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1. Introduction

As agreed in RAN#82 meeting, NR eMIMO WID [1] includes the objective as follows:
· Extend specification support in the following areas [RAN1]

•
Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)

•
Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)  
As agreed in RAN#85 meeting, NR eMIMO WID [2] includes the objective as follows:

· Specify core requirements associated with the items specified by RAN1 [RAN4]

•     Specify RRM requirements
•
Identify impact on RF requirements for the reduced PAPR pi/2-BPSK DMRS and, if needed, specify RF requirements   

•
Identify impact on RF requirements for the uplink full power transmission and, if needed, specify RF requirements 

In this paper we discuss the potential impact of NR eMIMO on RF requirements from uplink full power transmission and the reduced PAPR pi/2-BPSK DMRS aspects.
2. Discussion
First of all we discuss the impact from full power transmission which includes Maximum output power for UL-MIMO and power scaling.

2.1 Full power transmission with multiple power amplifiers

In RAN1 AH-1901 meeting, the agreement was made as follows.
	Agreement

Full TX power UL transmission with multiple power amplifier is supported at least for codebook based UL transmission for non-coherent and partial/non-coherent capable UEs. The support of this feature is indicated by the UE as part of UE capability signalling. For power class 3:

· 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. 

· FFS: detailed power scaling description 

· Note: Full Tx power means UE delivers total power of 23dBm for PC3

· 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 

· FFS: detailed design

· 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.

FFS: Whether all three capabilities will be specified or a subset will be specified

FFS: UE capability signalling/reporting details

Note: Two or more of the above capabilities could be merged depending on the further details.

Send LS to RAN4 to provide their view on PC 2 applicability of the new UE capability.


In Ran1#96 meeting, the following agreement was made.

	Agreement

UE capability 1, 2, 3 agreed in RAN1#AH1901 mean the PA architectures.

At least for PC3, UE capability 1, 3 can support full power transmission.


We consider that UE has two Tx chains combined with three capabilities to analyse the specification impact to simplify the discussion. In RAN1 AH-1901 agreement above, the three UE capabilities are specified for PC3 UEs. We also think that the three capabilities are applicable for all power classes, and must not be limited to only PC3 UEs.
2.1.1 Maximum output power for UL-MIMO

From the agreement, the three UE capabilities for Full Tx power UL transmission were specified:
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 1 means that PA architecture is 23+23 dBm for two Tx chains.

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 2 means that PA architecture is 20+20 dBm for two Tx chains.
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 3 means that PA architecture is 20+23dBm for two Tx chains.
Let us analyse the impact of UE capabilities on maximum output power for UL-MIMO. The UE maximum output power for UL MIMO has been specified in TS38.101-1 as follows:

For power class 2 UE with two transmit antenna connectors in closed-loop spatial multiplexing scheme, the maximum output power for any transmission bandwidth within the channel bandwidth is specified in Table 6.2D.1-1. For UE supporting UL MIMO, the maximum output power is measured as the sum of the maximum output power at each UE antenna connector. 

Table 6.2D.1-1: UE Power Class for UL MIMO in closed loop spatial multiplexing scheme

	NR band
	Class 1 (dBm)
	Tolerance (dB)
	Class 2 (dBm)
	Tolerance (dB)
	Class 3 (dBm)
	Tolerance (dB)
	Class 4 (dBm)
	Tolerance (dB)

	n41
	
	
	26
	+2/-31
	23
	+2/-31
	
	

	n77
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n78
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	n79
	
	
	26
	+2/-3
	23
	+2/-3
	
	

	NOTE 1:
The transmission bandwidths confined within FUL_low and FUL_low + 4 MHz or FUL_high – 4 MHz and FUL_high, the maximum output power requirement is relaxed by reducing the lower tolerance limit by 1.5 dB

NOTE 2:
Power class 3 is the default power class unless otherwise stated


If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply. 
The transmission could be configured in either single antenna or two antennas in single-antenna port. Which kind of power class requirements is applicable for transmission on single-antenna port. Currently the new three UE capabilities mean different PA architectures and thus three PA architectures could restrict the UE maximum output power for UL-MIMO if UE is configured for transmission on single-antenna port.
Observation 1: Different PA architectures could impact on UE maximum output power requirements for UL-MIMO if UE is configured for transmission on single-antenna port.
For UE capability 1 if power class 2 UE is configured for transmission on single-antenna port, full rated Pas on each Tx chain is supported, UE capability 1 can support its power class in both UL MIMO configuration and single Tx chain transmission. i.e. both PC2 and PC3 are supported for n41, n77, n78 and n79, the requirements in subclause 6.2.1 apply. There should not any change in requirements and thus capability 1 has not impact on current spec.
Proposal 1: For UE capability 1 there should be not any change in UE maximum output power requirements for UL-MIMO if UE is configured for transmission on single-antenna port.
For UE capability 2 if power class 2 UE is configured for transmission on single-antenna port, no Tx chain is assumed to deliver full power with the new UE capability. UE capability 2 can only support its power class in UL MIMO mode. i.e. if power class 2 UE could support PC2 in UL MIMO mode whereas could not support PC2 on signle Tx chain for n41, n77, n78 and n79 if UE is configured for transmission on single-antenna port.
Observation 2: for UE capability 2 power class 2 UE could only support the power class itself in UL MIMO mode whereas cannot support its power class on single Tx chain if UE is configured for transmission on single-antenna port.
In current spec section 6.2D.1, If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply. However PC2 UE could not support PC2 on single Tx chain and therefore the UE capability 2 has impact on current spec requirements. In order to avoid confusing requirements, the sentence “If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.” should be removed.

for power class 2 UE the requirements of PC2 on single Tx chain should be excluded if UE is configured for transmission on single-antenna port.
Proposal 2: for UE capability 2 power class 2 UE, the sentence “If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.” should be removed from TS 38.101-1 section 6.2D.1.
For UE capability 3 the subset of Tx chains with full rated PAs is supported with a new UE capability. The subset of Tx chans means at least one Tx chain could support full rated Pas. For UE capability 3 power class 2 UE could support the power class itself in both UL MIMO mode and specified Tx chain if UE is configured for transmission on single-antenna port. The specified Tx chain means the full rated PAs chain. 
Observation 3: for UE capability 3 power class 2 UE could support the power class itself in both UL MIMO mode and specified Tx chain if UE is configured for transmission on single-antenna port.

For UE capabilities 3, if a UE with two Tx chains and one chain PA supports power class 2 while the other chain PA only support power class 3. In this case to support Tx full power transmission, network needs to know UE each antenna capability for PUSCH transmission. Otherwise, there would be not a correct antenna port selection for full power PUSCH transmission.Thus according the above analysis, the UE capability 3 the requirements on only Tx chain with full rated PAs should be not change as proposal 1 and requirements on Tx chain without full rated PAs should as seem as proposal 2.
Proposal 3: for UE capability 3 power class 2 UE, the requirements for PC2 only on the Tx chain with full rated PAs should be reused if UE is configured for transmission on single-antenna port.
2.1.2 Power scaling

In TS 38.213, the PUSCH transmission power is specified as follows [3]: 
	For a PUSCH transmission on active UL BWP 
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, as described in Subclause 12, of carrier 
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 of serving cell 
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, a UE first calculates a linear value 
[image: image4.wmf])
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 of the transmit power 
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, with parameters as defined in Subclause 7.1.1. If the PUSCH transmission is scheduled by a DCI format 0_1 and when txConfig in PUSCH-Config is set to 'codebook', the UE scales the linear value by the ratio of the number of antenna ports with a non-zero PUSCH transmission power to the maximum number of SRS ports supported by the UE in one SRS resource. The UE splits the power equally across the antenna ports on which the UE transmits the PUSCH with non-zero power. 
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In current 38.101-1 specification, for UL MIMO the power is measured as the sum of maximum output power at each antenna port. The three UE capabilities specify the UE supports different max output power at one antenna port.

For UE capability 1, for UE supporting power class 2 UL MIMO could reuse the PUSCH transmission procedure certainly. For UE capabilities 2, for UE supporting power class 2 UL MIMO the PUSCH transmission power could not be power class 2 at each port. The single UL transmission capability could be specified by 
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 substract a specific value. This value may be defined as 3dB for 2 Tx chains and 6dB for 4 Tx chains.
For UE capabilities 3, if a UE with two Tx chains and one chain PA supports power class 2 while the other chain PA only support power class 3. In this case to support Tx full power transmission, network needs to know UE each antenna capability for PUSCH transmission. Otherwise, there would be not a correct antenna port selection for full power PUSCH transmission.
Observation 4: To correct antenna port selection for full power transmission, each antenna (Tx chain) capability should be indicated to network by signaling.
2.2 Reduced PAPR DMRS

As agreed in RAN1#95 meeting, the following agreements were made as follows:

	Agreement

· For sequences with length 30 or larger, DMRS for π QUOTE π /2 BPSK modulation for PUSCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding resulting in a DMRS Type 1 comb structure. 

· For sequences with length 30 or larger, DMRS for π/2 BPSK modulation for PUCCH is generated based on Gold-sequence followed by π/2 BPSK modulation followed by transform precoding. 

· For sequences with allocation length 6,12,18 and 24 CGS is used for DMRS for π/2 BPSK modulation in case of PUSCH and PUCCH. 


From the RAN1 agreements, the new DMRS for For pi/2 BPSK modulation was specified in Rel.16 to reduce the PAPR to the same level as for data symbols.  RAN1 has discussed the benefit of reduced PAPR DMRS and from the contribution [4], the comparison between two kinds of DMRS are made. Based on the simple comparison there may be the RF specification impact. 
For Pi/2 BPSK modulation RAN4 had already defined the MPR, A-MPR, Pcmax and spectrum flatness requirements. For the reduced PAPR DMRS pi/2 BPSK modulation, the requirements above seem to be revised, if needed.
Observation 5: Consider revising the MPR, A-MPR, spectrum flatness requirements for the reduced PAPR DMRS pi/2 BPSK, if needed.
3. Conclusion

We discuss the potential impact of NR eMIMO on RF requirements from uplink full power transmission and the reduced PAPR pi/2-BPSK DMRS aspects.
Observation 1: Different PA architectures could impact on UE maximum output power requirements for UL-MIMO if UE is configured for transmission on single-antenna port.
Observation 2: for UE capability 2 power class 2 UE could only support the power class itself in UL MIMO mode whereas cannot support its power class on single Tx chain if UE is configured for transmission on single-antenna port.

Observation 3: for UE capability 3 power class 2 UE could support the power class itself in both UL MIMO mode and specified Tx chain if UE is configured for transmission on single-antenna port.

Observation 4: To correct antenna port selection for full power transmission, each antenna (Tx chain) capability should be indicated to network by signaling.
Observation 5: Consider revising the MPR, A-MPR, spectrum flatness requirements for the reduced PAPR DMRS pi/2 BPSK, if needed.
Proposal 1: For UE capability 1 there should be not any change in UE maximum output power requirements for UL-MIMO if UE is configured for transmission on single-antenna port.
Proposal 2: for UE capability 2 power class 2 UE, the sentence “If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.” should be removed from TS 38.101-1 section 6.2D.1.
Proposal 3: for UE capability 3 power class 2 UE, the requirements for PC2 only on the Tx chain with full rated PAs should be reused if UE is configured for transmission on single-antenna port.
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