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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 Confirm working assumption from RAN1#96
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)
Support: Huawei/HiSilicon, OPPO, vivo, MediaTek, CMCC, Spreadtrum, NTT DOCOMO, Qualcomm, Nokia/Nokia Shanghai Bell, Ericsson, Samsung, IDC, LGE
Against: 

	Company
	views 

	CATT
	Postpone, Technical solutions are still under discussion (section 2.4) and there are a large number of competing proposals. Without knowing the final solution it’s hard to evaluate the implementation/performance aspects. This can be confirmed once section 2.4 is concluded.

	
	Support confirmation. We prefer to allow as much flexibility for UEs to implement UL MIMO as possible, since they anyway will have to pass RAN4 tests, and since we think scaling solutions can support many different UE implementations in a transparent, manageable, way to the network.  So, in addition to ‘capability’ 1 and 3 UEs, we agree ‘capability’ 2 UEs should also support full power.
A related issue (also commented in 2.5 below) is why we in RAN1 make decisions on power classes when decisions on power class are normally made in RAN4.  We can specify scaling schemes that support various UE architectures, and leave it to RAN4 to relate the UE architectures to power class.  So we would suggest to change ‘For PC3’ to ‘at least for PC3’ when we confirm the working assumption and ask RAN4 to relate UE capability to power class when we describe the agreements on the scaling scheme in an LS to RAN4.

	NTT DOCOMO
	In our understanding, UE with capability 2 can have lower implementation cost than UE with capability 1 or 3 since number of full rated PAs in capability 2 is smaller than that in capability 1 or 3. So, this enhancement should be supported for UE with capability 2.

	Huawei. Hisilicon
	Support to confirm the WA on Capability-2. Since it is an assumption on the UE antenna architecture existed, we prefer to support the architecture and further discuss the solutions down-selection to obtain better performance, otherwise, it will be chicken-egg problem. Actually, there are some evaluation results already showed that performance can be enhanced under the UE capability-2 from companies. 

	IDC
	Support to confirm the WA assumption. For a given power class, all UEs in that class should be able to comply with a same power requirement, regardless of their PA architecture. 

	OPPO
	Support to confirm the working assumption. Capability-2 is the most common architecture for UE. Thus it is very important for UE with capability 2 to get performance gain from Rel-16 enhancement 




2.2 UE capability signaling
Alt1: UE capability signaling of supported one or group of TPMI precoder(s)
Support: Huawei/HiSilicon, LG, Intel, MediaTek, InterDigital, ZTE
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
Support: OPPO, vivo, Samsung, CATT, Spreadtrum, NTT DOCOMO, Qualcomm, Ericsson


	Company
	views 

	Intel
	Support Alt1. Alt1 can support all kind of UE capabilities:
· For UE capability 1, UE can report it supports full power for all precoders
· For UE capability 2, UE can report it does not support full power for any precoders
· For UE capability 3, UE can report it supports full power for a subset of precoders
· If UE does not report the UE capability, it means UE does not support full power transmission
Could any proponent for Alt3 clarify a little bit what the candidate values for Alt3 should be as well as relevant gNB behavior? 

	
	We prefer Alt 3, where the capability identifies support for ‘virtualized’ or ‘non-virtualized’ scaling, where virtualized scaling is supported by virtualized SRS.  This can allow UEs that need to combine Tx chain power or select Tx chains to transparently virtualize PUSCH and SRS (as they would anyway have to do for DCI 0_0), without restricting their implementations by indicating which ports or TPMIs support full power.  The gNB can then measure the virtualized SRS to get accurate CSI for virtualized PUSCH, rather than having to guess how the UE virtualizes.  The ‘non-virtualized’ capability supports UEs that do not require virtualization (‘capability’ 1 UEs), simply allowing them to scale power equally on the non-zero antenna ports up to Pcmax.
In answer to Intel’s question, our view is that it may be sufficient to indicate what scaling the UE supports.  A UE supporting ‘virtualized’ scaling should also support transmitting SRS resources with different numbers of SRS ports, so that it can virtualize transparently.
Some questions for fans of TPMI subsets for my understanding, (please find more details in R1-1904847):
· How many bits are needed in capability signaling to indicate the supported TPMI subsets?  These will need to be signaled per band of band combination in my understanding, and so can add up very quickly.
· Can you explain how the gNB combines SRS to find CSI if SRS is not virtualized, and if there are some assumptions on the control of the relative phase of SRS in non-coherent UEs?
· If TPMI subsets for full power are the ‘selection’ TPMIs, how is capability 2 supported?  A UE can virtualize to provide full power on an SRS port, but this has problems for e.g. rank 2, as we discuss in our paper.

	Samsung
	In our view, UE cap signaling should not be complicated and should consume require small #states (values). With Alt1, it is not unclear to us how TPMI grouping is done, how many groups are needed, how is the grouping done across different rank values, etc.? Alt3, on the other hand, is clean since the power scaling scheme can be signaled via UE cap signaling. 
Re Intel’s question, in our view, two candidate values are sufficient, one for the power scaling via UL PC, and the other for the antenna port virtualization (via TPMI) 

	ZTE
	Support Alt1, considering one unified UE capability design for all types of UE coherent capability (full/part/non-coherent) and full power capability (1~3). Regarding Alt3, we wonder how to support full Tx power for UE capability 3 without PA virtualization, which should be considered due to its advantage of link adaption and interference over small-delay-CDD.
Regarding Ericsson’s questions, we have the following answers
Answer to Q1: In our views, UE capability signaling is only needed to report those TPMIs where the full power transmission in Rel-15 can NOT be supported. Taking into account the worst case of directly reporting which TPMIs can support full Tx power, only 2bit for 2-port UE (including RANK1) and 19bit for 4-port UE (including RANK1/2/3) (or +2 bit for considering 2-port SRS resource(s) are configured for 4-port UE) when using bitmap. If some rules/restriction for them, e.g., TPMI group based reporting, the overhead can be reduced further, as mentioned by Intel. For inter-band, we can NOT see any difference between Alt1 and Alt3, and meanwhile we can NOT see the overhead issue even for reporting the UE capability of 2~20 bits. 
Answer to Q2: For non-coherent UE, gNB does not need to consider how to combine SRS for CSI in our views. Whether/how those port are virtualized is up to UE implementation, where the UE only needs to be responsible for its capability reporting, e.g., TPMI with full Tx power to be reported.
Answer to Q3: In this case of UE capability 2, one port SRS resource should be configured, if gNB would like to have full Tx power transmission for one-port/RANK1 transmission. Besides, FDM multi-port simultaneous transmission is another solution for handling UE capability 2, without requirement of virtualization.

	Huawei, HiSilicon
	Support Alt.1. UE capability reporting should be clear, otherwise there will be confusion between UE and gNB. With Alt.3, i.e., only with PC scaling schemes such as virtualized or non-virtualized, the gNB will be very difficult to understand how/when to enable UE to full power transmission. It will be mismatched between UE and gNB. 
For example with UE capability-3, there is full power related PA and a non-full power related PA, how can gNB know which precoding ([1 0 0 0] or [0 1 0 0] or [1 0 10] or [1 0] or one port or [1 0 0 0; 0 1 0 0]…) can enable full power transmission if only with “virtualized” or “non-virtualized”? 
Another example is that UE capability-1 and 3 are with different antenna architecture, in 2Tx case, Cap-1 can be with either [1 0] or [0 1] to enable full power transmission, but Cap-3 is only with one of [1 0] and [0 1] to enable full power transmission. If only with Alt.3 reporting, how to gNB understand the precoder scheduling?
The third example, if with UE capability-2, 20+20+20+20dBm, how to enable full power with virtualization, [1 0], [1 1], [1 0; 0 1] (rank-2), or [1 0 1 0]? Those information how can gNB know, if only with virtualization or non-virtualization?
By the way, virtualization or not is UE’s implementation, there is no need to disclose such UE implementation to gNB. 
Then, for the RRC overhead, only the codewords that enable full power in Rel-16 where Rel-15 disable is sufficient, the detailed analysis can be found in R1-1903972. In 2Tx case, only two precoders need to be reported, i.e., [1 0] and [0 1], so 2 bits (bit-map) are sufficient. For rank-2 in 2Tx, full power can be enabled by any rank-2 precoder, so there is no additional information on full power need to be reported from UE capability. For 4Tx case, there are some precoder with full power transmission can be grouped as mentioned by Intel and ZTE, such as [1 0 1 0] and [1 0 j 0]. If full power can enabled by [1 0 1 0], it also can be enabled with [1 0 j 0], so the bits for UE capability can be reduced, about 10 bits for reporting across rank1~4 for 4Tx case. 
It’s worth noting that, for RRC overhead, the CSI (such as type-II) configuration, how many bits for each band/band combination per UE? The mentioned overhead are much more than UE capability reporting 2 or 10 bits for RRC here, while UE report the capability only once in very a long time. So, the overhead should not be an issue.

	IDC
	We prefer Alt.1 that is based on TPMI subset indication. Alt. 1 can clearly indicate power capability of UE, i.e., which precoders could comply with the expected power requirement. In reporting of desired precoders, as we have discussed in our contribution, it is not necessary to report each precoders one by one, and a subset indication can be done very efficiently by a couple of bits. Based on the conveyed information, gNB scheduler would be able to select proper subset of precoders an avoid any potential mis-match. Also, the TPMI subset indication is valid across the band and ranks, and it does not need to be updated and/or re-indicated. 
The scaling process will be adapted according to the UE PA architecture, and it may or may not be based on virtualization,

	LGE
	Support Alt 1. As other proponent for Alt 1 expressed, TPMI based signaling is more clear solution especially for supporting UE capability 3. Also, if the signaling overhead is concern, we can further consider TPMI-group based signaling. 

	OPPO
	The UE capability signaling should be as simple as possible and the signaling is only needed to support typical UE capability rather than all possible UE architectures. Thus we support Alt.3, where one power scaling is workable for Capability 1 and the other power scaling is workable for all the 3 capabilities.




2.3: Power scaling schemes
On power scaling schemes, alternatives 1 and 2 may be generally applicable while other alternatives are related to the supported schemes in section 2.4 especially for UE capability 2 and 3. Feature lead’s proposal is to discuss and decide on alt1 and alt2 first. Other details on power scaling can be discussed after reaching agreement on the schemes in section 2.4 for UE capability 2 and 3. 
· Alt1: the linear value of power  is divided equally among the non-zero PUSCH ports
Support: Ericsson, Samsung, ZTE, IDC， QC (only for UE with capability 1, not for UE with capability 2/3)
Not support:
· Alt2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports in the SRS resource set with usage set to ‘codebook’ for codebook based PUSCH
Support: 
Not support:
· Alt2a: The scale factor includes the ratio of the number of antenna ports with a non-zero PUSCH transmission power to a number of SRS ports in the SRS resource set with usage set to ‘codebook’ for codebook based PUSCH
· FFS: Whether ‘a number of SRS ports’ is ‘a configured number of SRS ports’, ‘a number of SRS ports indicated via SRI’, etc.
Support: Ericsson
Not support:
· Alt2b: The scale factor is always 1
· 

should be modified to 
Support: ZTE
Not support:
· Alt3: For the precoders with at least one antenna port are not full rated PAs, power is scaled by scaling factor β = N/M where N is number of activated antennas that are associated with any PUSCH layer, M is the maximum number of SRS ports supported by the UE in one SRS resource
· Alt4: UE scales the linear value of PUSCH power by ,  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource
· Alt5: PUSCH is scaled by a factor  and the resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted, where 
, and , where
 = #coherent port groups (for the “most coherent” TPMIs) as in Table 3,
 = #coherent port groups (for the “most coherent” TPMIs) with a non-zero PUSCH,
 = #configured ports for the transmission, and
 = #ports with a non-zero PUSCH transmission

	Company
	views 

	Intel
	We think we should prioritize 2Tx case.
For 2Tx case, Alt1 is ok, and support Alt2 for precoders that can support full power transmission, for other precoders, Tx power should still be scaled by UE reported number of ports for SRS. 

	CATT
	Fine with the FL’s proposal to focus on UE cat 1. 
With this clarification we are OK with alt-1 (for Capability 1).

	Ericsson
	Ok with the FL’s approach as well.  
Support Alt 1.  Isn’t this required to maintain the codebook structure we have today (and to stay in scope of the WID)?  If the UE does not split the power equally among the non-zero PUSCH antenna ports, this effectively redesigns the Rel-15 codebook to have non-constant modulus.  Also is an unequal split only done near Pcmax or all the time?
The general approach to Alt 2 is OK, but the text as it is precludes using virtualized SRS in our understanding.  We prefer to address this as a next step, similar to other scheme details.  Also, proposals have more than the ratio of non-zero ports to SRS ports in their scale factors, while the text limits to only the ratio, which I expect is not the intention.  Therefore, we might say ‘includes the ratio’ rather than ‘is the ratio’.  Is the added Alt. 2a OK then?

	Samsung
	Same view as CATT, we are fine with Alt1 for UE cap 1 with the following FFS:
· FFS: the scaling factor to scale the linear value of power 

	ZTE
	Support Alt2b. The power scaling factor should be removed or equal to 1, and per-TPMI power limitation scheme is introduced to avoid power overflow.
When UE capability signaling of supported one or group of TPMI precoder(s) is reported, the straightforward way is to restrict the required Tx power according to both Pc,max and max Tx power of the indicated TPMI, and then the calculated Tx power is split equally among all non-zero power ports.
When considering dynamic TPMI indication and the case that the required Tx power is not beyond the upper bound (as a typical case), the Tx power for all candidate TPMI(s) to be indicated should be the same in order to fairly using these TPMI(s) and prevent frequency Tx power changes only due to TPMI switching. For example, for coherent UE, at least for the case of not beyond max Tx power, the Tx power of TPMI=[1,0] should be the same as that of TPMI[1,1] (if going with Alt-2b) in a given UL transmission, rather than always less than 3dB than TPMI [1,1] (if going with Alt-2).
Notes: Pcmax should be modified to min{Pcmax, Pmax(TPMI) }.

	NTT DOCOMO
	We do not prefer Alt4. We believe the exact value of transmission power should not be up to UE implementation.

	Huawei, HiSilicon
	Alt.1 is sufficient. 
In Rel-15, there is a power scaling SRS ports/max configured ports, so the full power is not enabled. In Rel-16, in the case of full power transmission, the power scaling should be 1 or removed. Then, in other cases without full power, the Rel-15 power scaling can be used.

	IDC
	Support Alt. 1, however as mentioned by Ericsson, this is already dictated by our existing codebook. In fact, Alt. 1 is a basic principle that does not contradict Alt. 2 that is really discussing the scaling mechanism.
We believe Alt. 1 should be acceptable by everyone.

	QC
	Same view as CATT, support Alt 1 for capability 1 UEs, where Alt 1 essentially just set power scaling factor to 1. 
As a matter of fact, since how to change power scaling to support UE with capability 1 is very trivial: just setting power scaling factor to 1 (removing Rel-15 scaling factor), we agree with FL’s approach to prioritize discussion on capability 1 UE and try to settle down this first, before discuss full power support UE capability 2/3.
For UEs with capability 2/3, power scaling scheme can be decided after discussion in 2.4 is finalized. 

	LGE
	We are fine with Alt1. Regarding Alt4, the intention is let gNB handle whether to support full power UL or fall back to Rel-15 power scaling for UE battery saving purpose. 

	OPPO
	Support Alt.1 and Alt.2.
Alt.1 is workable for capability 1
Alt.2 is workable for UE with antenna virtualization (including capability 1, capability 2 and  capability 3)




2.4: supported UE capabilities and supported scheme
a): supported scheme for UE capability 1
· Alt1: Option 3
Support: Samsung, Ericsson, CATT, ZTE (2nd priority)，QC
· Alt2: Option 3+Option 1-2
Support: Huawei/HiSilicon, ZTE (1st priority), LG (also for UE capability 3)
Object: QC (Option 1-2 is not needed with Option 3), vivo
b): supported scheme for UE capability 2
· Alt1: Option1-1 
Support: OPPO, vivo, Samsung (with restriction), MediaTek, Nokia/Nokia Shanghai Bell, QC
· Alt2: Option1-1 + Option2
Support: MediaTek, NTT DOCOMO(?), Qualcomm 
· Alt3: Option3+Option2 or Option3+Option2+ Option1-1 (Multiple SRS resources with different number of SRS port(s) in each resource)
Support: Intel, Ericsson
· Alt4: Option 5
Support: Qualcomm
· Alt5: FDM multi-port simultaneous transmission
Support: ZTE, CMCC, CATT
· Alt6: Option3+Option 1-2 
Supported: Huawei, HiSilicon
Object: QC, vivo
c): supported scheme for UE capability 3: 
· Alt1: Option1-1
Support: Samsung, QC, vivo 
· Alt2: Option 5
Support: Qualcomm
· Alt3: Option 3 or Option 3 + Option 1-2
Support: CATT, ZTE, Huawei, HiSilicon


	Company
	Views

	Intel
	Maybe we can discuss the issues after decision for 2.1-2.3 is made. 

	Ericsson
	Agree with Intel. There are a lot of details to address, and progress on 2.1-2.3 will hopefully winnow down what needs to be discussed here.

	CMCC
	For capability 2 UE, option 2 is transparent for spec and rely on UE implementation to achieve full power transmission, one potential issue is that whether or not the UE implement small delay CDD is hard or even impossible to test in practice. Another issue is that even UE has implemented the small delay CDD, the performance cannot be guaranteed since the performance of small delay CDD is greatly depending on the specific environment and the concrete delay used by the UE.
To avoid the above potential issues, for capability 2 UE, one scheme is that different antenna ports can be used at different frequency parts of the resource RBs scheduled by the DCI for UL transmission, then all the antennas can achieve the maximum transmission power.

	Samsung
	In our view, we have been discussing these options for at least 3 meetings now. We should at least try to narrow down the alternatives. For example,
· We can down-select to alternatives supported by at least a few (e.g. 3-4) companies.
· We can merge UE cap 2 and 3, since they can have a common solution.

	ZTE
	For Capability 2 UE, we share the same views with CMCC.
By adding small delay CDD (S-CDD), some link level simulation results showed that it can bring positive gains statistically, but system link level simulation results concluded that it can only bring moderate gain or even negative gain in perspective of system performance. To reduce the interference among non-coherent antenna ports, each antenna port only transmits part of the scheduled RBs, as shown in the following Figure. The scheduled RBs are split into several RB set, e.g. 2 RB sets. Each RB set is only transmitted by one antenna port. In this case, the maximum power could be up to 23dBm with no interference among non-coherent antenna ports. Furthermore the power per RE of this FDM approach is higher than that in the port selection and S-CDD schemes, which means a larger coverage, because of the smaller bandwidth per antenna port. 

                 

	Huawei, HiSilicon
	Support Option 3 + Option 1-2 for the UE capability 1/2/3. Power scaling factor should be removed (or equal to 1) for full power transmission. Then, from the perspective of Specification, the normalization factor on the precoder also should be adjusted. 
In Rel-15 and LTE, 1/sqr(2) is used for antenna selection codewords, i.e., 1/sqr(2) [1 0] and 1/sqr(2) [0 1], it is because the factor that there is no power borrowing between two PAs and no full power transmission supported. However, in Rel-16, to support full power (with 23+23dBm or 23+20dBm), if still using 1/sqr(2) [1 0], the total power will be normalized as 1/2, i.e., only half power can be used. So, the scaling factor 1/sqr(2) should be removed.

	IDC
	Agreed with Intel. We should discuss this once we have an agreement on more basic questions.

	QC
	This topic has been discussed over a few meetings. To help progress, we suggest the following WF for companies to consider. From spec impact point of view, QC prefer to go with Option 1-1-A for capability 2 and Option A for capability 3 to minimize the spec impact.  
· For UE with capability 1, set power scaling factor to 1 (Option 3)
· For UE with capability 2, use option 1-1 (with transparent option 2 up to UE implementation). 
· For SRS aspects related to option 1-1, down select between the following two options:
· Option 1-1-A: No SRS enhancement is needed in RAN1 specification except specify that a UE uses the same amount of delay for SRS and corresponding PUSCH transmission. RAN4 specify the tolerance of delay mismatch between SRS and corresponding PUSCH. 
· Option 1-1-B: RAN1 define virtualized SRS port(s) with option 1-1. FFS details of virtualized SRS. 
· For UE with capability 3, down select between the following two options
· Option A: use the same solution as for UE capability 2. 
Option B: use the same solution as for UE capability 1. 

	LGE
	Agreed with Intel. 

	OPPO
	Agree with Intel




2.5: others
a): Full coherent UE capability and full Tx power UE capability
Support: Huawei/HiSilicon, CATT, Qualcomm
Not support: Samsung, IDC, LGE, OPPO, vivo
b): merge UE capability 2 and 3
Support: Samsung, vivo, Nokia/Nokia Shanghai Bell, QC, OPPO
Not support: ZTE, NTT DOCOMO, Huawei, HiSilicon
c): antenna switching for UE capability 3 
Support: NTT DOCOMO
d): RRC configurable/signaling of scaling factor
Support: OPPO, LG, CATT
Not support: QC
e): PTRS power for non-codebook based Tx set to “01”
Support: Intel
f): UL full Tx power applicable for all power classes
Support: Huawei/HiSilicon, CATT, CMCC (at least for 2Tx), Qualcomm, Nokia/Nokia Shanghai Bell(at least for 2Tx), ZTE, IDC
Not support: OPPO (only PC 3)
g): UE applies S-CDD for SRS transmission
Support: Qualcomm
h): Simultaneous intra-UE PUCCH and PUSCH transmissions
Support: Qualcomm
i) Prioritize 2Tx over 4Tx for full power Tx
Support: vivo, Intel, CMCC, Spreadtrum 
Not support: Qualcomm, CATT (for now), Ericsson, Samsung, IDC


	Company
	views 

	Intel
	We recommend to prioritize 2Tx case since more investigation on 4Tx UE is needed.
For issue e), our observation is that for NCB based transmission, when PT-RS is present and rank>1, current spec does not allow UE to support full power transmission. 

	CATT
	It’s not clear what “prioritizing 2Tx over 4Tx” means. Maybe the proponents can clarify. 


	
	Have the same question as CATT; unclear why a power scaling mechanism for 2 Tx can’t work for 4 Tx.
Regarding full power for all UE power classes: while we as a network vendor of course appreciate UE support for higher power classes, power class is in RAN4’s specifications, not RAN1’s.  The power scaling schemes we specify in RAN1 should enable UEs to provide good performance with reasonable complexity as independently of UE PA architecture and maximum power as possible.  So we think f) can be addressed by which UE ‘capabilities’ are supported, and RAN4 can then relate the ‘capabilities’ to power class as needed.

	Samsung
	Same view as CATT and Ericsson, we should have a unified solution for both 2 and 4Tx

	ZTE
	Regarding whether UE capability 2 and 3 are merged, from our perspective, the UE capability 3 can achieve the full power gains without introducing of interference among non-coherent antenna ports, e.g., Small delay-CDD, and issue of link adaption compared with capability 2, and consequently we need consider solutions for handling these two cases with the perfect UL performance rather than merging them.

	NTT DOCOMO
	In UE with capability 3, the antenna port switching for full rated PA should be assumed so that the UE can transmit with full power for any antenna port and antenna port combination. (The necessary time duration for the antenna port switching should be studied.) In this case, we believe that UE with capability3 have higher performance than UE with capability 2 since the UE with capability 3 has at least one full rated PA.

	Huawei, HiSilicon
	For (b), Capbility-3 has additional full power related PA, it is beneficial to enable the full power transmission on such PA.
For (f), applicable to power class-2 and class-3, actually, the solutions discussed in RAN1 is no difference for power class-2 and class-3. How to define the test cases for power class 2 or power class 3 can be left to RAN4 definition.

	QC
	Whether UE use Power scaling factor = 1 or other factor <1 can be determined by UE capability. We don’t see the motivation to introducing power scaling factor via RRC signaling. 

	OPPO
	Power class 2 is special in some sense. That is why in RAN4 only two architectures are supported in TDD bands. Furthermore, RAN1 agreement is for Power class 3.
From the view of coverage, for a UE with 2 Tx, the worst case of PC2 is not worse than the best case of PC 3. Considering the coexistence of PC2 and PC 3 in the same network, the coverage of PC 2 UE is not an issue.  
Therefore, the full Tx power enhancement for PC 3 is sufficient. 





3. Previous agreements
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
4. References:
	R1-1903972
	Enhancements on UL MIMO with multiple PAs to allow full power transmission
	Huawei, HiSilicon

	Observation 1: There is no any difference on power class 2 and 3 for the RAN1 discussion of full power transmission schemes.
Proposal 1: Full power transmission should be considered for all ranks for partially / non-coherent UE.
Proposal 2: For full coherent capable UE, partial coherent/non coherent codewords should also be enhanced to support full power transmission.
Proposal 3: Confirm the working assumption that capability-2 can support full power transmission.
Proposal 4: The full power transmission solutions in RAN1 discussion should be used for both power class 2 and power class 3.
Proposal 5: UE capability reporting scheme Alt 1, i.e., through TPMI or TPMI group reporting, should be supported.
Proposal 6: Full power transmission scheme Alt-2 (i.e., Option 3+Option 1-2) should be supported for full power transmission.

	R1-1904015
	Full TX Power UL transmission
	ZTE

	Proposal-1: Option3 or (Opiton3 + Option1-2) should be supported if UE is configured with PA supported power more than 1/N Pcmax.
· power scaling factor should be removed or equal to 1, but introduce PA/ transmit chain/ antenna port power limitation scheme to avoid power overflow. 
Proposal-2: gNB should get the details of UE’s PA capability and corresponding UE’s behavior for power scaling ratio.
Proposal-3: FDM multi-port scheme should be considered and evaluated.

	R1-1904039
	Discussion on the Full TX power UL transmission
	OPPO

	Proposal 1: Confirm the working assumption: For PC3, UE capability 2 can support full power transmission. 
Proposal 2: For codebook based PUSCH, Rel-16 support the power control scheme where the transmit power is scaled with a factor before allocating power to each port. Three scale factors are supported in Rel-16
· Alt.1: Same scale factor as Rel-15 
· Alt.2: The scale factor is the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the configured number of SRS ports for codebook based PUSCH
· Alt.3: The scale factor is 1
· Rel-16 UE reports its support of Alt.2 or/and Alt.3 via optional capability signaling
Proposal 3: For codebook based PUSCH of a UE supporting Alt.2 or/and Alt.3, network can indicate UE via RRC signaling which alternative of Alt.1/2/3 is used for PUSCH power control.
Proposal 4: For codebook based PUSCH, network can configure the codebook subset corresponding fullyAndPartialAndNonCoherent to all Rel-16 UEs.

	R1-1904098
	Further discussion on full Tx power in UL transmission
	vivo

	Observation: For 2Tx, performance of UL full power transmission with UE capability 2 (with new codebook subset) has gain over baseline scheme.
Proposal1: at least for the UE with 2Tx in UL, UE capability 2 supports full power transmission.
Proposal2: for UL full power transmission, “UE capability signaling of power scaling schemes for full uplink power transmission” is supported. 


	R1-1904210
	Discussion on full Tx power uplink transmission
	LG Electronics

	Proposal1: Introduce RRC configurable scaling factor for uplink codebook in order to achieve full Tx power UL transmission.
Proposal2: If UE reports UE capability 1 and 3, UE scales the linear value of PUSCH power by  and the UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power, where  can be configured by RRC parameter.
·  can be either 1 or the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource.
Proposal3: For UE capability 1 and 3, support Option 1-2 + Option 3 as a solution for full power uplink transmission. 
Proposal4: Support Alt 1 (UE capability signaling of supported one or group of TPMI precoder(s)) for full power uplink transmission.

	R1-1904315
	On full power uplink transmission
	Intel Corporation

	Observation 1: For UE capability 2, for 2Tx case, gNB does not need to indicate TPMI to support full power transmission.
Observation 2: To support UE reports whether it supports full power transmission per precoder could support all types of UE capability.
Observation 3: More investigation on antenna structure for 4Tx port is needed.
Observation 4: When PT-RS is present and for rank>1 non-codebook based transmission, Rel-15 UE cannot support full power transmission. 
Based on the observations above, we achieved the following proposals:
Proposal 1: For UE capability 2, the transmission power should be scaled based on the number of configured antenna ports for the associated SRS. 
Proposal 2: For UE capability 2, gNB can configure different antenna ports for different SRS resources and precoder information should not be indicated in DCI.
Proposal 3: On UE capability signalling, it should be supported that UE reports whether it supports full power transmission per precoder, and when UE does not report corresponding capability, it means UE does not support full power transmission for non-coherent/partial-coherent based precoders.
Proposal 4: RAN1 should prioritize full power transmission for 2Tx port case and deprioritize the full power transmission for 4Tx port case.
Proposal 5: To support full power transmission, it should be supported that ptrs-Power could be set to “01” for non-codebook based transmission.

	R1-1904451
	View on full power UL transmission
	Samsung

	Observations: 
· Full TX power UL transmission with multiple power amplifiers is already supported for full-coherent capable UEs in Rel. 15
· Both UE capability 1 and 2 can achieve full Tx power UL transmission
· If the NW is unaware of the information whether a Tx chain has a full rated PA or not, then UE capability 3 is analogous to UE capability 2, hence UE capability 2 and 3 can be merged.
· If the NW is aware of the information whether a Tx chain has a full rated PA or not, then 
· a solution supporting UE capability 3 can be quite complicated, 
· UE implementation complexity can be quite large, and
· UE capability signaling is complicated.

Proposals: 
· Full TX power UL transmission enhancement in Rel. 16 is not supported for full-coherent capable UEs.
· Regarding three UE capabilities,
· UE capability 3 is merged with UE capability 2 (assuming NW is unaware of the information whether a Tx chain has a full rated PA or not)
· Support at least one of UE capability 1 and 2
· Support Alt3 (UE capability signaling of power scaling schemes for full uplink power transmission) for UE capability signaling
· For full power UL transmission,
· a solution based on Option 3 (UL power control) is used for UE capability 1, if supported.
· a solution based on Option 1-1 (new/modified codebookSubset) is used UE capability 3, if supported.
· Support the following Option 3 based solution for UE capability 1 
· PUSCH is scaled by a factor  and the resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted, where 
· , and
· , where
·  = #coherent port groups (for the “most coherent” TPMIs) as in Table 3,
·  = #coherent port groups (for the “most coherent” TPMIs) with a non-zero PUSCH,
·  = #configured ports for the transmission, and
·  = #ports with a non-zero PUSCH transmission.
· Support the following Option 1-1 based solution for UE capability 2 
· Reuse Rel. 15 TPMIs as additional TPMIs
· Additional TPMIs replace some of the Rel. 15 TPMIs
· The number of additional TPMIs (K) should be such that the payload of SRI+TPMI indication remains the same as in Rel. 15.
· K=1, and replace TPMI=0 with a FC TPMI with the smallest TPMI index
· Additional TPMIs are introduced only for the following rank values
· For 2 antenna ports and NC capable UE, additional TPMIs are introduced only for rank 1. 
· For 4 antenna ports and PC capable UE, additional TPMIs are introduced only for rank 1. 
· For 4 antenna ports and NC capable UE, additional TPMIs are introduced only for rank 1, 2, and 3.  

	R1-1904477
	Full TX Power UL transmission
	MediaTek Inc.

	Observation 1: If the antenna switching based approach is utilized, the PUSCH scheduling latency may be impacted as the network may have to assume the longest switching time. 
Observation 2:  Small delay CDD provides robust performance and good performance gain over the Rel-15 non-coherence transmission scheme; depending on the relative phase error characteristics, allowing the use of coherent codewords without the additional small delay CDD operation can be also helpful.
Proposal:   
1) A non-coherence capable UE with capability 2 can be signalled to use a precoder originally designed for partial coherent transmission/full coherent transmission in a Rel-15 UL MIMO codebook; a partial coherence capable UE can be signalled to use a precoder originally designed for full coherent transmission in a Rel-15 UL MIMO codebook. 
2) Small delay CDD can be used for the situation with severe phase discontinuity.
3) Confirm the working assumption: For PC3, UE capability 2 can support full power transmission.
4) UE capability signalling indicates supported one or group of TPMI precoder(s) to enable UE capability 2.

	R1-1904563
	Considerations on UL full Tx power
	CATT

	Observation 1: For option 4 and option 5, the power scaling factors for precoders are unknown to gNB, the performance of UE cannot be guaranteed. 
Observation 2: The performance would be degraded by allowing the non-/partial coherent capability UE to be indicated with precoder(s) that exceeds the UE’s coherent capability. 
Proposal 1: Full transmission power capability for PC3 shall also be applies to PC2.
Proposal 2: Option 2 of the candidate solutions is not defined in the specification.
Proposal 3: UE capability signaling or new power scaling schemes for full uplink power transmission shall reflect the power capability of antenna ports, i.e. reflect which antenna ports are capable to transmit with full transmission power.
Proposal 4: Alt 3 (UE capability signaling of power scaling schemes for full uplink power transmission) is used.
Proposal 5: UE capability signaling and new power scaling schemes for full power transmission in Rel-16 should be applied to fully-coherent UEs.
Proposal 6: For a UE with full transmission power capability, which power scaling scheme for PUSCH is used should be explicitly indicated by gNB.

	R1-1904737
	Full Tx power UL transmission
	CMCC

	Proposal 1: At least for 2Tx UE, all of the UE capability 1, 2, and 3 for both PC2 and PC3 should be supported for full power transmission. 
Proposal 2: To realize full power transmission for capability 2 UE, different antenna ports can be used for different frequency parts of the resource RBs scheduled by the DCI.

	R1-1904797
	Discussion on full TX power for UL transmission
	Spreadtrum Communications

	Observation 1: UE capability 2 is attractive for the UE with no full rated PAs.
Observation 2: New TPMI precoder(s), e.g., precoder   for 2Tx, should be introduced in uplink codebook for Alt 1 to indicate whether UE can use full power transmission.
Proposal 1: Support UE capability 2 to satisfy different UE types for full TX power UL transmission.
Proposal 2:  2Tx case should be firstly discussed.
Proposal 3: Support Alt 3 UE capability signaling of power scaling schemes for full uplink power transmission.

	R1-1904847
	On full power UL transmission
	Ericsson

	Observation 1: 
· Capability 3 UEs could potentially deliver unequal maximum power on different Tx chains
· LTE and NR UL MIMO splits power equally among Tx chains
Proposal 1:
· UEs divide transmitted power equally among non-zero power antenna ports
· UEs can transmit a maximum power Pmax(n,m) over n non-zero antenna ports out of m (zero + non-zero) antenna ports
· UE capability reporting identifies whether Pmax(n,m)=Pcmax for all (n,m) or if Pmax(n,m)<Pcmax for some (n,m)
The following observations were made for the various full power options:
Observation 2:
· Option 1-1 (using a new codebook subset): We find that this approach has performance shortcomings or the UE capabilities are unclear.
· Using a single random phase to virtualize Tx chains can result in destructive combining.
· If a UE supporting coherent TPMIs with reduced relative phase accuracy is to be introduced, it is unclear what this reduced accuracy should be and what UEs would look like that support it.
· Such a capability might be discussed in RAN4 as a fully coherent UE with relaxed performance requirements, but does not appear to be supported by the capabilities currently defined in RAN1.
· If full power is delivered for non-coherent TPMIs, it is not clear how ‘Capabilities’ 2 and 3 can be supported.
· TPMI codebook subset signalling can be complex to manage in gNB and have high overhead, 
· UE capability would be per band per band combination and can have up to 62 bits for each combination.
· Option 2 (applying transparent delay to Tx chains): This approach may have benefits since it enables diversity as well as power gain. 
· The approach does however need to be investigated with evaluations considering rank adaptation.
· Only evaluating this approach for one given rank will only reveal a part of the behaviour. 
· Two approaches are possible 
· Apply the delay to each SRS without virtualization and use an extended codebook (option 1-1 + option 2)
· While a Rel-15 SRS configuration can be used, this limits UE implementation flexibility and may be difficult to test in RAN4.
· This option should avoid redundant TPMIs, since it assumes that the UE is not expected to control the relative phase among some or all of its antenna ports.
· Apply the delay to each Tx chain, virtualizing the SRSs, and use a Rel-15 codebook
· Virtualizing can enable a 4 Tx UE to transmit using 2 antenna ports with 3 dB more power.
· UEs may virtualize Tx chains exploiting their implementation knowledge (e.g. PA powers or limitations due to e.g. emission safety).
· Using multiple SRS resources allows measurement of a full power, fully virtualized 1 port SRS resource in UEs that have a mix of PA powers.  This is not possible when only a single multi-port SRS resource can be used.
· SRS may be directly measured to determine TRI/MCS/TPMI/SRI, and straightforwardly tested.  
· Some additional SRS overhead may be needed, but can be managed if needed through aperiodic SRS and/or limiting use of large SRS resources to high SINR conditions.
· Option 1-2 (new codebook scale factors) and Option 3 (modifying power control scaling factors): We find that two options have equivalent behavior for codebook-based transmission.  Since option 3 is considerably simpler than option 1-2, option 3 is the better choice among the two.
· Option 4: It is not clear to us how full power UL transmission could be obtained using this approach. 
· Option 5: This approach is undesirable since it will make the scheduling at the gNB less efficient.  It is also unclear what the performance gain of such a UE over Rel-15 is, since the increase in power delivered is not specified.
Observation 3:
· Option 1-1 is performance wise on par with the current Rel-15 specification. 
· Option 1-1 combined with option 2 gives some limited performance gains compared to the Rel-15 specification for the ULA structured UE. 
· Option 2-2 gives similar performance gains as combining option 1-1 and option 2 for 4 Tx, but gives substantially better performance for 2 Tx when directional antennas are used.
· Option 3 gives large performance gains in particular on cell edge for both investigated UE structures. 
In summary, we observe:
· From a performance perspective, only option 3 was found to provide substantial performance gains. 
· Option 2 has some promise, but has only shown limited performance gains in our investigations
· However, we understand option 2 is of high interest to UE vendors and are open to considering it further
· Option 2 can be implemented using an extended codebook or via virtualized SRS; virtualization seems a better way from a UE implementation and testing perspective.
We therefore propose:
Proposal 2:
· Downselect to one of the following alternatives
· Alt 1: Support Option 3
· UEs are configured to use a modified 38.213 power scaling such that full power is delivered when ports are not virtualized
· Alt 2: Support Option 3 + 2 
· UEs are configured to use a modified 38.213 power scaling such that full power is delivered
· Scaling for either virtualized or non virtualized can be configured
· UEs can be configured to transmit one or multiple SRS resources with different numbers of ports in different resources
· UE implementations may virtualize Tx chains to form SRS ports 
· Rel-15 non-coherent TPMIs are used
· Alt 3: Support Option 3 + 2 + 1-1
· UEs may be configured to use a modified 38.213 power scaling such that full power is delivered 
· Scaling for either virtualized or non virtualized can be configured
· UEs can be configured to transmit one or multiple SRS resources with different numbers of ports between resources
· UE implementations may virtualize Tx chains to form SRS ports 
· Rel-15 non-coherent TPMIs are used
· Define extended codebooks for partial- and non-coherent UEs
· For non-coherent UEs 
· UEs are not expected to maintain the relative phase between antenna ports over multiple slots
· For partially-coherent UEs 
· UEs are not expected to maintain the relative phase between antenna ports 0&1 or 2&3 over multiple slots
· Codebooks are extended without redundant TPMIs
· The absolute value of one precoding matrix should not be the same as the absolute value of another precoding matrix.
· UEs configured are configured to use the extended subsets, and need not support the modified power scaling
· The number of values of full power UE capability is minimized
· Specify the modified power scaling needed for the agreed alternative according to the text proposal in section 5.

	R1-1904880
	Capability Signaling for Full TX Power UL 
	InterDigital, Inc.

	Proposal 1: Different scaling solutions should be allowed to match UE capability.
Proposal 2: For Cap3 UEs, use a single bit to indicate the TPMI subset supporting full TX power transmission.

	R1-1904968
	Full Tx Power UL transmission
	NTT DOCOMO, INC.

	Proposal 1: 
· Confirm the following working assumption.
· 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)
Proposal 2: 
· In UE capability 2, how to determine the value of delay should be discussed for each of following cases:
· Non-coherent capable UE with four antenna ports
· Partial coherent capable UE with four antenna ports
· Non-coherent capable UE with two antenna ports
Proposal 3: 
· In UE with capability 3, the antenna port switching for full rated PA should be specified so that the UE can transmit with full power for any antenna port and antenna port combination.
· For UE with capability 3, the necessary time duration for the antenna port switching should be studied.
Proposal 4: 
· Alt3 (UE capability signaling of power scaling schemes for full uplink power transmission) should be supported for UE capabilities 1/2/3. 
Proposal 5: 
· Consider CDD to achieve higher received power for two-layer, four antenna port UL transmission with partial coherent UE with capability 2.

	R1-1905028
	Full Tx power for UL transmissions
	Qualcomm Incorporated

	Proposal 1: Confirm the following working assumption
· For PC3, UE capability 2 can support full power transmission.

Proposal 2: Extend the definitions of the three capabilities to UEs of any power class and to UEs with coherent antenna capability.
Proposal 3: In UE capability signaling, UE indicates its capability to support which power scaling schemes for UL full power transmission. 
Proposal 4: For 2 Tx UEs and 4 Tx UEs belong to the same capability category, adopt a unified solution to support UL full power transmission.
Proposal 5: Adopt the solutions in the following table to support full power UL transmissions in Rel-16.
	Solution
	non-coherent and partial/non-coherent antenna ports
	Coherent antenna ports

	UE capability 1
	The linear value of power  is divided equally among the non-zero PUSCH ports

	UE capability 2
	· adopt option 1-1 + option 2 to add a subset of precoders with nonzero entries to PUSCH codebook. 
· For existing precoders with zero entries in Rel-15 PUSCH codebook, adopt option 5 to support full power UL transmissions 
	For existing precoders with zero entries in Rel-15 PUSCH codebook, adopt option 5 to support full power UL transmissions 

	UE capability 3
	
	



Proposal 6: Option 1-1+option 2 is implemented by allowing the following PUSCH precoders with non-zero entries that span across non-coherent antenna ports with up to UE implementation e.g. a small cyclic or linear delay may be applied across non-coherent antenna ports.
· Introduce a new codebookSubset = “noncoherentWithCyclicDelay” in 38.212 Section 7.1 for UEs with noncoherent antennas to include:
· TPMIs 0 to 2 in 38.211 Table 6.3.1.5-1 (Single-layer transmission using two antenna ports).
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding). 
· TPMIs 0 to 4, 8, and 12 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding).
· TPMI 0 to 6 in 38.211 Table 6.3.1.5-5 (Two layer transmission using four antenna ports without transform precoding),
· and TPMI 0 to 1 in 38.211 Table 6.3.1.5-6 (Three layer transmission using four antenna ports without transform precoding).
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “nonCoherent” in 38.212
· Introduce a new codebookSubset = “partialAndNonCoherentWithCyclicDelay” in 38.212 Section 7.1 for UEs with partial and noncoherent antennas to include:
· TPMIs 0 to 19, in 38.211 Table 6.3.1.5-2 (Single layer transmission using four antenna ports with transform precoding).
· TPMIs 0 to 19 in 38.211 Table 6.3.1.5-3 (Single layer transmission using four antenna ports without transform precoding). 
· For Tables not listed above, set of allowed TPMI remains same as that for codebookSubset “partialAndNonCoherent” in 38.212.
· Support of this feature of Option 1-1+Option 2 is subject to UE capability per band-band combination.

Proposal 7: To support option 1-1 + option 2, NO SRS enhancement is needed in specification except requiring the same amount of delay applied to SRS sounding and corresponding PUSCH transmission. UE transparently applies a small cyclic or linear delay to a subset of existing SRS ports defined for codebook-based PUSCH.   
Proposal 8: Adopt Option 5 as agreed in RAN1 #95 meeting to support UL full power transmissions with precoders with zero entries.
Proposal 9: For UE with MIMO capability, support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.
· Channel dropping is applied if the sum rank or sum power of the simultaneous transmissions exceeds UE capability.


	R1-1905066
	On the Full TX Power UL transmission
	Nokia, Nokia Shanghai Bell

	Observation 1: No full power Tx solution is needed for UE capability 1.
Observation 2: There is overlap between UE capability 2 and UE capability 3.
Proposal 1: Confirm the Working Assumption that for PC3, UE capability 2 can support full power transmission.
Proposal 2: Support to adjust the non-coherent and partial-coherent codebook size with a new codebook subset.
Proposal 3: Support to extend the solution of UE capability 2 to power class 2 UE, at least for 2Tx UE.
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