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1. Introduction
In the RAN1#111 meeting, several agreements regarding for enabling 8Tx UL transmission were agreed as captured in Annex. This contribution discusses and provides our view on the enhancement of SRI/TPMI for 8Tx UL transmission. 


2. Discussions  
TPMI enhancement for 8Tx UL transmission 
2.1.1 Full coherent 8Tx codebook
In the previous meetings, following agreements for 8Tx full coherent codebook design were made as captured below. Agreement @ RAN1#111
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement @ RAN1#110bis
Support the following cases for codebook design for 8TX precoders
· Full coherent precoders with Ng=1
· FFS: Full coherent precoders with Ng=2, Ng=4
· Partial coherent precoders with Ng=2 and Ng=4
· This does not imply any relation with the number of TPMI indications for 8TX precoder
· Non-coherent precoders


For full coherent codebook with Ng=1, the remaining issue is how to determine codebook parameters, i.e., N1, N2, O1, O2. In NR DL, N1, N2, O1, O2 parameters are configured by gNB. In uplink, since UE has its own UE antenna implementation, and N1 and N2 values can be determined by the UE capability. The candidate values for (N1, N2) in 8Tx UL is (2, 2) or (4, 1). So, UE can report either (2, 2), (4,1) or both. If UE reports both values, additional gNB configuration may be needed. 
 On the value of O1 and O2, the larger value of O1 and O2 may provide performance gain as it increases codebook granularity at the expense of increased DCI overhead. Also, in Rel-15 NR, the fully coherent codebook subset includes full coherent TPMIs, partially coherent TPMIs and non-coherent TPMIs. If codebook subset for 8Tx follows the same principle, the gain comes from introducing larger codebook granularity will be reduced. Thus, (O1, O2) = (1, 1) can be considered as a baseline and values other than (O1, O2) = (1, 1) should firstly show clear performance benefit.
Proposal 1. For full coherent 8Tx UL codebook with Ng = 1, N1 and N2 values are determined based on UE capability. 
Proposal 2. For full coherent 8Tx UL codebook, support (O1, O2) = (1, 1). 

As captured above, for full coherent precoder, Ng=1 is assumed and for Ng=2 and Ng=4, it is FFS. Also in RAN1#109e, following antenna layouts are agreed to consider for codebook design.

   
For linear antenna array and planner antenna array, DFT vector can be typically used for spatial domain basis vector. So, for 2D antenna layout such as 1-a, 2-a and 3-a, 2D DFT can be considered at least for fully coherent TPMI. Then, the codebook structure can be expressed as
                                          (1)
where  is co-phase term for different polarization and 

For 1D antenna layout such as 1-b and 3-b, 1D DFT can be used. Then, vector  with oversampling factor =1 can be 
 For 2-a and 2-b, inter-group co-phase may be needed similar to Type I multi-panel CSI. Then, the codebook structure can be  where  is inter-group co-phase. If ={1, j, -1, -j}is assumed, vector  can be 
.

 If Alt2-a is used for full coherent TPMI, equation (1) can also be considered. In this case, vector  can be based on the 2Tx/4Tx UL codebooks. For 2Tx based construction,  also can be considered similar for 2-a and 2-b. The difference is whether vector  is purely based on DFT vector or mixture of multiple basis vectors. 
From above discussion, it can be observed that the codebook structure can be varied according to the antenna layout which is based on the UE implementation. In order to cover various UE antenna implantations, two options can be considered. One option is to define a common UL codebook for all antenna layout. In this option, union or intersection of codebooks corresponding to possible antenna layouts can be considered. The other option is to define multiple UL codebook types. In this option, UE reports its Tx antenna capability to gNB and gNB will configure the proper UL codebook based on the UE capability. As mentioned in previous section, if we introduce multiple codebooks, it means more specification efforts are needed. Thus, common UL codebook design for all potential antenna layouts is preferred.   

Proposal 3. Support Ng=2, Ng=4 for fully coherent codebook, and consider common UL codebook for all potential antenna layouts.

2.1.2 Partial coherent 8Tx codebookAgreement @ RAN1#110bis
For codebook design of an 8TX partial-coherent UE, configured with an 8-port SRS resource
· For when Ng=2, down-select of the following convention for assumption of port coherency scheme is used 
· Alt 1: two coherent groups of {0,2,4,6} and {1,3,5,7}
· Alt 2: two coherent groups of {0,1,4,5} and {2,3,6,7} 
· Alt 3: two coherent groups of {0,1,2,3} and {4,5,6,7} 
· For when Ng=4, down-select of the following convention for assumption of port coherency scheme is used
· Alt 1: four coherent groups of {0,4}, {1,5}, {2,6}, and {3,7} 
· Alt 2: four coherent groups of {0,1}, {2,3}, {4,5}, and {6,7}
· Alt3: four coherent groups of {0, 2}, {4, 6}, {1, 3} and {5, 7}
· Note: Other alternatives which are not foreseen are not precluded

· 


[image: ]
Figure 1 An example of port coherency for 8Tx Partial coherent UE 
For partial coherent UE, Ng=2 and 4 is supported as captured above. The remaining issue is how to map coherent group. Figure 1 is an example of coherency group mapping and its port numbering is according to legacy PUSCH port mapping rule. As shown in the Figure 1, there are 2 Tx antenna coherency and 4 Tx antenna coherency, and each of which may correspond to 4 panel UE (i.e. Ng=4) and 2 panel UE (i.e. Ng=2), respectively. For level-1 coherency, coherency of PUSCH/SRS ports can be {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}. Also, for level-2 coherency, coherency of PUSCH/SRS ports can be {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. In this grouping, we consider following rules: 1) cross polarization antennae at the same location are in the same group, and 2) adjacent cross polarization antennae are in the same group. Therefore, we prefer Alt 2 for Ng=2 and Alt 1 for Ng=4, and following is proposed. 
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 2-group 4Tx coherency (Ng=2) 
· Coherency PUSCH port groups consist of {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. 
· Level-2: 4-group 2Tx coherency (Ng=4) 
· Coherency PUSCH port groups consist of {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}.

For partial coherent TPMIs, as mentioned above, we need to consider two levels of partial coherency, so that two different types of TPMIs should be considered accordingly. For the level-1 partial coherency, we can apply at least Rel-15 2Tx UL full coherent TPMIs, e.g., for each corresponding two coherent ports as shown in Table 2. 
Table 1. 8Tx level-1 partial-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



For the level-2 partial coherency, we can apply at least Rel-15 4Tx UL full coherent TPMIs for each corresponding four coherent ports as shown in Table 3. Other candidate codebook, e.g., 4Tx partial coherent codebook can be further studied considering overhead and performance. Also, how to extend multi rank case and how to reasonably reduce the overall overhead can be further studied. 
Table 2. 8Tx level-2 partial-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Proposal 5. For partial coherent codebook, reusing 4Tx and 2Tx fully coherent codebook can be a starting point. 

2.1.3 Non-coherent 8Tx codebook
For non-coherent TPMIs, the same principle of Rel-15 UL non-coherent codebook can be applied. Therefore, antenna turn-off codebook (or port selection codebook) can be considered as shown in Table 1. Here, the scaling factor of  is assumed to take into account for antenna turn-off effect which can save UE power consumption and reduce some uplink interference. Due to the limit of bit width for TPMI indication, further down selection can be considered if needed. For multi rank case, the total number of non-coherent codebook for each rank R can be . So, it should be further studied how to efficiently reduce the overall non-coherent codebook size. 
Table 3. 8Tx non-coherent TPMIs with CP-OFDM
	
	
	
	
	
	
	
	



Proposal 6. For non-coherent codebook, antenna turn-off (or port-selection) codebook can be considered. FFS on how to reduce the codebook size. 

2.1.4 Codebook for DFT-s-OFDM
In NR, DFT-s-OFDM is utilized for uplink transmission as it is robust for PAPR, and only rank 1 transmission is allowed. Similarly, for 8 Tx UL transmission with DFT-s-OFDM, the maximum number of layers can be 1. For the TPMI design, we can simply follow the design principle discussed for CP-OFDM. Thus, for rank 1 non-coherent and level-1 partial coherent TPMIs, TPMIs in Table 3 and 1, respectively, can be applied. For level-2 partial coherent codebook, 4Tx fully coherent TPMIs for DFT-s-OFDM can be applied for the coherent 4 ports as shown in TPMI 24-55 in the Table 2. Note that 4Tx UL full coherent TPMIs for DFT-s-OFDM is based on the LTE 4Tx UL codebook which is adopted from the LTE DL 4Tx House-holder codebook which is mixture of DFT vector and other basis vectors. So, for 8Tx fully coherent TPMIs for DFT-s-OFDM, NR 8Tx DL codebook can be reused similar to the CP-OFDM. 

Proposal 7. Rank-1 uplink codebook for DFT-s-OFDM is supported in 8 Tx UE. 
Issues related to 2CW 
2.2.1 UCI multiplexing
In the last meeting following agreement related to UCI multiplexing was made as captured below.Agreement@ RAN1#111
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded


In LTE, in order to enhance the reliability of HARQ-ACK bits, HARK-ACK bits are multiplexed on both CWs and maps next to the DM-RS. In NR, following distributed UCI multiplexing rule is applied within DFDM symbols. 
· HARQ-ACK REs are mapped on available REs from the first non-DM-RS symbol after the first DM-RS symbol with frequency-first manner.
· CSI part 1 REs are mapped on available REs from the first non-DM-RS symbol with frequency-first manner.
· CSI part 2 REs are mapped on available REs from the first non-DM-RS symbol with frequency-first manner
An example of NR UCI multiplexing is depicted in Figure 2.


Figure 2 An example of NR UCI multiplexing 
As shown above, HARQ-ACK RE is mapped next to the DM-RS symbol for the reliability. If the 2CW is supported, similar to LTE, at least HARQ-ACK RE can be multiplexed on both CW as shown in Figure 3. Therefore, option3 is preferred. 


Figure 3 An example of UCI multiplexing on 2CW
If option 1 is supported, the CW multiplexing UCI should be corresponding to CW with higher MCS value for the reliability. If the two CWs have the same MCS values, 1st CW can be chosen for UCI multiplexing. 
Proposal 8. For UCI multiplexing of 8Tx transmission with rank>4, support option 3, i.e., at least HARQ-ACK REs are multiplexing on both CWs. 

2.2.2 PUSCH scrambling
 One issue on PUSCH scrambling is how to determine the c_init for scrambling sequence for rank>4. One simple solution can be directly reuse DL PDSCH scrambling mechanism. That is the c_init for scrambling sequence generator can be  where q{0,1} indicates codeword. 
Proposal 9. For PUSCH scrambling of 8Tx transmission with rank>4, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}


2.2.3 TB disabling
TB disabling is supported in NR DL and, LTE DL and UL in order to efficiently handle the retransmission case. For example, two TBs are transmitted and only one of TBs is decoded successfully. Then, failed TB will be re-transmitted. In that case, successful TB can be disabled. In this context, following is captured in TS 38.214. In case the higher layer parameter maxNrofCodeWordsScheduledByDCI indicates that two codeword transmission is enabled, then one of the two transport blocks is disabled by DCI format 1_1 if IMCS = 26 and if rvid = 1 for the corresponding transport block. If both transport blocks are enabled, transport block 1 and 2 are mapped to codeword 0 and 1 respectively. If only one transport block is enabled, then the enabled transport block is always mapped to the first codeword. 

One issue regarding TB disabling for 8Tx UL is whether or not to use the same MCS and RV combination used for DL, i.e., MCS=26 and RV=1. Such MCS and RV combination is different from LTE where LTE utilizes MCS=0 and RV=1 combination. This is because NR DL utilizes the properties of non-self-decodable LDPC code combination. Since LDPC code is used for UL data transmission, the same principle as DL can also be applied. Thus, MCS=26 and RV=1 is used for indication of disabled TB.
Proposal 10. For indication of disabled TB of 8Tx transmission with rank>4, use MCS=26 and RV=1 combination. 

2.2.4 MCS, NDI, RV indication for the second CW
 In case of rank>4, two codewords are agreed to be supported. For the flexible scheduling of two codewords, it is straightforward that two separate fields for MCS, NDI and RV are required as the same as LTE. Therefore, we propose followings. 
Proposal 11. Support separate MCS, NDI and RV indication for the second codeword.  

Full power transmission for 8Tx UE
In Rel-16, there are three UE capabilities for supporting full power operation for non and partial coherent UE. 
· UE capability 1: for the UE to support full Tx power in UL transmission, full rated PAs on each Tx chain is supported 
· UE capability 2: for the UE to support full Tx power in UL transmission, no Tx chain is assumed to deliver full power 
· UE capability 3: for the UE to support full Tx power in UL transmission, subset of Tx chains with full rated PAs is supported
[bookmark: _GoBack]Similar to Rel-16, above three capabilities can also be considered as a starting point of discussion. Then, possible PA combination for each capability are listed Table 4. Note that X is full rated PA, so X=23dBm for PC3, and Yi is less than X (e.g., Yi = 14, 17, 20 dBm). Then, Type 1 architecture belongs to UE capability 1, Type 2 architecture belongs to UE capability 2 and other Types belong to UE capability 3. As shown in Table 4, according to the UE implementation, the value of Yi can be diverged. Thus, it would be good to select representative PA architecture. However, without non and partial coherent codebook, it is hard to narrow down the possible PA architectures and full power modes. Therefore, we suggest to discuss full power operation after finalizing the non and partial coherent. 
Table 4. Example of PA architecture for 8Tx UE
	
	Port 1
	Port 2
	Port 3
	Port 4
	Port 5
	Port 6
	Port 7
	Port 8

	Type 1
	X
	X
	X
	X
	X
	X
	X
	X

	Type 2
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6
	Y7
	Y8

	Type 3
	X
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6
	Y7

	Type 4
	X
	X
	Y1
	Y2
	Y3
	Y4
	Y5
	Y6

	Type 5
	X
	X
	X
	Y1
	Y2
	Y3
	Y4
	Y5

	Type 6
	X
	X
	X
	X
	Y1
	Y2
	Y3
	Y4

	Type 7
	X
	X
	X
	X
	X
	Y1
	Y2
	Y3

	Type 8
	X
	X
	X
	X
	X
	X
	Y1
	Y2

	Type 9
	X
	X
	X
	X
	X
	X
	X
	Y1



Proposal 12. Postpone the discussion of full power operation until finalizing the non and partial coherent codebook. 


SRS configuration 
In RAN1#110bis, following agreement regarding SRS configuration for non-codebook UL transmission was made.Agreement @ RAN1#110bis 
For SRS configuration required for non-codebook-based UL transmission by an 8TX UE, Alt1 is supported, that is
· Alt1: A single SRS resource set configured with up to 8 single-port SRS resources
· FFS: Configuration of up to two, or four SRS resource sets, each configured with up to 4, or 2 single-port SRS resources, respectively.

In Alt1, the potential specification impact is to define more SRS resources and corresponding SRI indication. It is straight forward approach and very flexible method to indicate up to 8 layer for non-codebook based UL transmission. The maximum number of combinatorial number can be 255. Then, the bit-width can be bits. So, bit-map indication can be considered instead of combinatorial number indication. Note that in case of 4 Tx, the maximum combinatorial number can be 15 and its corresponding bit width is 4 bits. In addition, it seems Alt1 is enough for SRS configuration of non-codebook based UL Tx, so it is not preferred to introduce additional SRS configuration. 
Proposal 13. For SRS configuration of non-codebook based UL, support bit-map based indication. 
Agreement @ RAN1#110bis
For SRS configuration supporting codebook -based UL transmission for an 8TX UE ,  
· Support configuration of 1 SRS resource set containing up to X 8-port SRS resource(s), where X = 2   
· FFS : Other values for X, if needed 
· FFS : Configuration of at least one SRS resource set, configured with more than one SRS resources where each SRS resource may have the same or different number of SRS ports, e.g., for support full power operation, if supported
· FFS : Configuration of at least one SRS resource set, configured with 8/M of M-port SRS resources, for example,   
· Configuration of an SRS resource set, configured with at least 4 of 2-port SRS resources   
· Configuration of an SRS resource set, configured with at least 2 of 4-port SRS resources   

Also, in RAN1#110bis, above agreement regarding SRS configuration for codebook UL transmission was made. The remaining issue is whether to introduce additional value of X and configuration with more than one SRS resource. For these issue, extension of legacy principle for SRS configuration of codebook based UL seems sufficient. That is X = 2 for normal codebook based UL and full power mode 1, and X=4 can be considered full power mode 2 if supported.
Overhead reduction 
In the last meeting, following are agreed in the context of overhead reduction. Agreement @ RAN1#111
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI


In Rel-15 UL, TRI and TPMI are jointly encoded in one field in order to reduce the payload. Meanwhile, in DL, RI and PMI fields are separately encoded in CSI reporting carried by PUCCH or PUSCH. In the perspective of overhead reduction, joint encoding of TRI and TPMI has benefit compared to the separate field design at least for full coherent codebook. In case of partial coherent codebook, separate TPMI indication per SRS port group may provide benefit in terms of overhead. This is because fewer ports require smaller codebook size. Thus, final decision on TRI and TPMI indication can be done after finalizing codebook design. 
  In order for overhead reduction, following alternatives can be further considered.
· Alt1. Codebook sub sampling
· Alt2. Hierarchical indication (e.g., MAC-CE + DCI)
In Alt1, pre-define codebook sub-sampling pattern (e.g., even or odd pattern) can be used. Then, according to the sub-sampling pattern, total DCI payload can be determined. In this alternative, how to efficiently design the sub sampling pattern can be further discussed. 
In Alt2, multiple group of codebook subset can be fixed or pre-configured by RRC. MAC-CE can be used to indicate which group will be used for actual PUSCH transmission. Then, TRI/TPMI field is used to indicate precoding matrix within the group indicated by MAC-CE. This alternative also can be applied for non-codebook based UL. 
Proposal 14. Further consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Codebook sub sampling
· Alt2. Hierarchical indication (e.g., MAC-CE + DCI)

3. Conclusion
In this contribution, we discussed enhancements on SRI/TPMI for enabling 8Tx UL transmission in Rel-18 MIMO. Based on the above discussion, we have following proposals: 
Proposal 1. For full coherent 8Tx UL codebook with Ng = 1, N1 and N2 values are determined based on UE capability. 
Proposal 2. For full coherent 8Tx UL codebook, support (O1, O2) = (1, 1). 
Proposal 3. Support Ng=2, Ng=4 for fully coherent codebook, and consider common UL codebook for all potential antenna layouts.
Proposal 4. Support two-level partial coherency for codebook based 8Tx UL transmission. 
· Level-1: 2-group 4Tx coherency (Ng=2) 
· Coherency PUSCH port groups consist of {1000, 1001, 1004, 1005} and {1002, 1003, 1006, 1007}. 
· Level-2: 4-group 2Tx coherency (Ng=4) 
· Coherency PUSCH port groups consist of {1000, 1004}, {1001, 1005}, {1002, 1006}, and {1003, 1007}.
Proposal 5. For partial coherent codebook, reusing 4Tx and 2Tx fully coherent codebook can be a starting point. 
Proposal 6. For non-coherent codebook, antenna turn-off (or port-selection) codebook can be considered. FFS on how to reduce the codebook size. 
Proposal 7. Rank-1 uplink codebook for DFT-s-OFDM is supported in 8 Tx UE. 
Proposal 8. For UCI multiplexing of 8Tx transmission with rank>4, support option 3, i.e., at least HARQ-ACK REs are multiplexing on both CWs. 
Proposal 9. For PUSCH scrambling of 8Tx transmission with rank>4, reuse DL PDSCH scrambling mechanism to initialize the scrambling sequence generator for codeword q{0,1}

Proposal 10. For indication of disabled TB of 8Tx transmission with rank>4, use MCS=26 and RV=1 combination. 
Proposal 11. Support separate MCS, NDI and RV indication for the second codeword.  
Proposal 12. Postpone the discussion of full power operation until finalizing the non and partial coherent codebook. 
Proposal 13. For SRS configuration of non-codebook based UL, support bit-map based indication. 
Proposal 14. Consider following alternatives for overhead reduction for 8Tx codebook based UL transmission. 
· Alt1. Codebook sub sampling
· Alt2. Hierarchical indication (e.g., MAC-CE + DCI)


Annex
· Agreement in RAN1#111
Agreement
For a fully coherent uplink precoding by an 8TX UE, 
 Support NR Rel-15 single panel DL Type I codebook as the starting point for design of the codebook
o FFS: For a constructed codebook with size M based on above method, unless ; otherwise, round up the codebook size to the smallest integer  by adding  precoders generated via Alt 2a. 
 No LS to RAN4 will be needed

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support dual CW transmission, 
· specify MCS, NDI, RV indication for the second CW
· specify PUSCH Scrambling for the second CW
· specify UCI multiplexing on PUSCH for dual CW transmission
· study whether/how Enabling/Disabling the second CW
FFS: Optimization of DCI to indicate the above
Note: Strive to reuse Rel-15 NR DL schemes where possible.

Agreement
For PUSCH transmission with rank>4 by an 8TX UE, to support UCI multiplexing on PUSCH, down-select at least one of the following options in RAN1#112,
· Option1: UCI is always multiplexed on one of the CWs
· Option2: UCI is multiplexed on both CWs
· Option3: Based on UCI (e.g., type, payload size, etc.) UCI is multiplexed on one or both CWs
· Option4: UCI is multiplexed only when single CW is enabled
· Option5: UCI is repeated across the two CWs
· Other options are not precluded

Agreement
For CB-based 8TX PUSCH transmission, for rank indication, down-select among the following
1. Separate indication of TRI and TPMI
1. Joint indication of TRI and TPMI

Agreement
Study full TX power uplink codebook-based transmission by a partially/non-coherent 8TX precoder,
1. Reuse Rel-16 UE capability definitions for discussion purpose, i.e., UE Capability 1, 2 and 3
1. For full TX power transmission by UE Capability 2/3, at least, following exemplary PA architectures can be considered 
5. Other cases of interest are not precluded, down-select preferred potential architecture for the purpose of 8TX full power study in RAN#112.
5. This can be used for other UE Power Classes as well.

	8TX UE, Power class 3 (23 dBm)
Pi= Nominal power rating of each PA

	

	Regular UE
	P1=P2= …=P8=14 dBm 
(Full power supported by Mode1)

	
	











Full-power capable UE
	Full power capability with any PA comb. (CAP1)
Example: 
P1=P2= …=P8= 23 dBm


	
	
	Full power capability with 1 PA (CAP3)
Example: 
P1=P2= …=P7= 14 dBm
P8= 23 dBm


	
	
	(lower priority) Full power capability with 2 PAs (CAP2)
Example 2a: 
P1=P2= …=P6= 14 dBm, P7=P8 ≥ 20 dBm
Example 2b:
P1=P2= …= P8= 20 dBm


	
	
	(lower priority) Full power capability with 4 PAs (CAP2)
Example 3a: 
P1=P2= …=P4= 14 dBm, P5=P6= …=P8 ≥ 17 dBm
Example 3b: 
P1=P2= …= P8 = 17 dBm


	
	
	(lower priority) Full power capability with 6 PAs (CAP2)
Example 4a: 
P1=P2= 14 dBm, P3=P4= …=P8 ≥ 15.3 dBm
Example 4b: 
P1=P2= … = P8≥ 15.3 dBm


	
	
	

	
	
	

	
	
	



Agreement
For an 8TX partial/non-coherent precoder, for study on full power codebook-based PUSCH transmissions, use Rel-16 full power modes as the starting point for the design. 
Note: This does not mandate support of all Rel-16 modes.
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