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1 Background
In this contribution we make proposals for the outstanding items in the WF on transparent TxD and eMIMO [1]
· No new UE capability for NR UL-MIMO power class for NR SA in Rel-15 

· Clarification on UE behavior for EN-DC mode when UE with 2 23dBm PAs declare PC2 in NR SA operation 

· No new RAN4 core requirements introduced in Rel-15 

· Alt 1: handled by RAN4 only (see Vivo/Sprint WF), inform RAN2

· Alt 2: by asking RAN2 to add clarification of the EN-DC NR power capability in 38.306 Rel-15 without change of the UE behaviour (no NBC)

· Other alternatives are not precluded. 

· Clarify the UL-MIMO sub-clause 6.2D.1 in 38.101-1 Rel-15 without changing implied UE behaviour e.g. Remove or further clarify the sentence ”If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.”

· Transparent TxD UE behaivor is not specified in Rel-15 RAN4 core requirements

· Further work needed in Rel-16 and impact on RAN5 conformance testing investigateg, e.g, replacement of ”antenna connector” with ”antenna port”

It is our understanding that the intention of the original proposal by proponents of a UE implemented without a PC2 PA was to enable PC2 with two PC3 PAs and dual-layer configured, which also follows from the current specification text in 6.2D.1. There is only reference to the TPMI = 0 precoder for non-coherent transmissions as per Table 6.2D.1-2. In the first paragraph of this subclause this could possibly refer both single-layer and dual-layer transmissions, whereas in the second paragraph it is stated that “The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of [TPMI = 0]”, hence only dual layer. The last sentence “If UE is configured for transmission on single-antenna port, the requirements in subclause 6.2.1 apply.” was probably just copied from the LTE without recognizing that “single antenna port” can mean something else for NR, while the intention for LTE is clear. The purpose was to specify the behavior that the MOP is delivered on the one port used in fallback.
The above UE is presumably indicating PC2 in its NR capability

UE-NR-Capability -> RF-Parameters -> supportedBandListNR -> ue-PowerClass: ENUMERATED {pc1, pc2, pc3, pc4}

If this UE is configured for UL-MIMO with more than one port transmission (and has only non-coherent UL MIMO capability), it has to produce 23 dBm when indicated for single-layer transmission with TPMI = 0. There would be two SRS ports for this configuration and only PUSCH on one antenna port for single layer so power scaling by -3 dB according to the power scaling in 38.213. But the MOP requirements for single port transmission in fallback are unclear as pointed out above.
Now, in live operation, if the network sends DCI 0_0 (fallback) while the said UE is still configured for UL-MIMO the network has no clue about the MOP capability. The same if this PC2 UE is not configured for UL-MIMO (unless it does not support UL-MIMO in the band). We have to accept this for Rel-15 for it is agreed not to add any new power-class capability. From a network operations perspective, the absence of consistent capability indication could indeed lead to unpredictable behavior but may be manageable if e.g. PH reporting is based on the actual capability for the mode of operation. From a conformance test perspective, the manufacturer of the UE would declare that the said UE is only PC3 when tested per antenna connector, because the UE capability IE is not followed in conformance tests.
2 Modifying the UL-MIMO sub-clause 6.2D.1
Next we modify the specification of the MOP for UL-MIMO without changing the expected UE behavior. We 

· remove the ambiguity on applicability of the requirements when TPMI = 0 is sent: requirements for both single-layer and dual-layer transmission is specified

· specify the fall-back single-antenna port behaviour: at least PC3 performance must be met when PUSCH is scheduled for single port transmission by DCI 0_0 (verified per connector)
· add a requirement that full power shall be delivered according to the power class shall when PUSCH is scheduled by DCI 0_1 and the UE is configured with a single antenna port following 38.213.
The requirement for PC2 accounts for two UE implementation options: either with two 23 dBm branches (PC3 requirement in fallback) or with at least one full-power 26 dBm branch (26 dBm requirement in fallback). Listing the two options in RAN4 specification is beneficial for the declaration of the applicability in conformance testing, the UE implementation options would be known.
Changes are only proposed for Rel-15, we leave the Rel-16 anticipating further changes to accommodate eMIMO. The proposed changes for 6.2D.1 are as follows
6.2D.1
UE maximum output power for UL MIMO
For a 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. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2 with PUSCH scheduled by DCI format 0_1 and the transmission precoder selected from the codebooks for two antenna ports. The maximum output power is measured as the sum of the maximum output power at each UE antenna connector. The period of measurement shall be at least one sub frame (1 ms).

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


Table 6.2D.1-2: UL MIMO configuration in closed-loop spatial multiplexing scheme
	Transmission scheme
	Number of layers
	DCI format
	TPMI index

	Codebook based
	1
	DCI format 0_1
	0,1

	Codebook based
	2
	DCI format 0_1
	0


	
	
	

	
	
	


For each UE power class, the maximum output power shall be reduced by 3 dB with respect to requirement specified in Table 6.2D.1-1 when PUSCH is scheduled for single-layer transmission on two antenna ports according to Table 6.2D.1-2. 
For power class 3, the UE shall meet the requirements in 6.2.1 when PUSCH is scheduled for single antenna-port transmission by DCI 0_0 or by DCI 0_1 when the UE is configured for single port operation. For power class 2, the UE shall meet the requirements 6.2.1 for either power class 2 or power class 3 when PUSCH is scheduled for single antenna-port transmission by DCI 0_0 or by DCI 0_1 when the UE is configured for single port operation. 
6.2D.2
UE maximum output power reduction for UL MIMO

Changes consistent with the above are made in other sections in the accompanying CR [2]. 
Proposal 1: modify the transmitter characteristics for UL-MIMO in accordance with a clarification of the MOP and fallback behaviour, and include single-layer and single antenna-port requirements.
3 Conformance testing the UL-MIMO PC2

Conformance testing relies on UE declaration for deciding applicable test cases and requirements, the UE capability IE is not used. This means that the UE vendor can declare one power-class capability for the per antenna connector tests in 6.2.1 and another for the UL-MIMO test in 6.2D.1, which circumvents the problem of capability indication from a conformance test viewpoint. Nevertheless, providing information on the ambiguous behavior of a PC2 UE implemented with two PC3 branches in RAN4 specifications is useful, hence the proposed statement above on the behavior of such a UE when scheduled by DCI 0_0 in fallback.

Notwithstanding, there should be a correspondence between the UE declaration and the contents of the UE capability IE. This can be verified in protocol testing with due account of a possible ambiguity, e.g. PC2 indicated by the IE but the UE declared a PC3 when tested per port.
4 Power-class capability reporting for EN-DC and SA and UE behavior
Regarding clarification of the UE behavior in EN-DC mode, this only appears to be a problem when the UE indicates PC2 in the

UE-MRDC-Capability -> RF-ParametersMRDC -> supportedBandCombinationList -> powerClass-v1530: ENUMERATED {pc2}

then the NR power capability may be unclear if a PC2 is indicated in the NR capability for the UE discussed above. We have to accept this until a new power-class capability element can be added, but not add this Rel-15 MOP ambiguity to the RAN2 specification. When configured with EN-DC the said UE would presumably behave like a NR PC3 e.g. for PHR and mobility, but of course no guarantee. In the first releases of LTE, there was actually no power-class indication, the network had to rely on the PHR.
Proposal 2: there is no need to ask RAN2 add clarification of the EN-DC NR power capability in 38.306 Rel-15.
5 EVM requirements and testing per connector
Verification of EVM for UL-MIMO requires further studies in Rel-16. In [3] it is proposed to verify EVM per layer instead of per antenna connector since there is significant antenna coupling OTA, the layers should be separated in the TE and possible antenna coupling accounted for. Further, it is argued that antenna coupling is not a problem for a BS in the field for its receiver can cancel the finite layer isolation as part of channel equalizing process. It would indeed be convenient should the BS be able to cancel UE imperfections. However, EVM is not a linear process and should therefore be verified that the transmit signal quality at each antenna connector still meets minimum requirements.  Furthermore, if the gNB is to performance EVM cancellation, it must do so on some reference signal measurements, and which reference signals can be used for this purpose in a single layer transmission is unclear.
6 Transparent transmit diversity and the eMIMO Rel-16 work item
It appears that the ominous last sentence of the current 6.2D.1 “If UE is configured for transmission on single-antenna port,” might be interpreted as transparent TxD. Supporting higher power capability is indeed beneficial for network performance, but specifying this in Rel-15 seems to be way ahead of what RAN1 has agreed for eMIMO Rel-16 thus far. From a RAN4 perspective, there are multiple issues to consider for performance verification, e.g. for a UE with two antenna connectors,

· are the per-connector EVM ‘unnecessary’ when only one SRS port is configured and PUSCH is transmitted like the virtualized SRS (mode 2 full power transmission)? 

· is the test equipment going to apply precoders for transparent CDD if two SRS ports are configured? (mode 1 full power transmission)

· while it is clearly not allowed by RAN1 specifications (38.214 section 6.1.1.1), if it is still proposed how would a UE supporting non-coherent transmissions behave when configured with a coherent precoder (TPMI = 2)?

Clearly, changes have to be made in RAN4 specifications to accommodate transparent TxD, RAN5 normally follows RAN4. 
Proposal 3: confirm that transparent TxD UE behavior is not specified in Rel-15 RAN4 core requirements.
Proposal

For resolving UE capabilties, transparent TxD, and eMIMO full-power transmission in Rel-15, we make the following
Proposal 1: modify the transmitter characteristics for UL-MIMO in accordance with a clarification of the MOP and fallback behaviour, and include single-layer and single antenna-port requirements.
Proposal 2: there is no need to ask RAN2 add clarification of the EN-DC NR power capability in 38.306 Rel-15.
Proposal 3: confirm that transparent TxD UE behavior is not specified in Rel-15 RAN4 core requirements.
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