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1. 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 this contribution, we share our views on the enhancement of power control rules of UL MIMO.
2. Discussion
2.1 Full power transmission for codebook based UL transmission
2.1.1 General discussion
In NR, the following 3 levels of UE coherent transmission capability for codebook based UL MIMO transmission are supported:
· Fully coherence

· All ports can be transmitted coherently

· Partial coherence

· Port pairs can be transmitted coherently

· Non-coherence

· No port pairs can be transmitted coherently

UE can be configured with a UL codebook subset restriction based on high layer parameter codebookSubset according to the coherent transmission capability of UEs. Based on the UL codebook subset restriction, UE would not be indicated with codewords that exceeds the UE’s coherent capability.  
In TS38.213, power scaling rule for PUSCH is specified as follows. In our interpretation, “the number of configured antenna ports for the transmission scheme” is the number of antenna ports of one SRS resource.
	For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier  of serving cell 
[image: image3.wmf]c

, a UE first scales a linear value 
[image: image4.wmf])
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, with parameters as defined in Subclause 7.1.1, by 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. The UE splits the resulting scaled power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power.


Observation 1: 

· “Number of configured antenna ports” for power scaling in Rel.15 refers to the number of SRS antenna ports per resource (in SRS resource set with usage configured as “codebook”).
For codebook-based MIMO with M configured antenna ports, each antenna may consume 1/M of max available transmit power. The total power for PUSCH is therefore scaled by β = N/M where N is number of activated antennas that are associated with any PUSCH layer. A summary of β for 2/4Tx is tabularized in Table I. It can be seen that full power utilization is already achieved by full-coherent precoders, and a subset of non-coherent/partial-coherent precoders in Rel.15. The scope of Rel.16 enhancement therefore needs some clarification as to whether full power utilization is to be achieved by all precoder types (e.g. fully-coherent partial-coherent, and non-coherent), or a subset of precoders only. 

	
	
	NC precoder
	PC precoder
	FC precoder

	2Tx

(max 20dBm PA)
	Rank-1
	1/2
	N/A
	1

	
	Rank-2
	1
	
	

	4Tx

(max 17dBm PA)
	Rank-1
	1/4
	1/2
	1

	
	Rank-2
	2/4
	1
	

	
	Rank-3
	3/4
	1
	

	
	Rank-4
	1
	1
	


Observation 2: 

· Full power is achievable by FC precoders in Rel.15. 

· Full power is achievable by some, but not all, NC/PC precoders 

· For NC: Full power is not achievable with rank-1/2/3 for 4Tx, and rank-1 for 2Tx. 

· For PC: Full power is not achievable with rank-1.

The range of transmission ranks for full power utilization also needs to be clarified. With system-level simulation it is possible to analyze the distribution of the following four types of UEs:
1. Low-rank, non-full-power

2. Low-rank, full-power

3. High-rank, non-full power

4. High-rank, full-power

The WI is applicable to case 1, 2, 3 and our expectation is that case (2) is more likely than case (3) under typical gNB scheduler. Given that achieving full-power is more important for cell-edge UEs, which are mostly low-rank, priority should be given to low-rank precoders where most performance gain is expected (e.g. rank-1 for 2/4Tx, and rank-2/3 for 4Tx). High-rank can be considered if it doesn’t incur much additional standardization effort or UE complexity. 

Last but not least, the impact to PA choice should be clarified with each proposal. For instance, a 23dBm power class UE with 4Tx can have 4 PA of equal max power, e.g. 23dBm for all PA (achieving full-power with all precoders), or 17 dBm for all PA (achieving full power with fully-coherent precoders). Alternatively, different PA with different max power is possible, e.g. 1 PA with 23 dBm, and 17dBm for the other 3PA. New power scaling rule will have impact to PA combination choices and should be clearly indicated with each proposal. 
Proposal 1: 

· Discuss whether full power is to be satisfied with all precoders (e.g. NC/PC/FC), or with a subset of precoders (e.g. FC only).

· Discuss whether full power is to be satisfied by all ranks, or a subset of low rank only (e.g. rank-1 and 2). 

· Each candidate solution should clearly provide its impact and restriction to PA combinations at the UE. 

2.1.2 General discussion
In order for partial- /non-coherent precoder to be able to achieve the maximum transmit power, the following solutions are possible
· Alt 1: New scaling rule for at least partial-coherent and non-coherent precoders
· Alt 2: Extend fully coherent codewords to partial-coherent and non-coherent UEs (and reuse Rel.15 scaling rule)
· Alt 3: Codebook based UL Tx scheme combined with Tx diversity schemes (e.g. small delay CDD/Precoder cycling/SFBC/STBC)
For partial-/non-coherent UEs, the phase difference between two coherent antenna port groups varies randomly, therefore, the performance of Alt 2 cannot be guaranteed. Alt 3 is also not preferred as it is highly complicated, and the performance gain is unclear. In comparison, alt-1 has the minimum specification effort, and implementation impact is limited to power scaling and PA selection. Hence this contribution focuses on alt-1.  
For R15 UL, the requirement for maximum output power in RAN4 can be achieved when the maximum transmit power of each antenna (antenna connector) is 1/M of max available power. This implies max per-PA value of 20dBm for 2Tx and 17dBm for 4Tx.  
With Alt 1, for any partial/non-coherent precoder to meet the 23dBm max power, the maximum PA value of at least some antenna connectors need to increase by 3 or 6dBm. Given that the number of activated antennas (e.g. antenna connectors associated with any PUSCH) of higher-rank is always more than lower-rank, PA value increase (with any new power scaling rule) is most significant for rank-1. 
Using rank-1 as an example, the following new power scaling rule, in addition to the existing power scaling in Rel.15, is possible: 
· Non-coherent precoder:

· The Rel.15 power scaling is additionally scaled by 3dB for 2Tx, and 6dB for 4Tx

· NOTE: 

· This implies that the maximum PA is increased to 23dBm, at least for some PA (if new scaling rule is restricted to a subset of rank-1 precoders)

· Partial-coherent precoder:

· The Rel.15 power scaling is additionally scaled by 3dB (for 4Tx only)

· Note: 

· This implies that the maximum PA value is increased to 20dBm, at least for some PA (if new scaling rule is restricted to a subset of rank-1 precoders).

For rank-2/3/4, the above can be extended as follows 
· Non-coherent precoder

· The Rel.15 power scaling is additionally scaled by M/R, where M is the number of configured antenna ports (2 or 4), and R is the transmission rank.

· NOTE: PA value increase is smaller than rank-1.

In summary, the following new power scaling rule is proposed for Rel.16
Proposal 2: If full-power utilization is to be achieved by non-coherent or partial-coherent precoder:
· Non-coherent precoder:

· The Rel.15 power scaling is additionally scaled by M/R, where M is the number of configured antenna ports, and R is the transmission rank.

· NOTE: This applies to rank-1/2/3 for 4Tx, and rank-1 for 2Tx.

· Partial-coherent precoder:

· The Rel.15 power scaling is additionally scaled by M/(2R). 

· NOTE: This applies to rank-1 4Tx only. 
· NOTE: 

· Maximum PA value is increased to 23dBM (if full-power is supported on non-coherent precoder), and 20dBm (if full-power is supported on partial-coherent precoder). 

2.2 Full power transmission for non-codebook based UL transmission

According to the current power scaling rule in 38.213, the instantaneous transmit power of PUSCH is R/M, where M is the number of SRS resources in the SRS resource set with higher-layer configured parameter usage set as “noncodebook”, and R is the transmission rank. Since R is equal to the number of selected “SRS ports”, it can be inferred that each SRS port is semi-statically assigned 1/M of the total available power.  

It is unclear why this restriction is needed, as a SRS port is virtualized and can be mapped to all physical antennas. Using rank-1 transmission with a single selected SRS port as an example, the SRS port can be mapped to all PA at the gNB and it should be able to use all available power at the gNB. Given that PA implementation and SRS virtualization are both gNB implementation, our understanding is that max transmission power should be able to be achieved at all ranks. This restriction can be easily lifted by removing the unnecessary power scaling procedure in Rel.15. By doing this, all ranks are able to meet full power transmission.  

Proposal 3: For non-codebook based UL transmission, power scaling is removed and full power is achieved by all ranks.
3. Conclusion
In this contribution, we discussed the full transmission power for UL MIMO, it is observed that:

Observation 1: 

· “Number of configured antenna ports” for power scaling in Rel.15 refers to the number of SRS antenna ports per resource (in SRS resource set with usage configured as “codebook”).
Observation 2: 

· Full power is achievable by FC precoders in Rel.15. 

· Full power is achievable by some, but not all, NC/PC precoders 

· For NC: Full power is not achievable with rank-1/2/3 for 4Tx, and rank-1 for 2Tx. 

· For PC: Full power is not achievable with rank-1.
We propose that:
Proposal 1: 

· Discuss whether full power is to be satisfied with all precoders (e.g. NC/PC/FC), or with a subset of precoders (e.g. FC only).

· Discuss whether full power is to be satisfied by all ranks, or a subset of low rank only (e.g. rank-1 and 2). 

· Each candidate solution should clearly provide its impact and restriction to PA combinations at the UE. 

Proposal 2: If full-power utilization is to be achieved by non-coherent or partial-coherent precoder:

· Non-coherent precoder:

· The Rel.15 power scaling is additionally scaled by M/R, where M is the number of configured antenna ports, and R is the transmission rank.

· NOTE: This applies to rank-1/2/3 for 4Tx, and rank-1 for 2Tx.

· Partial-coherent precoder:

· The Rel.15 power scaling is additionally scaled by M/(2R). 

· NOTE: This applies to rank-1 4Tx only. 

· NOTE: 

· Maximum PA value is increased to 23dBM (if full-power is supported on non-coherent precoder), and 20dBm (if full-power is supported on partial-coherent precoder). 

Proposal 3: For non-codebook based UL transmission, power scaling is removed and full power is achieved by all ranks.
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Table 6.3.1.5-1: Precoding matrix 
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 for single-layer transmission using two antenna ports.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 5
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Table 6.3.1.5-2: Precoding matrix 
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 for single-layer transmission using four antenna ports with transform precoding enabled.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 7
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Table 6.3.1.5-3: Precoding matrix 
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 for single-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 7
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Table 6.3.1.5-4: Precoding matrix 
[image: image74.wmf]W

 for two-layer transmission using two antenna ports with transform precoding disabled.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 2
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Table 6.3.1.5-5: Precoding matrix 
[image: image79.wmf]W

 for two-layer transmission using four antenna ports with transform precoding disabled.
	TPMI index
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(ordered from left to right in increasing order of TPMI index)

	0 – 3
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Table 6.3.1.5.4-6: Precoding matrix 
[image: image103.wmf]W

 for three-layer transmission using four antenna ports with transform precoding disabled.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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Table 6.3.1.5-7: Precoding matrix 
[image: image112.wmf]W

 for four-layer transmission using four antenna ports with transform precoding disabled.

	TPMI index
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(ordered from left to right in increasing order of TPMI index)
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