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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)
Based on the submitted contribution in this meeting, potential issues and solutions are identified in next section 

2. Key issues 
1) Power class related:
Following items are discussed in tdocs:
#1.1: [7][10] RAN4 to define RF architecture for power class 3 (RF architecture is already defined for power class 2 in RAN4), send LS to RAN4
#1.2: [14] new UE power class where the maximum Tx power (23dBm) won’t be reached for non-coherent and partial-coherent UEs
#1.3: [2][7][11] new UE capability allowing full power transmission

Proposal: for Rel-16 UL full power transmission, consider following options:
Option 1: introduce new UE capability indicating RF architecture in RAN1
· e.g., for 2Tx power class 3 UE: (20+20)dBm, (23+20)dBm, (23+23)dBm
Option 2: not introduce new UE capability for indicating RF architecture in RAN1
· RAN1 solution is not dependent on RF architecture
Note: according WID no change in power class is assumed.

Please provide comments, views:
	Company
	Comment 

	CATT
	Postpone. This can be discussed after RAN1 studies each proposal and selects a final solution. 

	Intel
	Support Option 1

	Nokia, NSB
	Option 1 is a viable solution but RAN4 will have the final say.

	OPPO
	Share the same view as CATT

	Huawei, HiSilicon
	Per antenna power capability discussion should be in RAN4, we can send an LS to RAN4 to discuss this issue.

	LGE
	Same view with CATT

	Samsung
	Same view as CATT

	MediaTek
	Share the same view as CATT

	Qualcomm
	Support option 2

	vivo
	Support option 2. Alternatively the proposal can simply be “RAN1 solution is not dependent on RF architecture”.

	ZTE
	Same the same view with CATT




2) PUSCH transmission:
Following schemes are discussed in tdocs:

Codebook refinement
#2.1: [3][4][6][12] Introduce new UE capability supporting a new codebookSubset for non-coherent and partial-coherent transmission capable UEs
#2.2: [1][8][14] change the normalization of the scaling factor of all uplink codebook.

Port virtualization
#2.3: [4][12]UE transparently apply a small cyclic or linear delay 

Proposal: Potential solutions for UL full power transmission:
Option 1: refinement/adjustment of UL codebook is supported
Option 2: UE transparently apply a small cyclic or liner delay

Please provide comments, views:
	Company
	Comment 

	CATT
	Not support either option. 

	Intel
	Support Option 1

	AT&T
	Support Option 1

	Nokia, NSB
	Option 1 is okay if the “adjustment” is minor. We also want that any “adjustment” shall be applied to Rel-15 UL codebook as well.

	OPPO
	According the proposal, 2.2 and 2.1 belong to option 1, but they may have different requirements on UE RF architecture.  2.1 and 2.3 are attracting solutions if the performance is justified.
[Rakesh]: Yes, 2.1 and 2.2 are different solutions and is somehow related to UE RF architecture. I just tried to categorize as codebook enhancement based on contributions.

	Huawei, HiSilicon
	Some clarification is needed on the Options:
1. In Option-1, whether both power scaling factor change and power control update are also included? 
[Rakesh]: in my understanding removing scaling factor only doesn’t solve the problem, it is also related to control mechanism.
2. For Option-2, the scheme is transparent in Spec, whether there is no spec impact?
[Rakesh]: yes it could be spec transparent.

	LGE
	Slightly prefer Option 1

	Samsung
	We are open to Option 1. But, UL PC based solution is cleaner in our view.

	MediaTek
	Support Option 1. Note 2.2 does not solve the full tx power problem fundamentally. Note when the NR UL codebook design was finalized, Ran1 didn’t have any idea what qualifies a UE as “coherent transmission capable UE”. Now with the RAN4 requirements available, allowing a UE reporting non-coherence capability to transmit a full-coherent codeword is a feasible solution. We would like to clarify our position on Option 1 with this note.
[Rakesh]: Yes, it is also related to power control mechanism
MTK also suggested to remove “introduce new UE capability” from #2.1

	Qualcomm
	The current proposal is not clear. Need clarifications what do “adjustment” and “refinement” mean exactly? 
If “adjustment” in option 1 means #2.2 “change the normalization of the scaling factor of all uplink codebook”, we think this “adjustment” is useless. The normalization factor for precoder has nothing to do with full power transmission. It is just a dummy scaling for normalization of precoder in digital domain. You can set it to any number and it still will not change UE transmission power, if ignoring the impact to fixed point design in baseline.
[Rakesh]: Yes, it is also related to power control mechanism
If remove #2.2 aspect in option 1, then option 2, i.e., cyclic/linear CDD is just an approach to “refine” the UL precoder.
[Rakesh]: #2.1 aspect of option 1 require spec change, on top that option 2 can be applied in spec transparent manner.

	vivo
	Option 1 with new codebook subset for non-coherent and partial-coherent UEs

	ZTE
	Support Option 1. Revising the scaling factor of some part of UL codebook,  as shown in [1], can make spec more clear and also ensure fair comparison between different codewords, if any, in the future



Power control
#2.4: [1][3][5][9][11][13][14]adjust power control formula to allow full power transmission using antenna ports with non-zero PUSCH transmission (there are slight different variant proposals from different companies), this will require full rated PA on each TX chain.

Proposal: Rel-15 power control mechanism for PUSCH to be revisited to support UL full power transmission.
Please provide comments, views:
	Company
	Comment 

	CATT
	Support in general. Details can be further discussed, e.g. which set of ranks and/or precoders should this new scaling rule be applied to. The statement in #2.4 is therefore incomplete and should be revised to “this may or may not require full rated PA on each Tx chain”.

	Intel
	Do not support

	AT&T
	Support the proposal

	Nokia, NSB
	Eventually we will have to address the power control part since Rel-15 already has related text. But RAN1 shall have a decision on the solution first.
[Rakesh]: Yes, but there is possibility in Rel-15 not requiring full power transmission for non-coherent and partial-coherent UEs

	OPPO
	This issue is related to Issue 2.1/2.2/2.3. If some scheme from 2.2/2.2/2/3 is agreed, this proposal seems unnecessary. 
[Rakesh]: Yes

	Huawei, HiSilicon
	Do you mean change it in Rel-15? Here is for Rel-16 discussion, so we only focus on the discussion on Rel-16.
[Rakesh]: Depends on Rel-15 agreement, if it is solved in Rel-15 then Rel-16 may not need to discuss.

	LGE
	Same view with Huawei that discussion related to Rel-15 should be done in the CR session.

	Samsung
	Support PC based solution in Rel. 16

	MediaTek
	This really depends on the final design we will agree on. This should not be pursued as a separate effort from 2) (PUSCH transmission)
[Rakesh]: Yes, I tried to put it as one option.

	Qualcomm
	Do not support this proposal
The proposal enforces UE to have a full rated PA in Tx chain which is unnecessary. How to support full power should be up to UE implementation based on UE’s PA implementation. 

	vivo
	Similar view as Qualcomm, UE to have a full rated PA in Tx chain is necessary

	ZTE
	We think there is no consensus to support full power transmission in Rel-15. In Rel-16, UL power control solution can be further discussed for supporting full-power transmission. 




3) others
#3.1: [12] PUCCH and PUSCH transmissions cross non-coherent or partial coherent antenna ports on one OFDM symbol for UE with MIMO capability.
#3.2: [8] no spec change for full power transmission for non-codebook based transmission
#3.3: [10] simulation assumptions for the system-level evaluation of power control enhancement at least with the following metrics

#3.4: [11] For 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. 
· i, is the maximum number of antenna ports transmitted in one of the OFDM symbols corresponding to SRS resource set  in transmission period i
#3.5: [5] Remove Rel.15 power scaling for non-codebook based transmission so that full power can be achieved, without requiring full power PA.  


Proposal: to be considered if time permits.
Please provide comments, views:
	Company
	Comment 

	Huawei, HiSilicon
	We need to discuss the issue under the scope of WID. Some issue is out of the scope, we may not discuss them in Rel-16, such as Issue 3.1. But some issue seems in the scope need to be discussed in Rel-16, such as issue 3.2. 
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