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1.	Introduction
After several meeting cycles on Multi-RX simulation campaign, the simulation results among companies are more and more aligned, however, according to the discussion in last meeting, further refinement on simulation alignment is still needed in terms of adopting standardized UE orientation, applying calibration, considering metal housing, involving H&V imbalance impairment, etc., before deriving final requirement.
Besides simulation refinement, there are several remaining issues such as data combining method for AoA+ pair and AoA- pair (OR vs arithmetic mean), AoA offset selection (UE declaration vs standard specified), final spec derivation, and feature CR drafting.
In this contributions, we further discuss the simulation alignment and remaining requirement issues. Our views are presented along with the discussion towards concluding the work item in this meeting.
2. 	Discussion
2.1	simulation alignment among companies
After several meeting cycles on Multi-RX simulation, the simulation results among companies are more and more aligned. With simulation results already roughly aligned, several detailed issues were identified in last meeting. For example, some simulation results were based on UE orientation which was not the standardized one in Annex J of TS 38.101-2; some simulation was performed without calibration; many simulation results were not involved with metal housing and H&V imbalance. Consequently, the approved WF [1, R4-2317593] of last meeting encourage companies further align on these aspects:
	1.1 Data process method on companies’ input
1. There are 9 starting UE orientation options per annex J of TS38.101-2 for multiRX. 
2. Companies are encouraged to consider realistic packaging including metal and plastic housings, as well as H and V imbalance.



Observation 1:	further simulation alignment is needed before deriving requirement values.
Additionally, it was noticed that several companies’ simulation results showing data larger than or equal to 50% at 150deg with OR combing.  It was worth to further check if calibration is not well applied or there are other issues in the simulation.
Observation 2:	simulation data larger than or equal to 50% at 150deg for OR combining is questionable.
For arithmetic mean combing, it can be observed that most companies, simulation results are less than 40% even for opposite face implementation at 150deg. It is common observation that simulation results with arithmetic mean combining are worse than that of OR combining. With upper bound for OR combing is 50% in theory, the upper bound for arithmetic mean combining should be lower than that. 
Observation 3:	simulation data larger than or equal to 40% at 150deg for arithmetic mean combining is questionable.
Due to limited time, it is still possible that not all companies would consider all the impairments mentioned above. If there are simulation results without involving sufficient impairment, additional margin should be considered in final spec derivation to account for that.
Proposal 1:	If there are simulation results without involving sufficient impairment, additional margin should be considered in final spec derivation to account for that
For example, in our previous contribution [2, R4-2315552] we have analysed the impact of H&V polarization imbalance which could yield a delta % up to 4~9% degradation depending on UE implementations.
Observation 4:	2AoA spherical coverage based on go-no-go metric is more sensitive to H&V polarization imbalance than legacy average EIS based metric, and simulation shows up to 4~9% degradation.
2.2	simulation results of Samsung
Our previous simulation results were provided in [3, R4-2304824] for OR combining and in [4, R4-2307932] for arithmetic mean combining respectively before considering H&V imbalance. In last meeting, our simulation results [2, R4-2315552] were updated by considering H&V imbalance as well as more implementations including both metal and plastic housing. Simulation results are shown in Table 2.2-1 for OR combing and Table 2.2-2 for arithmetic mean combining respectively. For each implementation, it is just necessary to pay attention to the green highlighted data as those are for potentially declared AoA offset.
Table 2.2-1 simulation results for OR combining
	
	OR combining

	
	30
	60
	90
	120
	150
	180

	Implementation 1 (adjacent sides)
	8%
	17%
	21%
	15%
	7%
	1%

	Implementation 2 (adjacent sides)
	13%
	21%
	23%
	22%
	16%
	10%

	Implementation 3 (opposite sides)
	0%
	4%
	19%
	35%
	37%
	29%

	Implementation 4 (opposite sides)
	0%
	4%
	22%
	41%
	44%
	44%

	Implementation 5 (same side)
	23%
	23%
	9%
	1%
	0%
	0%

	Implementation 6 (same side)
	28%
	26%
	18%
	8%
	6%
	2%



Table 2.2-2 simulation results for arithmetic mean combining
	
	Arithmetic mean combining

	
	30
	60
	90
	120
	150
	180

	Implementation 1 (adjacent sides)
	4%
	9%
	11%
	7%
	4%
	1%

	Implementation 2 (adjacent sides)
	7%
	11%
	12%
	11%
	9%
	10%

	Implementation 3 (opposite sides)
	0%
	2%
	10%
	17%
	23%
	29%

	Implementation 4 (opposite sides)
	0%
	2%
	11%
	21%
	27%
	44%

	Implementation 5 (same side)
	17%
	12%
	5%
	1%
	0%
	0%

	Implementation 6 (same side)
	20%
	15%
	9%
	4%
	3%
	2%



The intention of our showing two implementations for adjacent/opposite/same sides respectively is to indicate that simulation results varies among different implementations for same panel placement, especially performance difference occurs between metal housing and plastic housing, even calibration is already performed.
Observation 5:	simulation results varies among different implementations for same panel placement, especially performance difference occurs between metal housing and plastic housing, even calibration is already performed.
RAN4 requirements are minimum requirements for all implementations, so the worst performance data should be selected as final simulation results, if different implementations are involved (e.g. metal and plastic).
Proposal 2:	if different implementations are involved (e.g. metal and plastic), the worst performance data should be selected as final simulation results
According to the approved WF [1, R4-2317593] of last meeting, data for each AoA offset can be selected according to reference UE:
	3. Three types of reference UE implementation (two panels on the same side, two panels on the adjacent side and two panels on the opposite side) will be used to determine the core requirement:
· If the AoA offset would be declared by UE 
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	same
	same
	adjacent
	opposite
	opposite






· If the AoA offset would be specified in the standard.
	AoA offset (degrees)
	30
	60
	90
	120
	150

	Reference UE
	Min (same, adjacent, opposite)
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )
	Min (same, adjacent,  opposite )











By adopting the reference UE rule above and considering worst implementation, the final simulation results are provided as following, results for UE declared AoA offset approach are shown in Table 2.2-3, and results for standard specified single AoA offset approach are shown in Table 2.2-4:
Table 2.2-3 Samsung simulation results for each AoA offset based on UE declaration
	
	30
	60
	90
	120
	150
	180

	OR combining
	23%
	26%
	21%
	35%
	37%
	29%

	Arithmetic mean combining
	17%
	12%
	11%
	17%
	23%
	29%



Table 2.2-4 Samsung simulation results for each AoA offset based on standardized single AoA offset
	
	30
	60
	90
	120
	150
	180

	OR combining
	0%
	4%
	9%
	1%
	0%
	0%

	Arithmetic mean combining
	0%
	2%
	5%
	1%
	0%
	0%




2.3	AoA offset down-selection
Options for requirement in terms of AoA offset(s) are as following [1]:
	Options:
1. the AoA offset would be declared by UE. 
2. the AoA offset would be specified in the standard



If going with option 2, based on the simulation results in Table 2.2-4, the AoA offset 30, 60, 120, 150 and 180 are all excluded because the 2AoA spherical coverage simulation results for those angles are lower than 5% even worse to 0~1% for some implementations. Only 90deg is not so bad, i.e. 9% for OR combining and 5% for arithmetic mean combining.
Observation 6:	if the requirement is defined for fixed 1 AoA offset, AoA offset 30, 60, 120, 150 and 180 are not feasible, and for 90deg the requirement would be likely around 9% for OR combining or 5% for arithmetic mean combining
Obviously option 2 is not best choice, and option 1 is more practical.
Proposal 3:	define a requirement for each candidate AoA offset rather than for just 1 fixed AoA offset.

2.4	data combining down-selection
One important remaining issue is the combining method for AoA+ pair and AoA- pair. 
	1.2 Combining method 
Option 1 – arithmetic mean
Option 2 – “or” combination



As discussed in our previous contribution [5, R4-2312505], OR combining was the agreed one for simulation in Athens meeting, and also has the advantage of showing similar performance when AoA offset is from 150deg to 180deg.
Physical meaning was often mentioned in previous meeting when comparing OR combining with arithmetic mean combining. There is also clear physical meaning for OR combining, i.e., OR{AoA+,  AoA-}=1 means the test point support 2AoA reception while OR{AoA+,  AoA-}=0 stands for not supporting 2AoA reception in the specific test condition. Note that in real network whether multiRX DL is enabled depends on UE measurement reporting rather than the RF spherical coverage requirement on that direction. The target of UE RF requirement is to identify if the test point is possible or not to support 2AoA reception. It is enough to identify that this test point is possible to support 2AoA reception at minimum RF level with OR{AoA+,  AoA-}=1.
Weighting issue is another aspect need to be considered when discussing combining method. It should be noted that for any test point its AoA+ pair and AoA- pair is not symmetric due to different weighting in the sphere. It is not technically correct to perform arithmetic mean operation for two asymmetric quantities. But no worry for OR combining as OR combining is to find out the best case and it does not matter even the quantities are asymmetric. 
Based on above discussion, we propose to stick to previous agreement, i.e. OR combining.
Proposal 4:	stick to previous agreement, i.e. to adopt OR combining.
2.5	requirement derivation
After simulation results for this meeting are collected, then we need to care about how to derive final requirement values. In last meeting there were some data processing in which the average value among implementations was derived. It is worth to highlight that the average of companies’ input is not always the requirement derivation approach. In OTA work items including TRP TRS and MIMO OTA, CDF percentile based approach is common practice. Even the average approach was adopted in some cases, addition of implementation margin and negotiation on top of averaged value are also common practice in RAN4.
Observation 7:	CDF percentile based approach is common practice to derive requirement in TRP TRS and MIMO OTA work items
Observation 8:	Even the average approach was adopted in some cases, addition of implementation margin and negotiation on top of averaged value are also common practice in RAN4
In our understanding, CDF percentile based approach is often used to derive requirements based on variety of implementations including good performance devices and bad performance devices, while average approach is usually used based on minimum requirement evaluation among companies. Therefore, if data processing is per-implementation (each contribution providing more than one set of simulation results), then CDF percentile based approach should be used; if data processing is per-contribution (each contribution providing only single set of simulation results for worst case), then average approach can be adopted, as starting point.
Proposal 5:	as starting point, if data processing is per-implementation (each contribution providing more than one set of simulation results), then CDF percentile based approach should be used; if data processing is per-contribution (each contribution providing only single set of simulation results for worst case), then average approach can be adopted.
After starting point is obtained, further discussion is needed based on proposal 1 and other impairments. In last meeting there was contribution [6, R4-2315502] proposing to consider additional RF impairment for narrow angles [1].
	1.4 Additional RF impairment for 30 degree and 60 degree AoA offsets
Companies are allowed to provide further analysis if sufficient margin has been taken into account for 30 and 60 degrees AoA offsets.



It is true that RF AGC impairments when mutual interference is high in narrow angles are not reflected in simulation. While we think it is necessary to consider this additional RF impairment, it may be also helpful to consider the requirement values for narrow angles (30/60/90deg) together. 
Looking into the simulation results in Table 2.2-3, it can be observed that for narrow angles [30, 90] the simulation results are similar like 21%~ for OR combining (11%~ for arithmetic mean combining) and for wide angle [120, 150] the simulation results are also similar like 35%~ for OR combining (17%~ for arithmetic mean combining). So it is possible to define a requirement spec value for narrow angles [30, 90] and a requirement spec value for wide angles [120, 150] respectively. 
Observation 9:	the simulation results are similar among narrow angles [30, 90], and also similar among wide angles [120, 150].
Proposal 6:	the requirement spec value can be selected from the two alternatives:
· Alt 1: one spec value for narrow angles [30, 90] and another spec value for wide angles
· Alt 2: different spec value for each angle
Based on our simulation results, Alt1 is slightly preferred for simplicity and efficiency. Further discussion is needed considering all companies’ simulation results.

2.6	introduction of K clause in TS 38.101-2
In [7, R4-2310491], it was agreed to use a new suffix in 7.3 clause for this new feature:
	3.9 CR clause
(R4-2307932) there might be 3 options for multi-RX DL requirements to be captured as following
· Option 1: existing single carrier clause 7.3
· Option 2: new clause with dedicated suffix 7.3E
· Option 3: new sub-clause 7.11. (draft CR uses this option) 

Agreement: 
A new clause with dedicated suffix 7.3X is agreed.
· X is FFS, but is not used by FR1.




In Rel-18 FR2 HST work item, it was also agreed to introduce multi-panel RF requirements in new clause with dedicated suffix for 7.3 [8, R4-2310398]. In the approved feature CR [9, R4-2314757], 7.3K clauses are already applied and integrated into the latest TS 38.101-2, but the definition of the new suffix K is still missing. When introducing the new suffix for multi-RX DL, it would be future proof to consider Multi-TX (STxMP) as well, as both are related with transmission or reception to/from different directions in space. So it is suggested to define the new suffix K as “Multiple AoA/AoD”.
Proposal 7:	introduce the definition of new suffix K in Table 4.3-1 of TS 38.101-2 as following:
· Table 4.3-1: Definition of suffixes
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	K
	Multiple AoA/AoD

	NOTE:	Suffix D in this specification represents either polarized UL MIMO or spatial UL MIMO. RF requirements are same. If UE supports both kinds of UL MIMO, then RF requirements only need to be verified under either polarized or spatial UL MIMO.




3. 	Conclusion
Observation 1:	further simulation alignment is needed before deriving requirement values.
Observation 2:	simulation data larger than or equal to 50% at 150deg for OR combining is questionable.
Observation 3:	simulation data larger than or equal to 40% at 150deg for arithmetic mean combining is questionable.
Proposal 1:	If there are simulation results without involving sufficient impairment, additional margin should be considered in final spec derivation to account for that
Observation 4:	2AoA spherical coverage based on go-no-go metric is more sensitive to H&V polarization imbalance than legacy average EIS based metric, and simulation shows up to 4~9% degradation.
Observation 5:	simulation results varies among different implementations for same panel placement, especially performance difference occurs between metal housing and plastic housing, even calibration is already performed.
Proposal 2:	if different implementations are involved (e.g. metal and plastic), the worst performance data should be selected as final simulation results
Observation 6:	if the requirement is defined for fixed 1 AoA offset, AoA offset 30, 60, 120, 150 and 180 are not feasible, and for 90deg the requirement would be likely around 9% for OR combining or 5% for arithmetic mean combining
Proposal 3:	define a requirement for each candidate AoA offset rather than for just 1 fixed AoA offset.
Proposal 4:	stick to previous agreement, i.e. to adopt OR combining.
Observation 7:	CDF percentile based approach is common practice to derive requirement in TRP TRS and MIMO OTA work items
Observation 8:	Even the average approach was adopted in some cases, addition of implementation margin and negotiation on top of averaged value are also common practice in RAN4
Proposal 5:	as starting point, if data processing is per-implementation (each contribution providing more than one set of simulation results), then CDF percentile based approach should be used; if data processing is per-contribution (each contribution providing only single set of simulation results for worst case), then average approach can be adopted.
Observation 9:	the simulation results are similar among narrow angles [30, 90], and also similar among wide angles [120, 150].
Proposal 6:	the requirement spec value can be selected from the two alternatives:
· Alt 1: one spec value for narrow angles [30, 90] and another spec value for wide angles
· Alt 2: different spec value for each angle
Proposal 7:	introduce the definition of new suffix K in Table 4.3-1 of TS 38.101-2 as following:
· Table 4.3-1: Definition of suffixes
	Clause suffix
	Variant

	None
	Single Carrier

	A
	Carrier Aggregation (CA)

	B
	Dual-Connectivity (DC)

	C
	Supplement Uplink (SUL)

	D
	UL MIMO

	K
	Multiple AoA/AoD

	NOTE:	Suffix D in this specification represents either polarized UL MIMO or spatial UL MIMO. RF requirements are same. If UE supports both kinds of UL MIMO, then RF requirements only need to be verified under either polarized or spatial UL MIMO.



Simulation results are gathered in Section 2.2 (Table 2.2-3 and Table 2.2-4)
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