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Introduction
[bookmark: _GoBack]The objective of Rel. 16 NR MIMO WID includes the following [1].
	· Extend specification support in the following areas [RAN1]
· …   
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· …


This contribution discusses our views on the highlighted enhancement.
Power issue in Rel. 15 UL MIMO


For codebook based UL transmission in Rel. 15, a pre-coding matrix  is indicated to a UE (via TPMI) from an UL codebook that comprises pre-coding matrices of one of the three coherent types, nonCoherent (NC), partialAndNonCoherent (PC+NC), fullAndPartialAndNonCoherent (FC+PC+NC), where the UL codebook is configured to the UE depending on the capability reported by the UE. In particular, if the UE reports full-coherence as its capability, then the UE can be configured with any of the three coherence types, i.e., NC, PC+NC, or FC+PC+NC, for TPMI. If the UE reports partial-coherence as its capability, then the UE can be configured with one of the two coherence types, NC or PC+NC, for TPMI. If the UE reports non-coherence as its capability, then the UE can only be configured with NC as its coherence type for TPMI. Based on the UE capability, the antenna ports at the UE are grouped into coherent port groups. As an example, for 4 antenna ports, the coherent port groups are illustrated in Table 1 for the three coherent types. The UL codebook in NR comprises pre-coding matrices of these three coherent types. The total power of the pre-coding matrices for different ranks and coherence types is summarized in Table 2. 
[bookmark: _Ref513546197]Table 1: Coherent port groups for 4 antenna ports
[image: ]
[bookmark: _Ref511819166][bookmark: _Ref513569294]Table 2: Total power of precoding matrix for 4 antenna ports
	Rank
	NC TPMIs
	PC TPMIs
	FC TPMIs

	
	TPMI indices
	Total power
	TPMI indices
	Total power
	TPMI indices
	Total power

	1
	0-3
	¼
	4-11
	½
	12-27
	1

	2
	0-5
	½
	6-13
	1
	14-21
	1

	3
	0
	¾
	1-2
	1
	3-6
	1

	4
	0
	1
	1-2
	1
	3-4
	1


We can observe the following two issues.
· Issue 1: for PC and NC TPMIs, total power increases as rank increases, which implies that the TPMI indication/selection for PUSCH transmission is biased to higher rank.
· Issue 2: for a given rank, total power of NC TPMIs ≤ total power of PC TPMIs ≤ total power of FC TPMIs. The reason for this trend is that the power of non-zero (NZ) antenna ports does not changes across three types of TPMIs. 
In our view, Issue 1 will affect UL performance for NC and PC UEs significantly, and hence should be addressed. Issue 2 on the other hand can be argued to be necessary/beneficial for UE power saving by turning off antenna(s), similar to LTE UL codebook.
For non-codebook based UL transmission in Rel. 15, Issue 1 is also present.
1. Proposed Solution 
A solution to address Issue 1 is proposed in [2], which is copied below.
>>>>>>>>>>>> Start text proposal in [2] >>>>>>>>>>>>





For PUSCH, a UE first scales a linear value  of the transmit power  on UL BWP , as described in Subclause 12, of carrier  of serving cell , with parameters as defined in Subclause 7.1.1, by  and the resulting scaled power is then split equally across the antenna ports on which the non-zero PUSCH is transmitted, where  for single antenna port transmission, and for multi-antenna port transmission:
·  with  where  
· 
 is the number of antenna ports  according to 38.211 6.3.1.5
· 
 be the number of non zero antenna ports in according to 38.211 6.3.1.5. 
· For non-codebook based transmission K=1. For codebook based transmission K is given from the table below, where ULCodebookSubset is a higher layer parameter. 
	ULCodebookSubset
	Number of UE antenna ports
	K 

	fullAndPartialAndNonCoherent
	2
	1

	fullAndPartialAndNonCoherent
	4
	1

	partialCoherent
	4
	2

	nonCoherent
	2
	2

	nonCoherent
	4
	4


 
>>>>>>>>>>>> End text proposal in [2] >>>>>>>>>>>>
However, there is one issue with this solution. For 4 antenna ports and PC+NC coherence type, as highlighted (red) in Table 3, the power per NZ port changes across NC and PC TPMIs (for a fixed rank of 2 or 3). In our view, it is better to keep power per NZ ports fixed for a given rank. This is to ensure that the UE doesn’t need to change its power setting if only TPMI changes (and TRI does not change), and may have to change power only when TRI value changes, and TRI value change is expected to be slower than TPMI change. 
Table 3: power per NZ port according to proposal in [2]
	Coherence type
	Rank
	NC TPMIs
	PC TPMIs

	
	
	TPMI
	
	Power/NZ ports
	TPMI
	
	Power/NZ ports

	PC+NC
	2
	0-5
	1
	1/2 
	6-13
	1
	¼

	
	3
	0
	1
	1/3
	1-2
	1
	¼



In particular, the solution to address Issue 1 should meet the following constraints.
· Constraint 1: at least for the “most coherent” TPMIs, total power should not change across rank (to solve Issue 1)
· for FC+PC+NC, the most coherent TPMIs = FC TPMIs;
· for PC+NC, the most coherent TPMIs = PC TPMIs; and 
· for NC, the most coherent TPMIs = NC TPMIs.
· Constraint 2: For a given rank, power per NZ antenna port should not change (to save UE power) across all TPMIs.
For codebook-based UL transmission, a solution which satisfies the two constraints is the scaling factor , where
·  scales the transmit power equally across the coherent port groups (K in proposal [2]) on which a non-zero PUSCH is transmitted, i.e., , and 
· for each coherent port group with a non-zero PUSCH,  further scales the transmit power equally across the ports within the coherent port group on which a non-zero PUSCH is transmitted, i.e.,  in proposal [2]
·  = #coherent port groups (for the “most coherent” TPMIs) as in Table 4
·  = #coherent port groups (for the “most coherent” TPMIs) with a non-zero PUSCH
·  = #configured ports for the transmission in the k-th coherent port group, 
·  = #ports with a non-zero PUSCH transmission in the k-th coherent port group,
·  = #configured ports for the transmission, and
·  = #ports with a non-zero PUSCH transmission.
Table 4: Number of coherent antenna port groups (for the “most coherent” TPMIs) (K)
	Coherence type
	Number of antenna ports = 2
	Number of antenna ports = 4

	nonCoherent
	2
	4

	partialAndNonCoherent
	
	2

	fullAndPartialAndNonCoherent
	1
	1



Effectively, this solution replaces the min operation in proposal [2] with another scaling  to distribute power over NZ coherent port groups. We can verify that the power per NZ port is fixed for a given rank. For example, for 4 antenna ports and PC+NC coherence type, as highlighted in Table 5, the power per NZ port is fixed across NC and PC TPMIs (for a fixed rank of 2 or 3). 
Table 5: power per NZ port according to proposal in this contribution
	Coherence type 
	Rank
	
	NC TPMIs
	PC TPMIs

	
	
	
	TPMI 
	
	
	Power/NZ ports
	TPMI 
	
	
	Power/NZ ports

	PC+NC
	2
	½
	0-5
	1
	½
	¼ 
	6-13
	2
	1
	¼ 

	
	3
	½
	0
	3/2
	¾
	¼ 
	1-2
	2
	1
	¼ 



An example of the proposed solution for 4 antenna ports is shown in Table 6. As shown, both constraints (Constraint 1 and 2) are satisfied with the proposed solution. 
For non-codebook based UL transmission, .
In an alternate solution, the proposed  scaling can also be applied to the UL codebooks.
[bookmark: _Ref525725616]Table 6: An example of proposed solution for 4 antenna ports ()
[image: ]
Proposal: for UL power control, 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 
· for non-codebook based UL transmission, 
· for codebook based UL transmission, 
· , and
· , where
·  = #coherent port groups (for the “most coherent” TPMIs) as in Table 4,
·  = #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.
Alternatively, the proposed  scaling can also be applied to the UL codebooks.

1. Conclusion
In this contribution, the following proposal is made regarding full power UL transmission.
· For UL power control, 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 
· for non-codebook based UL transmission, 
· for codebook based UL transmission, 
· , and
· , where
·  = #coherent port groups (for the “most coherent” TPMIs) as in Table 4,
·  = #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.
· Alternatively, the proposed  scaling is applied to the UL codebooks.
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