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1. Introduction
[bookmark: _Hlk524526354]In this contribution, we discuss the remaining issues on Full Tx Power UL transmission.
2. UE capability signaling in the case of supporting both Mode 1 and Mode 2
2.1 Reporting of “both Mode 1 and Mode 2” for capability-2/capability-3 UEs
In RAN1#97 meeting, the following working assumption was made as a solution to achieve full Tx power in the UL for capability-2 and capability-3 UEs.
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

In the working assumption, it’s not clear whether both Mode 1 and Mode 2 can be reported by capability-2 and capability-3 UEs. As per our understanding, Mode 1 and Mode 2 were defined to handle different use-cases. For instance, Mode 1 enables a UE to be configured with full Tx power UL transmission with one or two SRS resources which are of the same size as Rel-15 configurable SRI field. So, 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).
Moreover, in the description of working assumption, it is captured that “A UE can be configured for one of two modes of full Tx power operation to support ‘Capability-2’ and ‘Capability-3’ subject to UE capability”. As per our understanding this clarification tells that since NW can configure one of two modes based on the information of UE capability, the UE can report both Mode 1 and Mode 2.
Observation 1:
· Capability-2/capability-3 UEs can report supporting of Mode 1, Mode 2 or both Mode 1 and Mode 2.

2.2 Capability Signaling for a UE supporting both Mode 1 and Mode 2
When a UE supports Mode 2, the TPMI group(s) enabling full Tx power is(are) reported as shown in Figure 1. However, it is not clear whether the UE supporting both Mode 1 and Mode 2 reports TPMI group(s) enabling full Tx power UL transmission or not. As per our understanding, there are no agreements regarding this issue. For example, even if the capability-3 UE supports both Mode 1 and Mode 2, the UE cannot transmit PUSCH with full Tx power without reporting TPMI group(s). Hence, if a UE supporting both Mode 1 and Mode 2 is configured with Mode 1, the UE cannot transmit PUSCH with full power by using antenna selection TPMI precoder. In this case, NW has to configure Mode 2 for the UE in order to determine TPMI to achieve full power transmission by the UE. Therefore, if a UE supports Mode 2 or both Mode 1 and Mode 2, the UE should report TPMI group(s) enabling full Tx power.
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Figure 1: Information of UE capability and RRC signalling for Mode 1/Mode 2 UEs

Proposal 1: 
· 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.
3. UE capability signaling of TPMI group(s) enabling full Tx power for 4Tx Mode 2 UE
As we discussed previously, capability-2 and capability-3 UEs report TPMI group(s) which can be used to achieve full Tx power UL transmission for Mode 2 operation. In particular, it is necessary to identify TPMI group(s) which can provide full Tx power in the UL for different PA architectures and different ranks. In the last meeting, TPMI groupings were agreed for some cases as shown in Table 1.

Table 1: Agreed TPMI groups enabling full Tx power UL transmission for Mode 2
	Number of SRS-Ports indicated by SRI
	codebookSubset = 
	Codebooks which support full Tx power
({TPMI = x, y, …} corresponds to one TPMI or TPMI group which is indicated by 1 bit)

	
	
	Rank = 1
	Rank = 2
	Rank = 3

	2 ports
	nonCoherent
	{TPMI = 0}
{TPMI = 1}
	
	

	4 ports
	nonCoherent
	
	
	

	
	partialAndNonCoherent
	To be discussed in RAN1#99 meeting

	
	



As per Table 1, it is required to discuss TPMI group(s) for the cases of 4 ports non-coherent and partial-coherent capable UEs. Next, we discuss possible solutions for TPMI grouping for these two cases. Note that, it was agreed that Mode 2 supports full Tx power UL transmission with antenna selection TPMI precoder. Regarding TPMI grouping schemes, there are two candidate solutions which were discussed in the previous meeting:
· Alt.1: Bitmap based TPMI grouping
· Alt.2: Combination based TPMI grouping
In this section we compare more efficient TPMI grouping schemes (i.e. lower overhead than Alt.1) as following overhead and performance perspective.
· Alt.3: Bitmap based TPMI grouping by exploiting relation between TPMI groups in different ranks
· Alt.4: Combination based TPMI grouping under Comparison of precoding gain in case of Tx power balance/imbalance among antenna ports

Alt.1 Bitmap based TPMI grouping
In the previous meeting, some schemes to report TPMI group(s) were proposed. Bitmap based scheme reports all TPMIs enabling full Tx power. Other scheme reports the combination of antenna ports enabling full Tx power. As captured in Table 2, bitmap based capability signaling needs 11bits for non-coherent capable UEs and 13bits for partial-coherent capable UEs. We believe that all of TPMIs enabling full Tx power UL transmission should be reported as shown in Table 2. Note that, these groupings have considered all possible PA architectures for 4-ports. Even though Table 2 (i.e. Alt.1) captures all possible TPMI groups which enable UL full Tx power for 4-port UE (irrespective of the PA architecture), the reporting bitmap size seems to be large.


Table 2: Candidate TPMI grouping with bitmap based scheme
	Number of SRS-Ports indicated by SRI
	codebookSubset = 
	Codebooks which support full Tx power
({TPMI = x, y, …} corresponds to one TPMI or TPMI group which is indicated by 1 bit)

	
	
	Rank = 1
	Rank = 2
	Rank = 3

	4 ports
	nonCoherent
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4}
{TPMI = 5}
	{TPMI = 0}

	
	partialAndNonCoherent
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4,5,6,7,8}
{TPMI = 9,10,11,12}
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4}
{TPMI = 5}
	{TPMI = 0}



Alt.2 Combination based TPMI grouping
The combination based scheme has the advantage of smaller overhead than bitmap based scheme. For example, the combination based scheme which has only 4 bit signaling with TPMI = 0, 1, 2, 3 in Rank = 1 (i.e. ) was proposed in the previous meeting. The non-zero antenna port corresponds to the full rated PA. Then, when the UE reports TPMI = 0 and 1, NW can understand “the UE has full rated PAs which are located to port 0 and port 1”. Note that, capability-3 UE can have PA architectures [23 20 20 20], [23 17 17 17] and so on. Then, [23 20 20 20] and [23 17 17 17] support full Tx power with different precoders (e.g. For Rank = 1, [23 20 20 20] supports full Tx power with TPMI = 4, 5, …, 11. [23 17 17 17] does not support full Tx power with TPMI = 4, 5, …, 11.). Since NW cannot distinguish between [23 20 20 20] and [23 17 17 17] with this approach, we do not prefer the combination scheme based on full rated PA(s) location (i.e. Alt.2). 
Next, we discuss, how to reduce the bitmap size by exploiting relations between TPMI groups in different ranks. 

Alt.3 Bitmap based TPMI grouping by exploiting relation between TPMI groups in different ranks
Let us first look at how many different PA architectures can be there for 4Tx capability-3 UE assuming possible power ratings for PAs are 23 dBm, 20 dBm and 17 dBm, i.e,  where . In fact, there are  PA architectures all together representing capability-1, -2, and -3 UEs. Note that, for capability-3 UE, there should be at least one PA with 23dBm PA. Hence, we have to remove all PA architectures without having at least one 23dBm PA (i.e. capability-2). It’s expressed as  where , and there are  combinations. Also, we need to remove [23 23 23 23] dBm combination since this combination means capability-1 UE. Hence, the total number of PA architectures for 4Tx capability-3 UE is 81-16-1=64 as shown in Table A-I and Table A-II in the appendix. Note that, the candidate solution of TPMI grouping with antenna combination scheme (i.e. Alt.2) does not support all combination of PA architectures from Table A-I and Table A-II. 
On that other hand, as captured in Table 2, in the combination based TPMI grouping (i.e. Alt.1), the UE reports TPMI groups for each Rank. However, note that (based on Table A-I and Table A-II in appendix) if the UE reports both TPMI = 0 and TPMI = 1 as full power TPMIs for Rank 2 (i.e. ), all of first to third antenna ports has at least 20dBm PA for PC3 UE. In the case of Rank 3, first to third antenna ports need to be equipped with at least 18.24dBm PA for PC3 UE to support full Tx power by non-coherent TPMI = 0 (i.e. ). This implicitly means that when the UE reports both TPMI = 0 and TPMI = 1 in Rank 2, Rank3 TPMI = 0 is also supported for full Tx power by that UE. In fact, as can be observed from Table A-I and Table A-II, this is a one-to-one correspondence. Hence, as captured in Table 3, based on this fact, only 12bits are enough for 4Tx partial-coherent UE to report TPMI groups. 
Table 3: (Proposal) TPMI groups enabling full Tx power UL transmission for Mode 2
	Number of SRS-Ports indicated by SRI
	codebookSubset = 
	Codebooks which support full Tx power
({TPMI = x, y, …} corresponds to one TPMI or TPMI group which is indicated by 1 bit)

	
	
	Rank = 1
	Rank = 2
	Rank = 3

	4 ports
	nonCoherent
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4}
{TPMI = 5}
	{TPMI = 0}
(Not reported explicitly)

	
	partialAndNonCoherent
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4,5,6,7,8}
{TPMI = 9,10,11,12}
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4}
{TPMI = 5}
	{TPMI = 0}
(Not reported explicitly)



Alt.4 Combination based TPMI grouping under Tx power imbalance among antenna ports
Let us consider the following scenarios: (Assumption.1) A PC3 UE has [23, 20, 20, 20] dBm PAs, and the total tx power is equally split between non-zero PUSCH antenna ports similar to Rel-15. (Assumption.2) A PC3 UE has [23, 17, 17, 17] dBm, and the total tx power is not equally split between non-zero PUSCH antenna ports. (Assumption.3) A PC3 UE has [23, 20, 20, 20] dBm, and the total tx power is not equally split between non-zero PUSCH antenna ports. When the partial-coherent UE indicates TPMI = 4 (e.g. ) enabling full Tx power, in assumption.1, the total tx power (e.g. 23dBm) is split equally between first antenna port (e.g. 20dBm) and third antenna port (e.g. 20dBm). In assumption.2, the total tx power (e.g. 23dBm) is split between first antenna port (e.g. 22dBm) and third antenna port (e.g. 16dBm) since the third antenna port cannot transmit PUSCH with 20dBm (maximum output is 17dBm), and the ratio of maximum output tx power is 4:1. In assumption.3, the total tx power (e.g. 23dBm) is split between first antenna port (e.g. 21.2dBm) and third antenna port (e.g. 18.2dBm) since the ratio of maximum output tx power is 2:1. In these cases, precoding gain (after normalization) can be calculated as follows:

Assumption.1: 
Assumption.2: 
Assumption.3: 

where x is Tx signal transmitted from each antenna. From the calculation results, we can observe the degradation value of precoding gain as  between assumption.1 and assumption.3 and  between assumption.2 and assumption.3.
Based on the above discussion, if we accept this Tx power imbalance, TPMI grouping for partial-coherent UE can be revised as shown in Table 4 (i.e. Alt.4). This TPMI grouping has 10bits signaling for 4Tx partial-coherent UE.

Table 4: Candidate TPMI grouping with compressed combination based scheme
	Number of SRS-Ports indicated by SRI
	codebookSubset = 
	Codebooks which support full Tx power
({TPMI = x, y, …} corresponds to one TPMI or TPMI group which is indicated by 1 bit)

	
	
	Rank = 1
	Rank = 2

	4 ports
	partialAndNonCoherent
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
	{TPMI = 0}
{TPMI = 1}
{TPMI = 2}
{TPMI = 3}
{TPMI = 4}
{TPMI = 5}



Finally, we compare Alt.1, Alt.2, Alt.3 and Alt.4. For example, Alt.1 needs 13bits, Alt.2 needs 4bits, Alt.3 needs 12bits, and Alt.4 needs 10bits for 4Tx partial-coherent capable UE. From perspective of signaling overhead, Alt.2 seems to be best scheme within these alternatives. However, since Alt.2 supports a part of all combinations of PA architecture, we do not prefer Alt.2. From perspective of precoding gain, Alt.4 has the degradation of precoding gain. Since we do not accept the degradation derived from power imbalance issue, Alt.4 is not preferable scheme. Compare Alt.1 (13bits signaling scheme) with Alt.3 (12bits signaling scheme), Alt.3 requires fewer signaling bits than Alt.1’s signaling bit. Therefore, we believe Alt.3 is the best scheme among Alt.1 to Alt.4.
Observation 2: 
· For Mode 2 partial-coherent capable UE,
· Alt.1 (Bitmap based TPMI grouping) can capture all possible TPMI groups which enable UL full Tx power for 4-port UE (irrespective of the PA architecture), the reporting bitmap size is 13bits.
· Alt.2 (Combination based TPMI grouping) cannot capture all possible TPMI groups which enable UL full Tx power for 4-port UE, the reporting bitmap size is 4bits.
· Alt.3 (Bitmap based TPMI grouping by exploiting relation between TPMI groups in different ranks) can capture all possible TPMI groups which enable UL full Tx power for 4-port UE (irrespective of the PA architecture), the reporting bitmap size is 12bits.
· Alt.4 (Combination based TPMI grouping under Tx power imbalance among antenna ports) can capture all possible TPMI groups which enable UL full Tx power for 4-port UE, the reporting bitmap size is 10bits. The UE has degradation of precoding gain.

Based on the above discussion, we propose Alt.3 as the following.
Proposal 2: 
·  For Mode 2 and 4 antenna ports,  support TPMI group(s) enabling full Tx power UL as following;
· For codebookSubset = nonCoherent and Rank = 1: 4bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}
· For codebookSubset = nonCoherent and Rank = 2: 6bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}{ TPMI = 4}{ TPMI = 5}
· For codebookSubset = nonCoherent and Rank = 3: The signaling bit is not required.
· Note: When the UE reports both {TPMI = 0} and {TPMI = 1} in codebookSubset = partialAndNonCoherent and Rank = 2, it means that {TPMI = 0} in Rank = 3 supports full Tx power.
· For codebookSubset = partialAndNonCoherent and Rank = 1, 6 bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}{ TPMI = 4, 5, 6, 7}{ TPMI = 8, 9, 10, 11}
· For codebookSubset = partialAndNonCoherent and Rank = 2, 6 bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}{ TPMI = 4}{ TPMI = 5}
· For codebookSubset = partialAndNonCoherent and Rank = 3: No signaling bit is required.
· When the UE reports both {TPMI = 0} and {TPMI = 1} in codebookSubset = partialAndNonCoherent and Rank = 2, it means that {TPMI = 0} in Rank = 3 supports full Tx power.

4. New codebook subset for 4Tx partial-coherent UEs in Mode 1
In RAN1#98bis meeting, following agreement was made regarding new codebook subset for 4-Tx partial coherent UEs in Mode 1
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

When the UE is configured with transform precoding = ‘disabled’, TPMI 16, 17, 18, 19 can be generated from TPMI 12, 13, 14, 15 * [1,j,1,j], TPMI 20, 21, 22, 23 can be generated from TPMI 12, 13, 14, 15 * [1,-1,1,-1], and TPMI 24, 25, 26, 27 can be generated from TPMI 12, 13, 14, 15 * [1,-j,1,-j]. So, in the case of CP-OFDM, TPMI = 12, 13, 14, 15 are enough for new codebook subset. 
On the other hand, when the UE is configured with transform precoding = ‘enabled’, the UE cannot generate all other precoders (TPMI = 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27) by applying same phase rotation across coherent antenna ports. For example, TPMI 16,17,18,19 can be generated from TPMI 12, 13, 14, 15 * [1,j,1,-j]. Note here that, the phase rotation is different across coherent antenna ports, i.e., different phase rotations need to be applied across coherent antenna ports 0 and 2. Hence, TPMI 16, 17, 18, 19 cannot be generated from TPMI 12, 13, 14, 15. Below we capture, Table 7.3.1.1.2-3 from TS 38.212 which captures precoding information and number of layers for PUSCH transmission. Note that there are only four status as reserved bit. Hence, if TPMI = 16, 17, 18, 19 are included in the new codebook subset in addition to TPMI = 12, 13, 14, 15, the size of DCI bit field to indicate TPMI increases by 1 bit. As per our view, if the size of DCI increases, the UE has smaller uplink coverage than the uplink coverage of Rel-15 UE. Then, we believe that the size of DCI bit field to indicate TPMI included in the new codebook subset should not be increased from Rel-15.
By the way, in case the UE is configured with single SRS resource (usage = ‘codebook’), SRI field (1 bit) in DCI is not existed. Therefore, TPMI = 16, 17, 18, 19 should be restricted to the UE configured with single SRS resource (usage = ‘codebook’) to maintain the total size of TPMI and SRI fields from Rel-15.
Table 7.3.1.1.2-3: From TS38.212, Precoding information and number of layers for 4 antenna ports, if transform precoder is enabled, or if transform precoder is disabled and maxRank = 1

[image: ]

Based on the above discussion, we propose the following:
Proposal 3: 
· For 4Tx partial-coherent UEs (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.
· The following two alternatives can be considered;
· Alt.1. In Rank1 DFT-S-OFDM, the new codebook subset does not support TPMI = 16,17,18,19 for 4Tx partial-coherent UEs.
· Alt.2. In Rank1 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.
5. Whether antenna selection TPMI precoder support full Tx power or not for 4Tx Mode 1 UE
In RAN1#98bis meeting, the following agreement was made.
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

For Mode 1, there is remaining issue whether antenna selection TPMI precoder supports full Tx power or not. In our understanding, a UE need to report TPMI group(s) enabling full Tx power so that the UE can support full Tx power with antenna selection TPMI precoder. In the case of a UE supporting both Mode 1 and Mode 2, if the UE reports TPMI group(s) enabling full Tx power, we believe that the UE should support full Tx power with antenna selection TPMI precoder. In the case of a UE supporting Mode 1 only, we believe that the UE should not support full Tx power with antenna selection TPMI precoder (i.e. the UE assumes Rel-15 UE behavior). As we mentioned motivation of Mode 1 and Mode 2 in section.2, each Mode has different use-case (i.e. Mode 1: full Tx power with smaller signaling overhead, Mode 2: full Tx power by using any TPMIs including antenna selection and non-antenna selection precoders). If a UE supporting Mode 1 only supports full Tx power with antenna selection TPMI precoder, we believe that Mode 1 and Mode 2 are overlapped regarding supporting function are unreasonable. In terms of specification, it is not preferable that some capabilities are specified to achieve the same function. Therefore, we propose the following proposals.
Proposal 4: 
· For 4Tx, if a UE reports supporting Mode 2 in addition to supporting Mode 1, antenna selection TPMI precoders should support full Tx power.
· For 4Tx, if a UE reports supporting Mode 1 only, antenna selection TPMI precoders do not support full Tx power for Mode 1.
6. Power scaling factor for a UE supporting both Mode 1 and Mode 2
In RAN1#98 meeting, the following agreements were made on power scaling factor for Mode 1 and Mode 2 operation.
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

As we mentioned in section.5, a UE supporting both Mode 1 and Mode 2 should report TPMI group(s) enabling full Tx power. Hence, when the UE is configured with Mode 1, the power scaling factor should be determined by whether indicated TPMI is included in TPMI group(s) or not. Therefore, in the case of a UE supporting both Mode 1 and Mode 2, Alt.1 (power scaling factor is determined by the reported TPMI precoders.) should be supported for 4Tx Mode 2 operation.
Proposal 5: 
· For a 4Tx UE supporting both Mode 1 and Mode 2, it should be depending on reported TPMI group(s) enabling full Tx power.
7. Conclusion
In this contribution, we discussed on the Full Tx Power UL transmission. Based on the discussion, we made following observation and proposals.
Observation 1: 
·  Capability-2/capability-3 UEs can report supporting of Mode 1, Mode 2 or both Mode 1 and Mode 2.
Observation 2: 
· For Mode 2 partial-coherent capable UE,
· Alt.1 (Bitmap based TPMI grouping) can capture all possible TPMI groups which enable UL full Tx power for 4-port UE (irrespective of the PA architecture), the reporting bitmap size is 13bits.
· Alt.2 (Combination based TPMI grouping) cannot capture all possible TPMI groups which enable UL full Tx power for 4-port UE, the reporting bitmap size is 4bits.
· Alt.3 (Bitmap based TPMI grouping by exploiting relation between TPMI groups in different ranks) can capture all possible TPMI groups which enable UL full Tx power for 4-port UE (irrespective of the PA architecture), the reporting bitmap size is 12bits.
· Alt.4 (Combination based TPMI grouping under Tx power imbalance among antenna ports) can capture all possible TPMI groups which enable UL full Tx power for 4-port UE, the reporting bitmap size is 10bits. The UE has degradation of precoding gain.
Proposal 1: 
· 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.
Proposal 2: 
·  For Mode 2 and 4 antenna ports,  we propose TPMI group(s) enabling full Tx power UL as followings;
· For codebookSubset = nonCoherent and Rank = 1: 4bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}
· For codebookSubset = nonCoherent and Rank = 2: 6bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}{ TPMI = 4}{ TPMI = 5}
· For codebookSubset = nonCoherent and Rank = 3: The signaling bit is not required.
· Note: When the UE reports both {TPMI = 0} and {TPMI = 1} in codebookSubset = partialAndNonCoherent and Rank = 2, it means that {TPMI = 0} in Rank = 3 supports full Tx power.
· For codebookSubset = partialAndNonCoherent and Rank = 1, 6 bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}{ TPMI = 4, 5, 6, 7}{ TPMI = 8, 9, 10, 11}
· For codebookSubset = partialAndNonCoherent and Rank = 2, 6 bits signaling {TPMI = 0}{ TPMI = 1}{ TPMI = 2}{ TPMI = 3}{ TPMI = 4}{ TPMI = 5}
· For codebookSubset = partialAndNonCoherent and Rank = 3: No signaling bit is required.
· Note: When the UE reports both {TPMI = 0} and {TPMI = 1} in codebookSubset = partialAndNonCoherent and Rank = 2, it means that {TPMI = 0} in Rank = 3 supports full Tx power.

Proposal 3: 
· For 4Tx partial-coherent UEs (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.
· The following two alternatives can be considered;
· Alt.1. In Rank1 DFT-S-OFDM, the new codebook subset does not support TPMI = 16,17,18,19 for 4Tx partial-coherent UEs.
· Alt.2. In Rank1 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.
Proposal 4: 
· For 4Tx, if a UE reports supporting Mode 2 in addition to supporting Mode 1, antenna selection TPMI precoders should support full Tx power.
· For 4Tx, if a UE reports supporting Mode 1 only, antenna selection TPMI precoders do not support full Tx power for Mode 1.
Proposal 5: 
· For a 4Tx UE supporting both Mode 1 and Mode 2, it should be depending on reported TPMI group(s) enabling full Tx power.
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Appendix
At the RAN1#94bis meeting, the following agreements were made [1].
[RAN1#94bis]
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)


At the RAN1#95 meeting, the following agreements were made [2].
[RAN1#95]
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)

At the RAN1#AH1901 meeting, the following agreements were made [3].
[RAN1#AH1901]
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).











At the RAN1#96 meeting, the following agreements were made [4].
[RAN1#96]
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


At the RAN1#96bis meeting, the following agreements were made [5].
 [RAN1#96bis]
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

[bookmark: _GoBack]
The solutions to support UE capability-2 were clarified through the e-mail discussion [6].
[Summary of e-mail discussion]
· 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)
Summary:
· Small delay CDD, if applied, is transparent to RAN1 specification
· 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 codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· 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
      Summary:
· UE is configured with multiple SRS resources in a set each with different number of SRS ports, e.g. 1 SRS source is configured with 1 port and another SRS resource is configured with 2 ports for the UE with 2 Tx chains.
· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains, e.g. 2 Tx chains are virtualized to transmit 1 port SRS resource
· Small delay CDD or other virtualization mechanism is applied in spec transparent manner
· UE does not virtualize Tx chains when configured with an SRS resource with number of ports equal to the number of Tx chains, e.g. 2 Tx chains transmit 2 ports SRS resource.
· Alt3-2: Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
      Summary:
· UE is configured with one SRS resource (without virtualization)
· 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 codebookSubset = partialAndNonCoherent and fullyAndPartialAndNonCoherent defined in Rel-15
· Alt1: Only a subset of the non-antenna selection TPMI precoder(s) is(are) supported
· Alt2: All of the non-antenna selection TPMI precoders are supported
· A different SRS port is transmitted on each Tx chain (small delay CDD maybe transparently applied)
· gNB can coherently combine channel estimates from SRS according to TPMI when determining CQI/TPMI/RI
· Alt5: FDM multi-port simultaneous transmission
      Summary:
· The scheduled RBs are divided into several RB sets, each of which is associated with a respective antenna port or antenna port set (ports of which should be coherent)
· E.g., four PRBs are allocated to the UE for one layer PUSCH transmission. UE only use antenna port 0 for PUSCH transmission in PRB#0 and PRB#1, while only use antenna port 1 for PUSCH transmission in PRB#2 and PRB#3. It also could be considered as that precoding matrix [1, 0] is applied for PRB#0 and PRB#1 while precoding matrix [0, 1] is applied for PRB#2 and PRB#3.
· This is applicable to both CP-OFDM and DFT-s-OFDM
· For DFT-s-OFDM, one DFT is applied to one RB set
· This does not have spec impact on PRB bundling
· The minimal size of a RB set is 1 RB

At the RAN1#97 meeting, the following working assumption was made [7].
[RAN1#97]
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 


At the RAN1#98 meeting, the following agreements were made [8].
[RAN1#98]
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
· 
 is the number of non-zero PUSCH ports being transmitted

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.

[RAN1#98]
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’


At the RAN1#98 meeting, the following agreements were made [9].
[RAN1#98bis]
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


Table A-I: All combination of PA architectures for 4Tx capability-3 partial-coherent UE: RI =1, 2
	PA Architecture 
	Non-coherent TPMIs supporting full power; RI=1
	Partial coherent TPMIs supporting full power; RI=1
	Non-coherent TPMIs supporting full power; RI=2
	Partial coherent TPMIs supporting full power; RI=2

	[23 20 20 20]
	TPMI #0
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 23 20 20]
	TPMI #1
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 20 23 20]
	TPMI #2
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 20 20 23]
	TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 23 20 20]
	TPMI #0
TPMI #1
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 20 23 20]
	TPMI #0
TPMI #2
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 20 20 23]
	TPMI #0
TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 23 23 20]
	TPMI #1
TPMI #2
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 23 20 23]
	TPMI #1
TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 20 23 23]
	TPMI #2
TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 23 23 20]
	TPMI #0
TPMI #1
TPMI #2
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 20 23 23]
	TPMI #0
TPMI #1
TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[20 23 23 23]
	TPMI #0
TPMI #2
TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 23 20 23]
	TPMI #1
TPMI #2
TPMI #3
	TPMI #4 ~ #11
	TPMI #0 ~ #5
	TPMI #6 ~#13

	[23 17 17 17]
	TPMI #0
	None
	None
	TPMI #6 ~#13

	[17 23 17 17]
	TPMI #1
	None
	None
	TPMI #6 ~#13

	[17 17 23 17]
	TPMI #2
	None
	None
	TPMI #6 ~#13

	[17 17 17 23]
	TPMI #3
	None
	None
	TPMI #6 ~#13

	[23 23 17 17]
	TPMI #0
TPMI #1
	None
	TPMI #0

	TPMI #6 ~#13

	[23 17 23 17]
	TPMI #0
TPMI #2
	TPMI #4 ~ #7
	TPMI #1

	TPMI #6 ~#13

	[23 17 17 23]
	TPMI #0
TPMI #3
	None
	TPMI #2

	TPMI #6 ~#13

	[17 23 23 17]
	TPMI #1
TPMI #2
	None
	TPMI #3

	TPMI #6 ~#13

	[17 23 17 23]
	TPMI #1
TPMI #3
	TPMI #8 ~ #11

	TPMI #4

	TPMI #6 ~#13

	[17 17 23 23]
	TPMI #2
TPMI #3
	None
	TPMI #5

	TPMI #6 ~#13

	[23 23 23 17]
	TPMI #0
TPMI #1
TPMI #2
	TPMI #4 ~ #11
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[23 23 17 23]
	TPMI #0
TPMI #1
TPMI #3
	TPMI #4 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13

	[23 17 23 23]
	TPMI #0
TPMI #2
TPMI #3
	TPMI #4 ~ #11
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[17 23 23 23]
	TPMI #1
TPMI #2
TPMI #3
	TPMI #4 ~ #11 
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[23 17 20 20]
	TPMI #0
	TPMI #4 ~ #7
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[23 20 17 20]
	TPMI #0
	TPMI #8 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13

	[23 20 20 17]
	TPMI #0
	TPMI #4 ~ #7
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[17 23 20 20]
	TPMI #1
	TPMI #8 ~ #11
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[17 20 23 20]
	TPMI #2
	TPMI #8 ~ #11
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[17 20 20 23]
	TPMI #3
	TPMI #8 ~ #11
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[20 23 17 20]
	TPMI #1
	TPMI #8 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13

	[20 20 23 17]
	TPMI #2
	TPMI #4 ~ #7
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[20 17 20 23]
	TPMI #3
	TPMI #4 ~ #7
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[20 23 20 17]
	TPMI #1
	TPMI #4 ~ #7
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[20 17 23 20]
	TPMI #2
	TPMI #4 ~ #7
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[20 20 17 23]
	TPMI #3
	TPMI #8 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13

	[23 20 17 17]
	TPMI #0
	None
	TPMI #0
	TPMI #6 ~#13

	[23 17 20 17]
	TPMI #0
	TPMI #4 ~ #7
	TPMI #1
	TPMI #6 ~#13

	[23 17 17 20]
	TPMI #0
	None
	TPMI #2
	TPMI #6 ~#13

	[20 23 17 17]
	TPMI #1
	None
	TPMI #0
	TPMI #6 ~#13

	[20 17 23 17]
	TPMI #2
	TPMI #4 ~ #7
	TPMI #1
	TPMI #6 ~#13

	[20 17 17 23]
	TPMI #3
	None
	TPMI #2
	TPMI #6 ~#13

	[17 23 20 17]
	TPMI #1
	None
	TPMI #3
	TPMI #6 ~#13

	[17 20 23 17]
	TPMI #2
	None
	TPMI #3
	TPMI #6 ~#13

	[17 20 17 23]
	TPMI #3
	TPMI #8 ~ #11
	TPMI #4
	TPMI #6 ~#13

	[17 17 20 23]
	TPMI #3
	None
	TPMI #5
	TPMI #6 ~#13

	[17 17 23 20]
	TPMI #2
	None
	TPMI #5
	TPMI #6 ~#13

	[17 23 17 20]
	TPMI #1
	TPMI #8 ~ #11
	TPMI #4
	TPMI #6 ~#13

	[23 23 17 20]
	TPMI #0
TPMI #1
	TPMI #8 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13

	[23 23 20 17]
	TPMI #0
TPMI #1
	TPMI #4 ~ #7
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[23 20 17 23]
	TPMI #0
TPMI #3
	TPMI #8 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13

	[23 17 20 23]
	TPMI #0
TPMI #3
	TPMI #4 ~ #7
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[23 20 23 17]
	TPMI #0
TPMI #2
	TPMI #4 ~ #7
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[23 17 23 20]
	TPMI #0
TPMI #2
	TPMI #4 ~ #7
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[17 23 23 20]
	TPMI #1
TPMI #2
	TPMI #8 ~ #11
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[17 20 23 23]
	TPMI #2
TPMI #3
	TPMI #8 ~ #11
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[17 23 20 23]
	TPMI #1
TPMI #3
	TPMI #8 ~ #11
	TPMI #3
TPMI #4
TPMI #5
	TPMI #6 ~#13

	[20 23 23 17]
	TPMI #1
TPMI #2
	TPMI #4 ~ #7
	TPMI #0
TPMI #1
TPMI #3
	TPMI #6 ~#13

	[20 17 23 23]
	TPMI #2
TPMI #3
	TPMI #4 ~ #7
	TPMI #1
TPMI #2
TPMI #5
	TPMI #6 ~#13

	[20 23 17 23]
	TPMI #1
TPMI #3
	TPMI #8 ~ #11
	TPMI #0
TPMI #2
TPMI #4
	TPMI #6 ~#13



Table A-II: All combination of PA architectures for 4Tx capability-3 partial-coherent UE: RI = 3, 4
	PA Architecture 
	Non-coherent TPMIs supporting full power; RI=3
	Partial coherent TPMIs supporting full power; RI=3
	Non-coherent TPMIs supporting full power; RI=4
	Partial coherent TPMIs supporting full power; RI=4

	[23 20 20 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0 ~ #5
	TPMI #1
TPMI #2

	[20 23 20 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 20 23 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 20 20 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 20 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 23 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 20 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 23 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 20 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 20 23 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 23 20]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 23 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 23 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 20 23]
	TPMI #0
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 17 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 17 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 17 23 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 17 17 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 17 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 23 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 17 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 23 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 17 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[17 17 23 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 23 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 17 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 23 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 23 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 20 20]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 17 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 20 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 20 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[17 20 23 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[17 20 20 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 17 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 20 23 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 17 20 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 20 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 17 23 20]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 20 17 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 17 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 20 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 17 20]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 17 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 17 23 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 17 17 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 20 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 20 23 17]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 20 17 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[17 17 20 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 17 23 20]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 17 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 17 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 23 20 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 17 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 20 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 20 23 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[23 17 23 20]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 23 20]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[17 20 23 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[17 23 20 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 23 17]
	TPMI #0
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 17 23 23]
	None
	None
	TPMI #0
	TPMI #1
TPMI #2

	[20 23 17 23]
	None
	TPMI #1
TPMI #2
	TPMI #0
	TPMI #1
TPMI #2
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