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Introduction
The objective of full transmission power of UL in the WID of R16 MIMO is as follows [1]:
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
In RAN1 #96bis meeting, the following agreement was achieved on UE capability signaling for uplink full Tx power: 
	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.


In the same meeting, the following agreement on power control scheme was achieved:
	For 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

Supported UE capabilities and supported scheme for UE capability 1
· Option 3
· FFS: Whether to additionally support Option 1-2

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



In this contribution, we share our views on uplink full Tx power transmission.
Discussion
Solutions for different UE capabilities
RAN1 has agreed to support UE capability 1 and 3, and consider UE capability 2 as a working assumption. Although it is desirable to have a single unified solution for different UE capabilities, it might be so that different UE capabilities end up with different technical solutions. 
· 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 
· 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 
· 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
UE capability 1
For a UE supports UE capability 1, full rated PAs on each Tx chain is supported, UE is capable to transmit at full power with any PA. In order to make full use of UE’s transmission power, power scaling procedure in Rel.15 can be removed for UE capability 1. No further optimization is needed. 
Proposal 1: 
· For UE capability 1, full power transmission is achieved by removing the existing Rel.15 power scaling.

UE capability 2
For a UE with UE capability 2, no Tx chain is assumed to deliver full power. In RAN1 #96bis meeting, it was agreed that one of the below solutions is to be selected for UE capability 2:
	· 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.



For Alt-1, the following observations are noted: 
· Rel.15 codebook-subset-restriction (CBSR) is uniquely determined based on UE coherent capability, and there are a total of three CBS (e.g. non-coherent UEs can be configured with non-coherent CBS, partial-coherent UEs can be configured with non-coherent/partial-coherent CBS, and full-coherent UEs can be configured with non-coherent/partial-coherent/full-coherent CBS). For Alt-1, details on the CBS need to be clarified in order to assess the specification and implementation impacts. For instance it is unclear if the proposal is to reuse the existing Rel.15 CBS but allow different configuration to different types of UEs, or to introduce new CBS in Rel.16. These details are needed to evaluate the impact to RRC/L1 signaling. 
· Assuming the WI intends to improve system performance (rather than just increasing inter-cell interference), it was agreed in past meeting that the performance of UE capability 2 is to be evaluated against the baseline non-coherent UE performance in Rel.15. Previous simulation results from companies have raised concerns where the performance of Alt-1 for UE capability 2 is worse than Rel.15 non-coherent UE, at least in specific cases [2]. (Note that some companies have shown performance gain over Rel.15, but also in limited scenarios). One of the possible explanations is that non-coherent UE is not able to maintain phase continuity between SRS and PUSCH transmission instances, and therefore any TPMI selected by gNB may not be achievable by the UE, causing a SNR mismatch between MCS scheduling and PUSCH data. 
· Although CDD may alleviate the SNR mismatch by applying a small, random, delay on various Tx chains, several issues need to be addressed for it to be acceptable. First, the effectiveness of CDD depends on the PUSCH transmission bandwidth, and its performance for a cell-edge UE with a small PUSCH allocation needs to be verified. Second, even though CDD is transparent in RAN1, a testing mechanism needs to be in place in RAN4 to ensure its implementation; otherwise system performance may still be in jeopardy.  
Observation 1:
· Alt-1 without CDD may be susceptible to performance loss compared to Rel.15. 
· Alt-1 with CDD may eliminate this problem; however its performance for a cell-edge UE with small allocation bandwidth requires validation. 
Proposal 2:
· If Alt-1 is to be adopted, a testing mechanism needs to be in place in RAN4 to validate the implementation of CDD. 
Currently we do not see the need of additionally supporting option 1-2, as in our understanding the transmission power is entirely determined by power scaling, and has nothing to do with precoder coefficient. Instead, changing precoding efficient introduces new codebook, which is out of the scope of this WI. 
Observation 2: 
· Option 1-2 is not needed as the transmission power is unrelated to precoding matrix coefficient.

For Alt 3-1, one possible transmission is proposed during email discussion after RAN1#96bis:
	· UE virtualizes Tx chains when configured with an SRS resource that has fewer ports than the number of Tx chains
· E.g. SRS can be virtualized to 1 port resource for 2 Tx, and a non-virtualized 2 port resource can also be transmitted.
· Transparent CDD (‘option 2’) or other virtualization may be used
· PUSCH power is scaled by (# non-zero ports) / (# SRS ports in SRS resource indicated by SRI)
· UE uses TPMI to select non-zero antenna ports but not to control relative phase among ports for PUSCH transmission
· gNB directly measures SRS ports and maps one per layer according to hypothesized TPMI to calculate CQI/TPMI/RI



The following are noted for Alt 3-1: 
· In Rel.15, full power is achieved with both DCI format 0-0 and DCI format 0-1. DCI format 0-0 doesn’t require any configuration of SRS, and how gNB acquires UL CSI is up to gNB’s implementation. DCI format 0-1 achieves full power when each configured SRS resource has 1-port, which is virtualized from multiple PAs. From this perspective it may be argued that full power is already achieved in Rel.15, but with some scheduling restriction. For instance, DCI format 0-1 based approach does not allow closed-loop beamforming with rank adaptation.  
· The intention of Alt 3-1 is to emulate the behavior of DCI format 0-1, while still allowing CLB with rank adaptation. This is done by configuring both 1-port and multi-port SRS resources to the UE. When 1-port SRS resource is indicated, full power is achieved by virtualization (same mechanism as Rel.15 DCI 0-1 with 1-port SRS). When multi-port SRS is indicated, closed-loop beamforming is enabled (same mechanism as Rel.15 DCI 0-1 with N-port SRS). 
· As both 1-port virtualized SRS and N-port SRS are already supported in Rel.15, UE’s implementation is not considered as an issue at all.  

Proposal 3:
· For Alt 3-1, indication of 1-port SRS resource falls back to Rel.15 DCI format 0-1 behavior (with 1-port SRS configured), where the virtualization of SRS is up to UE’s implementation and is transparent to gNB. 
	
The difference of Alt 3-2 and Alt 3-1, in our interpretation, is that new codebook subsets are introduced for SRS resources with ports number fewer than the maximum number of ports UE supports. Further study on Alt 3-2 is needed. Firstly, whether it can achieve better performance than option 1-1 is unclear. Secondly, if Alt 3-1 meets the full power requirement, whether the performance gain of Alt 3-2 over Alt 3-1 (if any) justifies the additional specification efforts requires further discussion. 

For Alt-5, full power is achieved by making use of transmission power of different antenna ports in different frequency domains. This is driven by the fact that a half-rated PA over half-transmission bandwidth results in the same power spectrum density as a full-rated PA over full bandwidth. The following are noted.
· Alt-5 is applicable to both CP-OFDM and DFT-S-OFDM. With DFT-S-OFDM, two separate DFT transform precoding are likely needed in two chunks of frequencies, with one chunk transmitted on each PA. That being said, DFT-S-OFDM is limited to rank-1 without rank adaptation, and in our view this is a lower-priority scenario in this WI because it can be readily supported by DCI 0-1 with 1-port SRS in Rel.15. The focus of this WI should be on CP-OFDM with dynamic rank adaptation. 
· UE’s behavior for transmit precoding and PUSCH resource mapping with DCI 0-1 needs to be updated to reflect different PAs being used in different chunks of frequency assignment. To minimize specification impact and DCI payload increase, it is possible to reuse the Rel.15 SLIV and TPMI field, where the first half frequency assignment uses the TPMI field as Rel.15, and the second half frequency assignment uses a flipped precoder.  
Proposal 4: 
· Focus on CP-OFDM with alt-5. 
· Study a mechanism to reuse Rel.15 DCI 0-1 format as much as possible. 

UE capability signalling
In our interpretation, different transmission schemes/power scaling rules would be specified for various UE capabilities. Except for “UL full power Tx capability”, additional signaling to identify different UE capabilities is needed.

Both signaling of  supported one or group of TPMI precoder(s) and signaling of supported transmission schemes/power scaling rules can be used to identify UE’s capability. As the overhead of signaling TPMI precoders would be larger than the signaling of supported transmission schemes/power scaling rules, signaling on supported transmission schemes/power scaling rules is preferred. One simple way is to let UE report the number of antenna ports that support full power transmission. Then the three UE capabilities can be identified.  Moreover, if UE capability 3 is reported, a power scaling rule/transmission scheme related to the number of full rated antenna ports can be used.
Proposal 5:
· Additional signaling that identifies UE’s capability is introduced. 
· UE reports the number of antenna ports that support full power transmission.
Full power transmission is already supported in Rel.15 when a fully-coherent UE is scheduled with fully-coherent TPMI. It was discussed in the previous meetings on whether full power transmission should be supported when a fully-coherent UE is scheduled with a non-coherent/partial-coherent TPMI. In our view this is an important enhancement with realistic benefits. Different TPMI entails different beam direction, shapes, and full power functionality should not be artificially limited to some but not all beams. 

Proposal 6:
· UE capability signaling and new power scaling schemes for full power transmission in Rel-16 should be applied to fully-coherent UEs. 

Simulation results
We provide the performance comparison of 4Tx UEs with different coherent capabilities under different codebook subsets. In the simulation, Rank 1 is simulated because these are coverage limited UEs and are the most relevant use case. MCS and TPMI are dynamically selected based on the measurement of SRS. The relative phase errors of PUSCH among non-coherent Tx antenna groups follow a uniform distribution where a non-coherent UE has 4 coherent Tx antenna groups, a partial-coherent capability UE has 2 coherent Tx antenna groups, and a fully-coherent UE has only one coherent Tx antenna groups. Other simulation assumptions are given in Table AI in the Appendix. In figure 1, ‘FC-UE’, ‘ PC-UE’ and ‘ NC-UE’ denote fully-coherent UE, partial-coherent UE and non-coherent UE, respectively. ‘FC-CBS’, ‘PC-CBS’ and ‘NC-CBS’ denote codebooksubset of 'fullyAndPartialAndNonCoherent' , 'partialAndNonCoherent' and nonCoherent' , respectively.
From Figure 1, it can be seen that
· For a partial-coherent UE with 4Tx, the codebooksubset of 'partialAndNonCoherent' outperforms the other two codebooksubsets, and the codebooksubset of 'fullyAndPartialAndNonCoherent' has the worst performance;
· For a non-coherent UE with 4Tx, the codebooksubset of 'nonCoherent' performs best compared to the other codebooksubsets, and similar performance is achieved by the codebooksubsets of  'partialAndNonCoherent'  and 'fullyAndPartialAndNonCoherent'.

Observation 3:
· 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. 
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Figure 1: Performance comparison for UEs with different codebook subsets.

Conclusion
In this contribution, we discussed the full transmission power for UL MIMO. It is obvious that:
Observation 1:
· Alt-1 without CDD may be susceptible to performance loss compared to Rel.15. 
· Alt-1 with CDD may eliminate this problem; however its performance for a cell-edge UE with small allocation bandwidth requires validation. 
Observation 2: 
· Option 1-2 is not needed as the transmission power is unrelated to precoding matrix coefficient.
Observation 3:
· 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. 

It is proposed that:
Proposal 1: 
· For UE capability 1, full power transmission is achieved by removing the existing Rel.15 power scaling.
Proposal 2:
· If Alt-1 is to be adopted, a testing mechanism needs to be in place in RAN4 to validate the implementation of CDD. 
Proposal 3:
· For Alt 3-1, indication of 1-port SRS resource falls back to Rel.15 DCI format 0-1 behavior (with 1-port SRS configured), where the virtualization of SRS is up to UE’s implementation and is transparent to gNB. 
Proposal 4: 
· Focus on CP-OFDM with alt-5. 
· Study a mechanism to reuse Rel.15 DCI 0-1 format as much as possible. 
Proposal 5:
· Additional signaling that identifies UE’s capability is introduced. 
· UE reports the number of antenna ports that support full power transmission.
Proposal 6:
· UE capability signaling and new power scaling schemes for full power transmission in Rel-16 should be applied to fully-coherent UEs. 
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Appendix
Table A1．Simulation assumptions
	Parameters
	Values

	Waveform
	CP-OFDM

	Carrier frequency
	4GHz

	PUSCH bandwidth
	20RB

	Channel model
	CDL_A

	UE antenna configuration
	4

	BS antenna configuration
	16

	Transmission rank
	Rank-1 fixed

	Link adaption
	On

	Mobile speed
	3 km/h

	Receiver
	MMSE
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