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1. Introduction
Following objective on full power transmission in case of uplink transmission with multiple power amplifiers at the UE is included in Rel-16 NR MIMO WID:

· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
RAN1#94bis agreements are listed in section 3.

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

2. Key issues 

1) PUSCH transmission:
Option 1: Refinement/adjustment of UL codebook is supported
Option 1-1: Support a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
Support: vivo, MediaTek, OPPO, Qualcomm, Nokia, AT&T
Option 1-2: Introduce additional scaling factor for uplink codebook
Support: LG, ZTE (+option 3), Intel, AT&T, Samsung (or +option 3), Huawei, HiSilicon (+Option-3)
Option 2: UE transparently apply a small cyclic or linear delay
Support: MediaTek, Qualcomm
Option 3: Power control mechanism to be modified to support UL full power transmission without precluding the use of full rated PA(s). 
Support: Spreadtrum (+option 4), ZTE, Samsung, Ericsson, Huawei, HiSilicon (+option 1-2), CATT (RF structure dependent PC scheme)
Option 4: Up to UE implementation (no specification impact)
Support: OPPO, Apple (FFS PHR report), InterDigital, AT&T

Proposal: [to be filled based on comments/discussion]
Please provide comments, views:
	Company
	Comment 

	Huawei, HiSilicon
	Support the combination of Option 1-2 and Option 3. 
Only single of the option cannot be address the issue for full power transmission in Rel-16. If only with Option 1-2, then the transmit power is scaled with non-zero antenna ports/ totally antenna ports, so for non-coherent UE or partially coherent UE, only part antenna ports are active, so that the full power can not be used.
If only with Option 3, as the UL codebook defined in Rel-15, 1/2 is the unified scaling factor for both 1 antenna transmission and 4 antenna transmission cases. But if need the full power transmission, the normalized factor should be 1 without the reduction of transmission power.
Then, for Option-2 and 4, it seems transparent for Spec. For the combination of Option 1-1 and Option-2 small delay CDD, there is mismatch between antennas for non-coherenet or partial coherent UEs for amplitude and phase. Even with small delay CDD, it is only randomize the phase deference. But can not address the issue for the mismatch. Especially in the case of one antenna is blocked cases. The power transmission on the blocked antenna is wasting energy without benefits [Simulation results shown the issues in R1-1812687].   

	Samsung
	Support Option 3 or Option 1-2+Option 3
We have similar view as Huawei, “power scaling” based solution should be supported for UL full power Tx. Re Option 1-1, we are not sure we can achieve full power by combining (precoding) non-coherent UE antennas since UE can’t control the phase across them. Option 2 and 4 alone are out of scope.

	LGE
	Ok with the combination of option 1-2 and option 3

	Intel
	We are wondering whether this is applicable for both FR1 and FR2. For FR2, the maximum Tx power is EIRP-based. Further, for FR2, UE cannot always support full power transmission due to emission safety requirement.
Further, we noticed some companies also propose to support full-power transmission should be optional. Can we agree it be optional first? This may be helpful for down-selection.
[Rakesh: in my understanding this discussion main about FR1], regarding optional or UE capability it is for further discussion

	InterDigital
	The reasonable approach would be Option 3, however since it is not clear how Option 3 could be devised without having a clear understanding of the uplink RF structure, i.e., whether full power PA is employed, and if it is employed, how many and how (shared or not shared), we believe that Option 4 seems to be a more realistic solution at this stage. 

	CATT
	Support option 3. 
We don’t see the need of combined option 1-2 and option-3, as in our view (1) the scaling factor of codebook is irrelevant in UL power, (2) option 3 fully solves the issue and we don’t think option 1-2+option 3 provides any additional benefits, and (3) option 1-2 essentially introduces new UL codebook which has non-trivial spec impact.

	OPPO
	Support Alt.1-1 or Alt.4 since they can achieve the full power UL transmission without additional PA requirement. One big issue regarding Option 3 is the power efficiency of PA due to the fact that operation range are usually far away from its maximum output power, which will lead to power consumption problem for UE. 

	ZTE
	Support Alt 1-2 and 3. Meanwhile, for Alt-3, our supports are based on the following requirement:
· For the UEs without such powerful capability, the Rel-15 scheme can be used.
· Otherwise, for the UEs with the enhanced capability of UL full-power transmission, each antenna port shall be associated with one PA, each of which can support to reach Pcmax, e.g. 23dBm. 
But we can live with Alt 1-1, if the above requirement for Alt-3 cannot be supported.

	QC
	Support Option 1-1 + Option 2. 
Also support option 4 with the following more details proposed: 
Updated option 4: The linear value  of a PUSCH transmission power is scaled by a ratio .  The value of is selected up to UE implementation within the range of [, 1],  where  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  value on different occasions of PUSCH transmissions with the same precoder for codebook based PUSCH 



For non-codebook based UL transmission 
Note: there are two ways to operate non-codebook based UL transmission, i.e. without associated NZP CSI-RS and with associated NZP CSI-RS
Option1: No spec change for non-codebook based transmission is needed to support full power transmission.
Support: Intel, vivo
Option2: Spec support for full power transmission for non-codebook based UL transmission.
Support: CATT, ZTE, Ericsson, Lenovo (see#2.3 below), Huawei
Option3: Decision is postponed until the scaling rule of Rel-15 power control mechanism is stable. 
Support: OPPO, ZTE

Proposal: [to be filled based on comments/discussion]
	Company
	Comment 

	Huawei, HiSilion
	For supporting full power transmission, the power scaling factor should be removed or equal to 1 in Rel15 and 16. 
Since the NCB is based on the beamformed SRS, where the SRS will be from the all possible antennas, and the power splitted equally. So, the full power should be supported in NCB in both Rel-15 and Rel-16 (no change the transmission mechanism). 
Even with the case, 4 SRS ports transmitted (but selected only two in SRIs for PUSCH transmission), then transmission power should be boosted to full power other than 1/2 power for PUSCH transmission. 

	Samsung
	Support Option 2; the power scaling = 1/sqrt(#ports indicated by SRI) should be sufficient.

	LGE
	Option 1 is the baseline, since UE implementation impacts and complexity are not clearly understood yet, compared to the CB-based UL case.

	Intel
	This is not needed as in NCB the precoder is transparent. 

	CATT
	Support option 2. The choice of PA combinations, power split and virtualization is up to UE implementation, but the total power anyway needs to meet the power class requirement.   

	OPPO
	Regarding non-codebook based UL MIMO, There are still some discussions/draft CRs for the Rel-15 power control mechanism in this meeting. We cannot make a decision for Rel-16 until the Rel-15 spec is stable. Thus we add Option 3

	ZTE
	For non-codebook based transmission, the power scaling factor should be equal to 1. The full power control for non-codebook transmission should be supported in Rel-16 as a mandatory feature. 
We share the same views with OPPO. This discussion should be postponed after some conclusions on Rel-15 PUSCH power scaling are reached

	Lenovo, Motorola Mobility
	Power scaling can be added to non-codebook based PUSCH. But it does not fully solve the issue because the SRS precoder is up to UE implementation and is transparent to gNB, the TX powers at the antenna ports are not uniform. Additional signaling may be required.   

	QC
	Support option 1. 



Observation: views from companies are still diverse, it seems further discussion is needed. After short offline discussion with few companies, few main concerns raised are impact on UE hardware implementation, RF circuitry stability, especially for non-codebook based transmission gNB has no knowledge whether UE virtualizes or not, introduce new UE capability etc. 
To facilitate discussion in my view further breakdown as below would be helpful. 
UL full power transmission for:
· Codebook based UL transmission
· Non-codebook based UL transmission without associated NZP CSI-RS 
· Non-codebook based UL transmission with associated NZP CSI-RS

2) others
#2.1: [15] a small cyclic or linear delay to a subset of existing SRS ports defined for codebook-based PUSCH. The same amount of delay is applied in SRS sounding and corresponding PUSCH transmission.
#2.2: [15] support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol.
#2.3: [17] UE can send gNB baseband transmission power information for SRS resources configured for non-codebook based PUSCH transmission or SRS combinations.
#2.4: [12] New UE power class should be introduced to achieve full power transmission.
#2.5: [7][14][16] . Support UE capacity indication of its full Tx power capability
#2.6: [4] To support full power transmission should be an optional UE feature

#2.7: [14] UEs with full power transmission capability the antenna ports from SRS resource set , transmitted in transmission period i, are transmitted with the power i,  per antenna port.
#2.8: [7] send an LS to RAN4 for associated antenna power capability

Proposal: [to be filled based on comments/discussion]
Please provide comments, views:
	Company
	Comment 

	Huawei, HiSilicon
	It is difficult to require all of the UE have the capability of full power transmission. So, UE capacity indication of its full Tx power capability should be supported. Then, different antenna architecture will be impacted the Pc scalling and codebook normalization factor, so should be indicated as well.

	Samsung
	Support UE capability signaling. 

	LGE
	Whether or not to support full power transmission should be signaled by gNB based on the UE capability. 

	CATT
	For codebook-based MIMO, full power should be a UE capability.

	OPPO
	It should be supported as an optional UE capability.

	QC
	We think UE capability signaling related to PA structure is not needed. Whether/How to support full power UL transmissions should be transparent to UE PA structure/implementation. 

Also, proponents supporting adding UE capability signaling should propose concrete proposals on how to do the signaling. Without seeing concrete proposals on the table, we cannot accept adding UE capability signaling on UE PA structure.  

Another comment is that, “support simultaneous intra-UE PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol” can be another solution to allow UE transmits with full power, if no consensus can be made among option 1/2/3/4.




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)
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