there are two FFS in mode 1. FFS1: For 4Tx, Should the antenna selection precoders included in the new codebook subset be required to support PUSCH transmission at full power? Our view is no. As discussed many times in previous meetings, this functionality already exist in mode 2. FFS2: whether include TPMI {16, 17, 18, 19} for DFT-S waveform for 4 Tx partial coherent UE, our view is that they should be included. Besides the above two FFS, we don’t see other open issues needs to be addressed for mode 1.

	CMCC
	There are two FFS points regarding 4Tx in Mode 1. 
The first point is whether to include antenna selection precoders for full power uplink transmission for 4Tx. For 2Tx in Mode 1, it has been agreed that antenna selection precoders are also included in new codebook subset with power scaling defined as in [38.213] Rel-15, that is, antenna selection precoders are not used for full power transmission.  For progress, we think for 4Tx, the same logic could be followed, that is, no need to include antenna selection precoders for full power uplink transmission for 4Tx in Mode 1.
The other FFS point is whether to additional support Rank1 TPMI= 16, 17, 18, 19 for DFT-s-OFDM for 4Tx partial-coherent UE. Considering the different codebook structure for OFDM and DFT-S-OFDM, there is additional benefit to support Rank1 TPMI= 16, 17, 18, 19 for DFT-s-OFDM, otherwise, why it exists in Rel-15.
In addition, we think up to now, there is no final agreement regarding power scaling scheme for 4Tx in mode1. It was agreed in last RAN1 meeting that, 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. We think it can be generalized, that is, for 4Tx in Mode 1 power scaling defined as in [38.213] Rel-15 is reused.



2.2. Remaining issues on ‘Mode 2’
Offline Proposal
a) The size of precoding information and number of layers field in DCI is determined by the maximum number of ports among the SRS resources in the SRS resource set with usage of codebook.
· If the number of ports for a configured SRS resource is less than the maximum SRS port number among the configured SRS resources, the most significant bit(s) shall be reserved or invalid.
b) Power scaling
· No further agreement needed

	Company
	views 

	ZTE
	For a), support.
For b), no more clarification for power scaling is needed, in our views.

	CATT
	Support a)

	LGE
	Support a)

	OPPO
	Support a)
Regarding b), share the same view as ZTE

	Intel
	Support a)

	DOCOMO
	Support a)

	Apple
	a) We are fine 
b) For the SRS resources with less number of ports, e,g, 4 ports with one SRS configured with only 2 ports, we prefer some clarification on the power scaling.

	Ericsson
	On a) Agree that the precoding and number of layers field size can be set by maximum number of SRS ports used for codebook based operation.
On b) Agree with ZTE that Mode 2 power scaling is clear from the RAN1#98bis agreements.

	Samsung
	Same view as others, i.e., supportive of (a), and don’t see any need for (b)

	Huawei, HiSilicon
	For a) Supportive.
For the vivo’s proposal, generally is fine. Just revisit the wording:
· If the number of ports for a SRS resource port number is less than the maximum SRS port number among the configured SRS resources, the most significant bit(s) shall be reserved or invalid
For b), not clear the proposal. 

	MTK
	Support a)

	QC
	Proposal a) is reasonable and we can support it.

	CMCC
	Support a) and b)



UL full power TPMI indication
For 2 ports:
	CMCC
	{TPMI=0}, (1 bit indication)
{TPMI=0}, {TPMI=0,1} (1 bit indication) in the case of 4Tx configured with 2 ports SRS

	Huawei
	2-bit bitmap, 1 bit each for TPMI =0 and 1

	vivo
	TPMI={0, 1} (1 bit)

	Qualcomm 
	2 bits, with 1 bit to indicate whether TPMI=0 can deliver full power, 1 bit to indicate other TPMIs with same number for non-zero ports

	Samsung
	2-bit bitmap




For 4 ports:
	
	
	Rank1
	Rank2
	Rank3
	Bit size

	Huawei
	Non-coherent
	
{TPMI=0},
{TPMI=1}
{TPMI=2},
{TPMI=3}

	
{TPMI=0},
{TPMI=1}
{TPMI=2},
{TPMI=3}
{TPMI=4},
{TPMI=5}

	{TPMI=0}
	

	
	Partial coherent
	
{TPMI=0},
{TPMI=1}
{TPMI=2},
{TPMI=3}
{TPMI=4-7}
{TPMI=8-11}

	
{TPMI=0},
{TPMI=1}
{TPMI=2},
{TPMI=3}
{TPMI=4},
{TPMI=5}

	{TPMI=0}
	

	OPPO
	Non-coherent
	TPMI=0,1,2,3

	TPMI=0,1,2,3,4,5
	TPMI=0
	

	
	Partial coherent
	TPMI=0,1,2,3
(TMPI=4,5,6,7) (TMPI=8,9,10,11)
	TPMI=0, 2, 3, 5

	TPMI=0
	

	Spreadtrum
	Non-coherent
	TPMI=0,1,2,3
	TPMI = 0,1,2,3,4,5
	TPMI=0
	

	
	Partial/non-coherent
	TPMI = 0,1,2,3, {4,5,6,7}, {8,9,10,11}
	TPMI = 0,2,3,5
	TPMI=0
	

	DOCOMO
	Non-coherent
	{TPMI = 0}  { TPMI = 1} { TPMI = 2} { TPMI = 3}
	{TPMI = 0}  { TPMI = 1}  { TPMI = 2} { TPMI = 3} { TPMI = 4} { TPMI = 5}
	{TPMI = 0}(Not reported)
	10 bits

	
	Partial coherent
	{TPMI = 0}  { TPMI = 1} { TPMI = 2}
{ TPMI = 3} { TPMI = 4, 5, 6, 7} { TPMI = 8, 9, 10, 11}
	{TPMI = 0}  { TPMI = 1}(Not reported)
{ TPMI = 2} { TPMI = 3} { TPMI = 4}(Not reported)
{ TPMI = 5}
	{TPMI = 0}(Not reported)
	10 bits

	CMCC
	Non-coherent
	{TPMI=0}, {TPMI=0,1}, {TPMI=0,1,2},
	{TPMI=0}, {TPMI=0,1,3}, {TPMI=0,1,2,3,4,5}
	
	6 bits

	
	Partial coherent
	{TPMI=0}, {TPMI=1}, {TPMI=2}, {TPMI=3}, 
{TPMI=4}, {TPMI=8},
	{TPMI=0},
{TPMI=2},
{TPMI=3},
{TPMI=5},
	{TPMI=0}
	11 bits

	LGE
	Non-coherent
	
	
	
	2- or 4-bit bitmap

	
	Partial coherent
	
	
	
	2- or 4-bit bitmap

	ZTE
	Non-coherent
	TPMI=0,1,2,3
	TPMI=0,1,2,3,4,5
	TPMI=0
	11-bit bitmap

	
	Partial coherent
	TPMI=0,1,2,3, {4, 5, 6, 7}, {8, 9, 10, 11}
	TPMI=0,1,2,3,4,5
	TPMI=0
	11-bit bitmap

	Vivo
	Non-coherent
	TPMI={0-3}
	TPMI={0-5}
	TPMI=0
	3 code points

	
	Partial coherent
	TPMI={0-3}
	1 layer: TPMI={4-11}, and 2 layers: TPMI={0-5}
	TPMI=0
	3 code points

	Intel
	Non-coherent
	{TPMI=0}
{TPMI=0, 1}
{TPMI=0, 1, 2}
	{TPMI=0}
{TPMI=0, 1, 3}
{TPMI=0, 1, 2, 3, 4, 5}
	{TPMI=0}
	bitmap

	
	Partial coherent
	{TPMI=0}
{TPMI=1}
{TPMI=2}
{TPMI=3}
{TPMI=4, 5, 6, 7}
{TPMI=8, 9, 10, 11}
	{TPMI=0}
{TPMI=1}
{TPMI=2}
{TPMI=3}
{TPMI=4}
{TPMI=5}
{TPMI=6, 7, 8, 9, 10, 11, 12, 13}
	{TPMI=0}
{TPMI=1, 2}
	bitmap

	Samsung
	Non-coherent
	{TPMI=0}
{TPMI=1}
{TPMI=2}
{TPMI=3}
	
	
	4

	
	Partial coherent
	{TPMI=0}
{TPMI=1}
{TPMI=2}
{TPMI=3}
{TPMI=4, 5, 6, 7}
{TPMI=8, 9, 10, 11}
	
	
	6

	Qualcomm
	5 bits, with 4-bit bitmap and 1 bit to indicate different grouping scheme

	InterDigital
	For mode 2, a UE should use a bitmap to indicate full power support per SRS resource. 
SRS resource indication represents full power capability for different virtualization/grouping schemes. This is because, a gNB is not aware of UE PA architectures, and it cannot presume all SRS port configuration can support full power transmission. 

	CATT
	1) A signaling for the number of full rated PAs,
2) A signaling indicating that full power transmission is supported by the combination of any two ports.


	Ericsson
	Non-coherent
	{TPMI=0}:4 ports
{TPMI=0,1}: 4 ports
{TPMI=0}: 2 ports
Neither TPMI0 nor TPMI1: 4 ports
Pcmax/2 scaling: 4 ports
	
	
	3 bits:
2 bits for TPMI indication, 1 bit for Pcmax/2 scaling support

	
	· 4 Tx Mode 2 power scaling is according to the following UE capabilities:
· TPMI0 and TPMI1 support transmission at Pcmax for rank 1 with 2 and 4 ports
· TPMI0 supports transmission at Pcmax for rank 1 with 2 and 4 ports
· TPMI0 supports transmission at Pcmax for rank 1 with 2 ports
· Neither TPMI0 nor TPMI1 support transmission at Pcmax for 2 or 4 ports
· Tx UE Mode 2 power scaling is also according to if a UE can transmit at Pcmax/2 with rank 1 for 4 ports
· If so, it also supports rank 3 transmission at Pcmax for 4 ports.
If not, and TPMI0 and TPMI1 are also not supported at Pcmax, then scaling is determined by #non-zero PUSCH port/#SRS ports in the SRS resource that is either indicated by SRI or configured.



Need more discussion
c) For 2 ports, max number of bits to indicate TPMI(s) which can deliver UL full power: 
· Alt 1: 1 bit
· Alt 2: 2 bits
a) For 4 ports, max number of bits to indicate TPMI(s) which can deliver UL full power:
· Alt 1: 4~6 bits
· Alt 2: 11 bits



	Company
	views 

	ZTE
	Considering the forward compatibility, we support the straight-forward bitmap-based approach to report the full Tx power capability, where each bit is to indicate whether the corresponding TPMI/TPMI group can support the full power transmission. 
· Specifically, 2 and 11 bits are sufficient for 2TX and 4TX, respectively (more details can be found in R1-1911932).
· Note that the overhead of this capability report is NOT an essential KPI since the report is based on RRC signaling and is only needed to be transmitted once.

	CATT
	For 2-port transmission, according to the agreement achieved in RAN1 #98bis meeting, one of {TPMI= 0}, {TPMI= 1}, {TPMI= 0,1} should be reported by the UE.
Since the capability signaling is reported per BWP or per CC, large overhead is not expected. Considering typical UE capabilities, for 4-port transmission, the following signaling can be reported:
· 1) A signaling for the number of full rated PAs,
· 2) A signaling indicating that full power transmission is supported by the combination of any two ports.
Note that for a 4Tx UE, the indication on which TPMI(s) supports full power transmission when a SRS resource with 2 ports is configured is needed. 


	LGE
	We prefer bit-map based UE capability signaling. So, for 2Tx, 2bit bitmap is enough, for 4Tx, 11bit bitmap can be baseline for both non/partial coherent UE. If we further reduce the size of bit-map, per port indication (e.g., TPMI=0,1,2,3) based on 4bit will be considered. 

	OPPO
	For 2 Tx:  1 bit is sufficient. No beneficial to introduce additional overhead of 1 bit
For 4 Tx:  2-bit bitmap for 2-port TPMI reporting and 11-bit bitmap for 4-port TMPI reporting

	Intel
	For UE with 4Tx, it should report TPMIs enabling full power for both 4 ports and 2 ports. Thus, the overhead is large. So we suggest some overhead reduction scheme should be considered for Mode 2 capability reporting.

	DOCOMO
	Only when the UE reports both {TPMI = 0} and {TPMI = 1} in codebookSubset = partialAndNonCoherent for Rank = 2, then  {TPMI = 0} in Rank = 3 supports full Tx power. Hence, it is not required to explicitly report {TPMI = 0} in Rank = 3. Similarly, when the UE reports {TPMI = 4,5,6,7} in codebookSubset = partialAndNonCoherent for Rank = 1, explicit signaling of {TPMI = 1} in Rank = 2 is not needed . Further, when the UE reports {TPMI = 8,9,10,11} in codebookSubset = partialAndNonCoherent for Rank = 1, the signaling bit to report {TPMI = 4} in Rank = 2 is not needed.

	Ericsson
	For us, designs should be as simple as possible while providing the majority of the performance gain. Scaling according to the number of ports indicated by SRI already allows full power, and the use of a scale factor of ½ could bring even more gains.  When a subset of ports can deliver full power, TPMI indication can provide gain provides gain on top of this, but it seems quite likely that only a limited number of ports will provide full power in real world PA architectures.  Consequently, indicating only a few TPMIs should be sufficient.
We also need to be realistic and design a capability signaling with reasonable overhead considering that the signaling may be on per band per band combination basis or even per CC per band per band combination basis. I.e., it should be a handful of bits at most. gNB schedulers will have to take into account each of these different TPMI capabilities for each UE served in a cell. Coping with e.g. 2^11=2048 different UE capabilities seems like massive overkill for one relatively simple feature.
The UE TPMI signaling should relate to the space of potential UE PA architectures.  The set of realistic potential UE PA power combinations is not that large in our understanding, say in the range of ~8 to 16 or so (as discussed in R1-1910909) The simple rank independent bitmaps have a high degree of redundancy, since e.g. 11 bits are used when only ~4 bits would be needed to identify 16 PA combinations.
We think it is sufficient to indicate up to 2 TPMIs for 4 ports, and 1 TPMI for 2 ports to support full power operation.  If another bit of capability is used to indicate that the UE can deliver ½ power for rank 1 with 4 ports, the total is 3 bits.
We would ask companies that feel that 11 bits of capability are needed to show the gains of such signaling.  Our simulation results are summarized in R1-1913107, and additional results are available in R1-1910909.

	Samsung
	We should minimize #bits for this indication; since rank 1 is the most important for UL full power, TPMI indication can be restricted to rank 1. Also, TPMI indication for rank 1 can be used for rank > 1. In our view, 2, 4, and 6 bits can be reasonable for 2Tx NC, 4Tx NC, and 4Tx PC, respectively.

	Huawei, HiSilicon
	For 2 ports, Support 2 bits bit-map.
According the previous agreement, both TPMI=0 and TPMI=1 are supported for full power for Mode-2. If only 1 bit to report {TPMI=0}, or {both TPMI=0 and 1}, it is difficult for UE to let gNB know the case of {Non of TPMI=0 and 1} for full power transmission in Mode-2. 
The example is that UE with 17+17+17+17dBm PAs in Mode-2. For the UE, two SRS resources can be configured, one is with 1-port and another is with 2-port (to enable rank-1 and rank-2 scheduling for full power transmission). In the case, UE will report {Non of TPMI=0 and 1} for full power transmission in Mode-2. With 2 bits bit-map, then the two bits are [0 0], then the case can be {Non of TPMI=0 and 1}. 
So, 2 bits are required. We prefer use 2 bits the straight and simply way for TPMI reporting with bit-map, but we are also fine with the version in last meeting from Chairman:
Possible Agreement(in RAN1#98b)
· For 2 ports, support UE in mode 2 to independently indicate the support of the following
· TPMI=0 can deliver full power
· TPMI=1 can deliver full power

For 4 ports, dependent on the different UE architectures, different precoders can be used for full power transmission. So, 11 bits (bit-map) are used for both non-coherent UE and partial-coherent UE. The detailed precoders are shown in the above table. 
For Ericsson’s comments, for 2 ports, we already agreed TPMI=0 and TPMI=1 for full power transmission, not only 1 TPMI. So, the proposal is not aligned with previous agreement. For 4 ports, there are many different PAs architectures, we can not restrict only some PAs architectures can deliver full power transmission in the specs. We also do not want to discuss which PA architectures are important and which is not in the last meeting. Then, for the comments on UE capability overhead, we full agree with ZTE that the 11 bits overhead is a big issue while it is only reported once. Compared Type-II TPMI feedback (hundreds, even thousand bits), 11 bits for capability reporting is not a problem. 

	QC
	For 2 Tx, support 2 bits bitmap.
For 4 Tx, because the UE capability for TPMI grouping for full power support has to be at least per band per band combination (ideally should be per cc per band per band combination for max flexibility), 11 bits is too much from overhead point of view. The total number of bits in capability signaling is B=11 *K*N, where K is the # band in a band combination, and N is the number of band combinations. Obviously, B could be huge number, considering how many band combinations (N) 5G needs to support. And one should notice one band combination can have more than 2 bands, hence K can be 2, 3, 4,… 
Therefore, we definitely need to have options to signal <11 bits under mode 2. As we can see in the FL summary, companies view on this topic is still very diverged. One suggestion to move forward could be supporting all the following three approaches for TPMI signaling
· 1) Use 11-bits bitmap
· 2) Use [4]-bits bitmap
· 3) Use 0-bits bitmap
The UE reports 11-bits bitmap is a baseline UE which cannot switch PA between antenna ports. The UE reports 4-bits bitmap is advanced UE can reduce TPMI capability signaling overhead by taking advantage of more advanced hardware implementation which allows PA switch between antenna ports. The UE use 0-bits bitmap is a special UE which support full power by only virtualizing 4 physical antennas into a single virtual port. In other words, the UE is configured with two SRS resource, one with 4 SRS ports, one with a single SRS port. If NW want UE to deliver full power, schedule rank 1 transmission from the single SRS port. The advantage of 3) is that it completely removes the overhead of TPMI capability signaling.  The 0-bit option may also be interpreted as making the TPMI signaling to be optional for UEs that can support mode 2. 

	CMCC
	We think the overhead of UE capability report should be considered , and we should try to reduce the number of bits required for TPMI reporting. From our perspective,
1) For 2Tx, 1bit is enough
2) For non-coherent 4Tx, 1 bit for 2-port and 6 bits for 4-port
For partial-coherent 4Tx, 1 bit for 2-port and 11 bits for 4-port



Determination of codebookSubset for 2-port SRS resource 
In Rel-15, codebookSubset can be partialAndNonCoherent only for the case of 4 antenna ports. If the network configures a 2-port SRS resource and 4-port SRS resource simultaneously within the SRS resource set for codebook based PUSCH, and configures codebookSubset as partialAndNonCoherent, the problem is which codebook subset the UE shall use for the scheduling of 2 antenna ports?  

For the codebook-based UL PUSCH of a UE configured with a 2-port SRS resource and a 4-port SRS resource for full Tx power transmission, if codebookSubset is configured as partialAndNonCoherent,
· The DCI indicates a TPMI from the nonCoherent subset if the SRI indicates a 2-port SRS resource 

Observation:
· Some companies think it is good to clarify as above, however some other companies think it is not necessary. There is no consensus on including such clarification in spec

	Company
	views 

	OPPO
	Alt.1

	Intel
	Generally we are fine with the proposal.

	Apple
	Alt. 1 seems to be the baseline. For Mode 2 that allows SRS resources with different number of ports, based on our understanding, at least, one of the benefit is for UE to do antenna virtualization and provide sounding for better link adaptation. It is more crucial for us to understand how NW can decide on the SRS configuration, i,e, how many SRS resources and how many ports per SRS resources, based on UE capability reporting.

	Ericsson
	Alt 1 seems to be OK, but we question whether there is a large impact if we do not specify this restriction? 

	Samsung
	This clarification is necessary, so we are supportive of Alt1

	Huawei, HiSilicon
	Understand the discussion, but in spec it seems no need to be restricted. It is up to UE’s reporting, if UE has the capability of full coherent for 4 Ports, but UE side still can report 4 port with partial coherent. In this case, it is possible UE report both 4 port with partial coherent, but 2 port with full coherent.

	CMCC
	We are generally OK with this clarification.





2.3. UE capability signaling 
According to previous agreements following capability signaling are supported:
· Signaling of ULFPTx capability	Comment by TAMRAKAR RAKESH: RAN1#96bis
Agreement
Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· Signaling of Mode1 or Mode 2 capability	Comment by TAMRAKAR RAKESH: RAN1#97
Note: Support of Mode 1, Mode 2 have separate UE capability 

Need more discussion on what other capability signaling and/or signaling design is required
a) UE reports one capability supporting ULFPTx (Mode 0) or Mode 1 or Mode 2
b) UE can report both Mode1 and Mode2 capability
c) For Mode2, UE can report additional capability indicating TPMI specific power scaling
d) UE reports the following capability 
· Mode 0 and mode 1 and mode 2 (e.g. cat-1 UE)
· Mode 1 and mode 2 (e.g. cat-2/3 UE)
· Mode 1 only (e.g. cat-2/3 UE)
· Mode 2 only (e.g. cat-2/3 UE)




	Company
	views 

	InterDigital
	Prefer option b. 
Mode 1 and Mode 2 do not support the same level of performance. For example, by using virtualization, a Mode 2 UE may benefit from a better CSI estimate than when it is configured in Mode 1, while a Mode 1 UE may be more suitable mode for UE power saving. Therefore, if a UE can support both modes, it should be possible to report both, and then let gNB scheduler to determine the most appropriate mode for the UE.

	ZTE
	UE reports capability signaling with the same structure as the recent RRC framework,
· Firstly, UE shall report to support “ULFPTx” or not; 
· Then, if yes, UE shall report which modes or both can be supported; 
· Finally, if UE can support mode 2 or both of “mode1 +mode2”, UE shall reporting which TPMI/TPMI group can support the full Tx power transmission.

	CATT
	It is already agreed that RRC can explicitly configure mode 1 and mode 2. Based on this agreement, bullet (a) is out of the question; otherwise the mode is uniquely determined by UE capability reporting and doesn’t need any RRC configuration. 

Bullet b and c are agreeable. 

	LGE
	Prefer option b. Regarding c), what is the benefit of supporting additional capability signaling on scaling factor. It is already agreed that for Mode2, TPMIs reported by UE will be normalized by 1.

	OPPO
	· UE reports one of {Mode 0, Mode 1 and Mode 2}
· If Mode 2 is reported, additional TMPI-based reporting is needed as well
Regarding Mode 1 and Mode 2, there is no motivation for a UE to implement two completely redundant features. 

	Intel
	Either a) or b) is fine with us.
For c) we don’t think it’s necessary.

	DOCOMO
	As per our understanding, Mode 1 and Mode 2 were defined to handle different use-cases. For instance, Mode 1’s one of the advantages is single SRI bit can select which SRS resource to use. However, in the case of Mode 2, single SRI bit cannot select SRS resource to be used since there are more than two SRS resources supporting different number of SRS ports. Mode 2 enables a UE to be configured with full Tx power UL transmission with antenna selection TPMI precoder. As a result, Mode 2 allows UE to deal with blockage. Since each Mode has different purposes, it is reasonable to allow reporting multiple Modes by capability-2 and capability-3 UEs (i.e. the UE can report Mode 1, Mode 2 or both Mode 1 and Mode 2). Then, if a UE reports supporting of both Mode 1 and Mode 2, it should report TPMI group(s) enabling full Tx power UL transmission for Mode 2.

	Apple
	We slightly prefer a.), but we are open for discussion. 

	Ericsson
	a)	Indicate ‘mode 0’, mode 1, and mode 2 as capabilities: these are 3 different behaviors and best represented as 3 different capabilities. These could for instance be three independent one-bit indications reported per-UE.
b)	We can leave whether a UE supports both Mode 1 and Mode 2 up to UE vendors to decide.  We would like to understand better why a UE would support both, however.  Simply saying ‘forward compatibility’ does not really explain much…
c)	‘Capability 2’ UEs may not support full power TPMIs, and so it seems clear than the minimum number of full power TPMIs supported by capability signaling should be zero.  Then if it is up to RAN2 to if they find it beneficial to exploit this to reduce signaling.

	Samsung
	Same view as OPPO, in practice, a UE will implement one of the three solutions, not multiple of them. Re CATT’s comment, RRC parameter can configure mode1 or mode 2, but according to the agreement, this configuration is subject to UE capability.

	Huawei, HiSilicon
	Support b), i.e., both Mode-1 and Mode-2 can be reported.
For a), The Mode-0 is not need to be reported, while Mode-0 is only supported by Cap-1 UEs, each precoder can full power transmission. Since the TPMIs for full power will be reported, so automatically all the TPMIs (which is not supported full power in Rel-15, but can be full power in Rel-16) are reported for Cap-1 case.
For b), Both Mode-1 and Mode-2 can be reported by UE. From UE side, if UE have the capability for supporting both of the two modes, no reason to restrict it. From NW, if the UE support both, then gNB can flexible to configure the Modes. For example, in the case antenna-blockage, the Mode-2 will be more proper to be used. If the number SRS resources are limited, then Mode-1 may be used. It should be noted that the feature for supporting both of them are optional.
For c), It is already agreed that the scaling factor is 1 for the reported TPMIs in Mode-2. As discussed in last meeting, we also have some concern on whether disclose all UE’s architectures (and discuss which PA architecture is important or not) and how many cases (bits) needed to be added for the reporting.
For d), the Mode-0 is not needed, the same concern in the comments for a).

	MTK
	Support a) and b)

	QC
	The proposals are a bit unclear to us. Can FL please clarify these are different options that we have to down-selection to one or a subset or all these are proposed as a package? It is a little hard to see how to put a) b) c) d) together

Another missing aspect in this proposal is that, the granularity of the capability signaling is not defined. We think the capability should be at least per band per band combination. Ideally, it should be per CC per band per band combination.

	CMCC
	We support b). We see different use cases for Mode 1 and Mode 2.




2.4. others

a) RRC parameters are configured per UL BWP
CATT, Qualcomm
b) Rel-16 UL full power transmission feature is not supported for the UEs capable of full-coherent
Spreadtrum, Samsung, vivo, 
c) gNB can configure to operate in Mode1 or Mode2 for Cap-1 UE 
CATT
d) Rel-16 UL full power transmission support for any power class
Support: Qualcomm
RAN4 to decide, send LS to RAN4: vivo
Observation:
· Item a) above seems obvious, while there are no consensus on other items. 


	Company
	views 

	CATT
	For b), it is unclear where the boundary of “transmission feature” is. In our view new codebook subsets or power scaling rule are not needed for full coherent UE. We would like to further discuss some of the mode 2 aspects (e.g. more SRS resources or different SRS ports) for coherent UE. 
For d), support. 

For C), 
· Each PA of category-1 UE is full-power (e.g. 23dB), and PA of category-2 and cat-3 UEs are non-full-power (e.g. 17/20). From a UE capability perspective, a category-1 UE with high-power PA can certainly operate in mode ½ which are specified on the assumption of of low-power PA. 
· It should be up to NW to configure the actual transmission mode (e.g. mode 0, or mode 1/2) for a cat-1 UE. For instance the NW may configure cat-1 UE in mode 1 to exploit the lower DCI overhead of mode 1, or in mode 2 to exploit SRS virtualization gain. 
· It has always been the 3GPP principle that a high-capability UE can be configured to operate as a low-capability UE. For instance an 8Tx UE can be configured with 1/2/4 port CSI-RS and operate under 1/2/4 DL MIMO, not just hardwired in 8Tx transmission. There is no technical reason to deviate from this principle.



	OPPO
	Support a) and b)
Not support c)

	Ericsson
	a), It is natural to configure ULFPTX config in PUSCH-Config which is given per UL BWP, in fact so is already done in the RAN2 RRC running CR in our knowledge.

b) We prefer to have full power supported in mode 2 for fully coherent UEs, since rel-15 4 Tx loses 3 dB when configured for 2 ports. Using SRI with 2 ports in mode 2 for such a UE is well suited to solve this Rel-15 problem with fully coherent UEs. Support for mode 2 in full power UEs would naturally be a separate UE capability.

c) We see no reason why a UE identifying itself as ‘Capability 1’ UE would operate in mode 1 or mode 2.  The scaling for Cap-1 UEs is such that the ‘power saving TPMIs’ deliver full power.  Modes 1 and 2 allow power saving, and such a UE can support power saving TPMIs if desired in those modes.

d) We have not taken power class as a factor in the UL full power designs in RAN1, which is proper since power class is not a RAN1 issue. RAN4 have already made decisions on UE PA architectures supported by e.g. power class 2, and it is for them to decide how to define and test power class. In our understanding, these discussions are ongoing now even for Rel-15, and we do not need to muddy these Rel-15 discussions with Rel-16 issues. Therefore, we do not need an LS to RAN4, and expect it could actually be counterproductive by confusing Rel-16 issues with ongoing Rel-15 discussions in RAN4.

	Huawei, HiSilicon
	For b), No need for the restriction. Since UE with full-coherent, 23+23dB PAs, if with the restriction, then only [1 1] for full power transmission, but actually [1 0] and [0 1] is also can be full power which is more efficient for full power transmission in the case of antenna blockage. 
For c), Cap-1 UE may report Mode-1 or Mode-2 or both, gNB can configure Mode-1 or Mode-2 by RRC.
For d), Supportive. The full power should be available for any power class. 

	MTK
	Not support b), We agree with CATT/Ericsson.
Multiple SRS resources with different SRS ports in mode 2 can be useful for coherent

	QC
	On a), we support this proposal, with the following reason. 
Since # SRS port configuration is already per UL BWP, different BWP can be configured with different number of TX ports. “ULFPTx” and “ULFPTxModes” have to be per UL BWP to match with SRS configuration. A simple example to explain the reason. If a UE has 23+23+17+17dBm PAs, in BWP 1 which configured with 4 SRS ports, UE may support mode 1 or mode 2 or even not able to support full power. However, in BWP 2 which configured with 2 SRS ports, UE can support full power with mode 0. 

On b) we disagree with the proposal. We don’t see why not extend, given RAN1 specification effort is almost zero. 

On d), we are OK to send LS to RAN4. And we think the LS should capture this situation in RAN1: The Rel-16 full power UL transmission schemes specified in RAN1 for power class 3 can be extended other power classes without more work in RAN1.

	CMCC
	We support d). From RAN1 perspective, Rel-16 specified full power UL transmission schemes can support both power class 2 and 3. Additional LS to RAN4 may be not needed.




3. Previous agrements
RAN1#94bis agreements
Agreement
Consider the following potential solutions and other solutions (such as combination of the solutions below) for UL full power transmission. Decision will be made in RAN1#95:
Option 1: Refinement/adjustment of UL codebook is supported
· 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
· 1-2: Introduce additional scaling factor for uplink codebook
Option 2: UE transparently apply a small cyclic or linear delay
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s)
· Note: Full rated PA refers to a PA having power not lower than that of the power class
Option 4: Up to UE implementation (no specification impact)

RAN1#95 agreements
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs
· This specification support is a UE optional feature
· FFS: Whether this applies for the entire codebook or subset of codebook

Agreement
Full TX power UL transmission, one additional option (option 5) is added

Option5: For the precoders with 0 entries, the linear value  of a PUSCH transmission power is scaled by a ratio Rel-16.  The value of Rel-16 is selected up to UE implementation within the range of [Rel-15, 1],  where Rel-15 is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the number of configured antenna ports for the PUSCH transmission scheme as defined in NR Rel-15 specification.  
· UE is required to maintain consistent Rel-16 value on different occasions of PUSCH transmissions with the same precoder for PUSCH

Agreement
Full TX power UL transmission, option 4 is updated as follows
Option 4: Up to UE implementation with UE capability signalling of full power transmission in UL (no specification impact)

For guidance in future RAN1 discussions:
Understanding of antenna virtualization for ease of discussion (not for specification):
· A UE forms an antenna port by transmitting on one or more TX chains (each with a power amplifier)

RAN1#AH1901 agreements
Agreement
Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported with a new UE capability 
· FFS: detailed power scaling description 
· Note: Full Tx power means UE delivers total power of 23dBm for PC3
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power with the new UE capability 
· FFS: detailed design
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported with a new UE capability
FFS: Whether all three capabilities will be specified or a subset will be specified
FFS: UE capability signalling/reporting details
Note: Two or more of the above capabilities could be merged depending on the further details
Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability (Rakesh, vivo).

The LS is endorsed in principle with revisions. LS is endorsed in R1-1901440

RAN1#96 agreements
Agreement
Note: UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.
At least for PC3, UE capability 1, 3 can support full power transmission.
Working assumption: For PC3, UE capability 2 can support full power transmission.
· Companies to check for any implementation issues and/or performance of Rel-16 full power transmission compared to Rel-15 non-coherent codebook subset uplink transmission)

Agreement
Down select among the following two alternatives by RAN1#96bis. As part of UE capabilities signalled the following is included:
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Alt3: UE capability signaling of power scaling schemes for full uplink power transmission
· Note: This does not imply any restriction on UE antenna virtualization
· FFS: Whether full uplink power transmission needs to be supported for all precoders

RAN1#96bis agreements
Agreement
For the the 2TX and 4TX case, the linear value of power after power scaling, is divided equally among the non-zero PUSCH ports
· The above applies for the cases including when UE transmitting at P_c_max
Agreement
Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2
Agreement
Regardless of UE capability 1, 2, or 3, signalling of “UL full power tx capability” is supported for UEs with full power uplink transmission capability
· FFS: For UE capability 1, if any other information is necessary
· For UE capability 2 and UE capability 3, in addition to signalling “UL full power tx capability”, further information on UE capability are signalled if needed
· FFS: Details such as support of UE capability signaling of supported one or group of TPMI precoder(s) for full power transmission, support different number of SRS ports for resources for codebook, and other UE capability signaling can be introduced
· FFS: Whether full uplink TX power capability can be explicitly/implicitly derived from the TPMI/TPMI group precoders for full power transmission
UEs with full power uplink transmissions are those Rel-16 UEs which can transmit at full power at least for rank1
The signalling of above information does not imply any specific UE PA architecture implementation.
Agreement
RAN1 will select one of the alternative solutions below to support UE capability 2. Further clarification or details are needed for Alt1, Alt3-1, Alt3-2, and Alt5. Email discussion by 17th of April for companies to provide clarification on Alt1, Alt3-1, Alt3-2, and Alt5. To be coordinated by Rakesh (vivo).
· Alt1: Option1-1 (Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs, e.g. for 2Tx the new codeboookSubset is all non-antenna selection TPMIs or with only TPMI [1 1] for rank 1)
· Alt3-1: Option3+Option2 (Multiple SRS resources with different number of SRS port(s) in each resource)
· FFS: Whether to additionally support Option 1-2
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
· Alt5: FDM multi-port simultaneous transmission

RAN1#97 agreements
Working Assumption
Support following scheme for UL full power Tx for UE capability 2 and 3:
· A UE can be configured for one of two modes of full power operation to support ‘Capability 2’ and ‘Capability 3’ subject to UE capability
· A UE can be configured by the network to support full power transmission 
· Mode 1: The UE can be configured with one or more SRS resources with same number of SRS ports (according to Rel-15) within an SRS resource set which usage is set to ‘codebook’
· gNB can configure the UE to use a subset of TPMIs that combine ports in a layer to produce full power transmission.
· A new codebookSubset is introduced only for the rank value(s) where full power transmission in UL is not achievable includes the TPMI precoders in fullyAndPartialAndNonCoherent defined in Rel-15
· FFS: At least a subset of the non-antenna selection TPMI precoder(s) is(are) supported 
· FFS: Additional support of antenna selection TPMI precoders
· Note: as non-coherent UE, it is not capable of maintaining relative phase of antenna ports according to TPMI
· Mode 2: The UE can be configured with one SRS resource or multiple SRS resources with different number of SRS ports within a SRS resource set which usage is set to ‘codebook’
· UE transmits SRS and PUSCH in same manner, whether antenna virtualization is used or not
· Rel-15 codebooks and codebook subsets are used
· Note: Antenna selection precoder can be used to enable full power related PA(s) to produce full power transmission for Capability-3 UE.
· UL full power Tx is achieved for PUSCH transmission according to indicated SRI and/or TPMI
· A set of TPMIs that deliver full power can be signalled by the UE in order to support at least  UEcap3, for SRS resource with more than 1 ports, 
· e.g. For SRI indicating SRS resource with 1 port then single layer PUSCH is transmitted with full power in same manner as single port SRS, if SRI indicating SRS resource with multiple ports is signalled based on Rel-15 MIMO behaviour (transmission rank indicator, TPMI indicator, etc) except the power scaling aspects
· The following cases are not precluded
· For example, for 4TX on UE side (with 20+20+17+17dBm) virtualized as 2 SRS ports, full uplink power transmission can be enabled by precoder [1 0] or [0 1]
· FFS: number of SRS resources supported 
· 2 
· 3 
· FFS: for 4 Tx, how many different TPMIs/TPMI groups support full power
· FFS: any rules for spatial filter update for the SRS resources with different number ports
Note: How to capture the behaviour for ‘Mode 1’ and ‘Mode 2’ in specifications is TBD
Note: For single port, there is no SRI and TPMI
Note: Support of Mode 1, Mode 2 have separate UE capability 

RAN1#98 agreements
Agreement
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

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

Agreement
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.

Agreement
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

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’

RAN1#98bis agreements
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

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 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 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 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
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