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1	Introduction
In RAN4#109 meeting, it was agreed that the RAN4 will focus on performance metric discussion for coherent UL-MIMO with a goal to select a single metric as baseline in Rel-18 [1]. In RAN4#110 meeting, the corresponding comparison criteria to assist in down-selection were discussed and decided [2]. For sacking of progress, two more compromised options were added for consideration.
	Issue 1-1-1: Performance metric for Coherent UE support multiple TPMI index 2~5  
Options for next meeting:
· Option 1 (averaging TRPTPMIx), TRPavg_TPMI: Option 1a averaging 4 TPMIs TRPs, Option 1b averaging 2 TPMIs TRPs
· Option 2 (Max EIRPTPMIx), TRPmax_EIRP_TPMI
· Option 3 (averaging Weighted Radiated Powers) with 4 TPMIs, FFS naming
· Averaging of 4 partial TRPs
· Option 4 (weighted averaging TRPsTPMIx), TRPweighted_avg_TPMI
Agreements:
RAN4 will consider above options and make decisions on a reference/baseline metric next meeting based on majority view. 
The following comparison criteria should be considered for making decisions next meeting.
	#
	Criteria

	1
	Testing time (calculated based on R4-2311672), considering multiple AC stabilization times

	2
	Performance metric consistency

	3
	Regulatory impacts

	4
	Statistical properties

	5
	Alignment with Other SDOs

	6
	OEM antenna design 

	7
	Operator network deployment

	8
	Representative of the operation in the field （Realism）





  
This contribution provides proposals on concluding UE radiated performance metric for coherent UL-MIMO.
2	Discussion
The non-coherent UL-MIMO TRP test method has been defined in TR 38.870 v18.0.0, section 7.4.3.3, fixed TPMI index 2 is configured, the performance metric is TRP. The TxD TRP test method has been defined in TR 38.870 v18.0.0, section 7.4.3.2, with 2Tx configured, the performance metric is TRP. The common test procedure for coherent UL MIMO has been defined in section 7.4.3.3, with 2 or 4 TPMI index measurements based on UE declaration. 
In last RAN4 meeting [3], the key debating on Option 1 and Option 2 is about “whether this option better presents network behaviour”, companies have different understandings, but the aligned outcome is that the group confirms Option 2 is idealized case of network. So new Option 3 and Option 4 come up, try to present the impacts of different weighting of TPMI index 2/3/4/5. 
For now, there is no commercially available coherent UE in the market, it is not possible to collect the weighting information of TPMIs from real network. Therefore, to better understand the TPMI index indication probability in the network, we perform a system-level simulation to show different TPMI index indication percentage, the simulation details is listed in the Annex part of this contribution, the outcome shows that nearly the same percentage/probability of TPMI index 2/3/4/5. The statistical analysis demonstrates nearly equal weighting of the TPMIs, and then average metric of Option 1 is a good approach to better quantify the UE UL-MIMO performance. Meanwhile, under equal weighting, Option 4 is identical to Option 1.
We further compare the above Option 1 (mainly Option 1b with 2 TPMI case), Option 2 (two cases), and Option 4 with equal weighting, as summarized in Table 3:
[bookmark: _Ref149056244]Table 1: Performance metric selection based on comparison criteria
	Comparison criteria
	Option 1b with 2 TPMI index
TRPavg_TPMI
	Option 2-1 (idealism)
TRPmax_EIRP_TPMI
	Option 2-2 (Worst case)
TRPmin_EIRP_TPMI
	Option 4 with equal weighting 
[bookmark: _Hlk163458605]TRPequal_weighted_avg_TPMI

	Testing time (calculated based on R4-2311672), considering multiple AC stabilization times
	Lowest (2 TPMI)
~50 to 70% of Options with 4 TPMI
(Note: 50% assume separate full-TRP measurement for each TPMI index)
	Highest (4 TPMI)

	Highest (4 TPMI)
Same as Option 1b, if two TPMI index case

	Performance metric consistency
	Averaging, widely used in OTA industry
Aligned with other 2Tx test cases (non-coherent UL MIMO and TxD TRP) defined in TR 38.870
Aligned with 1Tx test cases, the advantages of single-layer UL MIMO performance can be estimated.
	TRP using max EIRP at each point, never been used for OTA 
not comparable with 1Tx and other 2Tx test cases
	Same as Option 1

	Regulatory impacts
	Aligned with FR1 regulatory radiated power measurement, e.g., 
CTA (NAL), EU CE
	Not aligned with any regulatory radiated power measurement
	Same as Option 1

	Statistical properties
	The averaged performance is close to the statistical performance of UE at a typical case in the field
Well present the “Nearly equal TPMI index probability”
	Can not present the correct TPMI index probability
	Same as Option 1

	
	
	Ideal gNB algorithm for TPMI index indication ONLY targeting Max power at each point
	Worst case of gNB algorithm for TPMI index indication targeting Min power at each point
	

	Alignment with Other SDOs
	Averaging, widely used in other OTA SDOs, e.g., 
CCSA, CTIA, ETSI
	New metric, not adopted in any SDO
	Same as Option 1

	OEM antenna design 
	Antenna design to meet typical performance  
	Antenna design assumes a perfect gNB indication
	Antenna design assumes a worst gNB indication
	Same as Option 1

	Operator network deployment
	Follow the similar approach on taking traditional UE TRP OTA performance into consideration, when consider network deployment 
Traditional TRP OTA is 1Tx
	Performance of ideal case, can not be used for real network deployment
	Performance of worst case, can not provide guidance ono real network deployment
	Same as Option 1

	Representative of the operation in the field (Realism)
	Present typically/statistically UE operation in the field
	Idealism, not presenting real filed
	Worst case, not presenting real filed
	Same as Option 1

	
	Note: in the field, the TPMI index indication is SRS-based, and also is gNB implementation, different gNB has different algorithm/mechanism. 



Regarding Option 3, we believe considering only partial TRP under each TPMI will hide the bad antenna performance at some angles, meanwhile the human body absorption impact (head or hand) may also not be correctly reflected. 
[bookmark: _Hlk163458687]In short, we think both Option 2-1 or 2-2 are corner cases of the gNB assumption, and Option 4 with equal weighting is identical to Option 1. With the overall considerations and comparison, we believe Option 1 should be baseline performance metric for Coherent UL MIMO, and Option 1b (2 TPMI index) is sufficient.
Proposal 1: Select option 1 (averaging TRPs) as baseline performance metric for coherent UL MIMO. Option 1b (2 TPMI index) is sufficient.
3 Conclusion
In this paper, we provide our proposals on concluding performance metric for coherent UL MIMO. 
Proposal 1: Select option 1 (averaging TRPs) as baseline performance metric for coherent UL MIMO. Option 1b (2 TPMI index) is sufficient.
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5	Annex
System level simulation details:
Table 2: System level simulation assumptions
	Parameter
	Value

	Duplex, Waveform
	TDD, OFDM

	Multiple access
	OFDMA

	Scenario
	Urban Micro

	Frequency Range
	0.7 GHz, 3 GHz, 6 GHz

	Number of UEs per cell
	10

	Antenna setup and port layouts at gNB
	(2,8,2,1,1,2,8), (dH, dV) = (0.5, 0.8)λ

	Antenna setup and port layouts at UE
	2TX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ 

	UE Tx power
	23 dBm 

	Cell receiver noise figure
	5dB

	Modulation
	Up to 64QAM

	Numerology
	14 OFDM symbol slot

	
	SCS 15KHz, 50 PRB

	Frame structure
	All uplink

	MIMO scheme
	SU-MIMO

	Transmission rank
	maxRank = 1

	SRS configuration
	Periodicity:  10 ms

	
	Scheduling delay:  4 ms

	Traffic model
	Full buffer

	UE distribution
	[bookmark: _Hlk163509784]Case 1: 80% indoor, 20% outdoor 
[bookmark: _Hlk163509810]Case 2: 20% indoor, 80% outdoor

	Receiver
	MMSE-IRC

	Codebook configurations
	Rel-15 UL codebook: full-partial-non

	Scheduling
	Proportional fair

	Precoder granularity 
	Full bandwidth



The outcome is as following:
 Table 3: Percentage of TPMIs with random power offset (±4dB) and phase offset (±40°) between two ports of coherent UL MIMO (Case 1 UE distribution: 80% indoor, 20% outdoor)
	
	Full coherent TPMI index probability

	TPMI index
	0
	1
	2
	3
	4
	5

	Codebook
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	0.7GHz
	0.64%
	0.49%
	24.67%
	25.66%
	24.74%
	23.81%

	3GHz
	0.52%
	0.26%
	24.73%
	25.08%
	25.27%
	24.15%

	6GHz
	0.33%
	0.27%
	25.05%
	25.11%
	24.51%
	24.72%



Table 4: Percentage of TPMIs with random power offset (±4dB) and phase offset (±40°) between two ports of coherent UL MIMO (Case 2 UE distribution: 20% indoor, 80% outdoor)
	
	Full coherent TPMI index probability

	TPMI index
	0
	1
	2
	3
	4
	5

	Codebook
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	0.7GHz
	0.51%
	0.79%
	25.68%
	25.80%
	24.06%
	24.16%

	3GHz
	0.57%
	0.66%
	25.45%
	24.94%
	23.73%
	24.65%

	6GHz
	0.66%
	0.64%
	25.86%
	24.54%
	24.23%
	24.07%
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