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1 Introduction
In RAN#94-e meeting, Rel-15 UL MIMO power class clarifications were discussed. 5 options were listed in the noted WF [1], cited below for convenience. The extensive discussion continued at following RAN#87 plenary meeting, but still, no agreement can be reached.  This document discusses our views and propose potential way to move forward. 
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2 Discussion

2.1 Requirements of current Specs
We reviewed the current text in the Rel-15 specification. In 38101-1 V15.8.2 section 6.2D.1, according to the sentences yellow highlighted below, we have following observations: 

Observation 1: According to R15 RAN4 specs, for UE supporting UL MIMO, the maximum output power (MOP) is measured as the sum of the maximum output power at each UE antenna connector.
Observation 2: According to R15 RAN4 specs, for UE supporting UL MIMO, this MOP needs to be tested with “2-layer UL MIMO transmission with codebook of[image: image1.wmf]ú

û

ù

ê

ë

é

1

0

0

1

2

1

” and “transmission on single-antenna port”. 
According to above observations, we can have following conclusions for the controversial UE configurations i.e. R15 UE supporting NR SA UL MIMO with 23+23dBm PAs. 
1. Can generate highest 23+23=26dbm in 2 layer configuration.
2. Can generate highest 23+23=26dbm when transmission on single antenna port if it supports transmission diversity (TxD).
3. Can generate highest 23dbm when transmission on single antenna port if it doesn’t supports TxD.
Observation 3: according to description in section 6.2D.1 of 38101-1 V15.8.2, Rel-15 UE supporting NR SA UL MIMO with 23+23dBm PAs can meet MOP of PC2 (26dBm) with TxD, while PC3 (23dBm) without TxD.
Regarding the different understanding on TxD i.e. whether it is allowed/required/specified for R15. There is no clue can be found in RAN4 specs. As usual we think it is transparent to the specs, i.e. left to UE implementation.

2.2 potential enhancements to the current specs

As mentioned above, there were 5 options proposed in RAN#94-e meeting. From the perspective of enhancements to RAN4 specs, there are basically two kinds of opinions, i.e. option1 and option2.  Option3/4/5 require no change to RAN4 specs.
It can be seen from below table that 
Observation 4: Option1 requires substantial enhancements to current specs to accommodate HPUE with 23+23 PAs w/o TxD. 
Observation 5: Option2 haven’t substantial difference from current specs. While the wording in [5] was considered as controversial and couldn’t be agreed by the meeting.
According to the experience of meeting discussion, neither option1 nor option2 can be the consensus of all concerned parties. Changes of option1 are too substantial to be possible. Changes of option2 are meaningless, not mentioned controversial wording. 
Therefore we propose 

Proposal 1: not making any specification changes for relevant Rel.15 RAN4 specs. 
Proposal 2: inform RAN5 about proposal 1 and observation 1and 2 as RAN4’s common understanding. Please see draft LS in R4-200xxxx. 
	
	Highest Power UE can generate
	Declared Power Class

	UL MIMO UE with different PA configuratons
	2-layer UL MIMO transmission with codebook of[image: image2.wmf]ú
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	transmission on single-antenna port
	Option1
	Option2
	Requirements in Current TS 38.101-1 V15.8.2

	23+23 PAs with TxD
	26 dBm
	26 dBm
	PC2
	PC2
	PC2

	23+23 PAs w/o TxD
	26 dBm
	23 dBm
	PC2
	PC3
	PC3

	26+23/26+26 PAs with or w/o TxD
	26 dBm
	26 dBm
	PC2
	PC2
	PC2


3
Conclusions

This document discusses our views on R15 UL MIMO MOP requirements and propose potential ways to move forward.
Observation 1: According to R15 RAN4 specs, for UE supporting UL MIMO, the maximum output power (MOP) is measured as the sum of the maximum output power at each UE antenna connector.
Observation 2: According to R15 RAN4 specs, for UE supporting UL MIMO, this MOP needs to be tested with “2-layer UL MIMO transmission with codebook of[image: image3.wmf]ú
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” and “transmission on single-antenna port”. 

Observation 3: according to description in section 6.2D.1 of 38101-1 V15.8.2, Rel-15 UE supporting NR SA UL MIMO with 23+23dBm PAs can meet MOP of PC2 (26dBm) with TxD, while PC3 (23dBm) without TxD.

Observation 4: Option1 requires substantial enhancements to current specs to accommodate HPUE with 23+23 PAs w/o TxD. 

Observation 5: Option2 haven’t substantial difference from current specs. While the wording in [5] was considered as controversial and couldn’t be agreed by the meeting.

Proposal 1: not making any specification changes for relevant Rel.15 RAN4 specs. 

Proposal 2: inform RAN5 about proposal 1 and observation 1~2 as RAN4’s common understanding. Please see draft LS in [6]. 
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Option 1: Power class baseline is UL MIMO, and exception is allowed for UE configured to single antenna port. Either PC2 or PC3 MOP requirements could apply for a PC2 UE supporting UL MIMO.


Option 2: Power class baseline is single antenna port mode, and exception is allowed for UE configured to UL MIMO. Either PC2 or PC3 UL MIMO MOP requirements could apply for a PC3 UE.


Option 3: Power class should be the same for both UL MIMO or single antenna port mode.


Option 4: No clarification is needed to current spec


Options 5: Power class is the same for both UL MIMO or single antenna port mode. Exception is allowed for some UE implementation and RAN5 test cases may consider this kind of exception


Conclusion: No conclusion yet 





(3GPP TS 38.101-1 V15.8.2)


6.2D.1	UE maximum output power for UL MIMO


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. The requirements shall be met with the UL MIMO configurations specified in Table 6.2D.1-2. For UE supporting UL MIMO, 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).


The requirements shall be met with the UL MIMO configurations of using 2-layer UL MIMO transmission with codebook of�. DCI Format for UE configured in PUSCH transmission mode for uplink single-user MIMO shall be used.


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�
DCI format�
Codebook Index�
�
 Codebook based uplink�
DCI format 0_1�
Codebook index 0�
�



If UE is configured for transmission on single-antenna port, the requirements in clause 6.2.1 apply.











4

