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1.	Introduction
When FR2 test method enhancement SI was originally approved in RAN#85 meeting, test time reduction was agreed as Objective 6 in SID [1], reproduced as following:
6.	Study testability enhancements to reduce test time
-	Including RF test method enhancement with reduced test time, and possible test time saving approach for UE Demodulation test and RRM test

In previous meetings there had been contributions for this topic [2] [3]. Because Objective 1~3 were prioritized until RAN #89, so contributions for Objective 6 were not treated then. Since this meeting, all the objectives are available in meeting agenda, it is time to start discussion on test time reduction.
In this contribution, we mainly revisit the antenna array assumption for measurement grids focusing on power class 3 mobile handheld UE. Some other approaches to save test time are also proposed as well.
2. 	Discussion
2.1	antenna array assumption for measurement grids
Antenna array assumption with 8x2 configuration for power class 3 in testability SI was firstly agreed in [4] in RAN4#86bis meeting. At that time there were few commercial smart phone models supporting mmWave. Different from prototype, commercial models have to consider more practical aspects such as UE size, antenna placement, number of antenna panels, trade-off between cost and performance, etc. Till now, most commercial power class 3 models apply 4x1 (4 elements), which is far from 8x2 array (16 elements)
[bookmark: _Ref1149432]Observation 1:	most commercial power class 3 models apply 4x1 array (4 elements), which is far from 8x2 array (16 elements).
More antenna elements in antenna array means larger panel size. Power class 3 as handheld UE usually has limited size to accommodate many large antenna panels. More antenna elements in antenna array will also need more PCB size to accommodate more RF front end components which will also improve the cost. More antenna elements in antenna array has benefit to achieve higher EIRP due to narrower beam, however, too narrow beam for mobile handheld UE will also increase the beam management burden. Too many antenna elements in antenna array cost much but benefit on performance will not be linearly increased especially for mobile scenario.
Even considering possibilities in the future, it would be enough to adopt 4x2 array rather than 8x2 array. The possibility to adopt 8x2 array for PC3 commercial UE is too low. As shown in Figure 1 of [2], 8x2 array shows a very narrow beam, its beam width is around 12degree which is not suitable for mobile devices. Too narrow beam width requires larger codebook size and more beam management resources. For better antenna gain and spherical coverage, the enhancement of current 4x1 array is better to be 4x2. It is too aggressive to enhance to 8x2, especially for mobile smart phone.
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Figure 1 of [1] as beam pattern for 8x2 antenna array

Observation 2:	Even considering possibilities in the future, it would be enough to adopt 4x2 array rather than 8x2 array.
When deriving peak EIRP and spherical coverage requirements in core specification, 16 antenna elements are adopted for PC1, 8 elements for PC2 and 4 elements for PC3. When deriving measurement grid for PC3 in testability SI, 16 elements is adopted which is considered as the worst-case for PC3. According to this principle, different sets of measurement grids will need to be defined for different power classes. From this point of view, it is worth further study whether different sets of measurement grids shall be categorized per power class or per antenna array dimensions. As a corner case, measurement grid based on the worst-case antenna array dimension will be a great burden for the main stream UEs within the same power class. When deriving measurement grid, there must be trade-off between worst-case and main stream case.
Observation 3:	Different sets of measurement grids will be defined for different power classes. When deriving measurement grid, there must be trade-off between worst-case and main stream case.
[bookmark: _GoBack]In the WF [5] on high DL power and low UL power objective agreed in last meeting, both 8x2 and 4x1 antenna array are considered in the new simulation assumption for Rel-17 enhanced test SI:
New Simulation Assumptions for Rel-17 Enh Test SI
· Offsets:
· Various antenna offsets (yoffset, zoffset) beyond 7.5cm in radius (12.5cm max)
· Offset is defined with respect to the center of antenna array
· Antenna Array: 
· 8x2 and 4x1
· Element near-field assumption is implementation specific

Between 8x2 and 4x1, a 4x2 array assumption is a good trade-off considering 8x2 array is a very corner case, especially for smart phone.
Based on above discussion, we give the following proposals.
[bookmark: _Ref1149451]Proposal 1:	adopt 4x2 array as the antenna assumption for deriving measurement grid for PC3, especially for smart phone UE.
Alternatively, two sets of measurement grids could be developed for PC3, one is the same as current grids based on 8x2 array assumption, the other is relatively sparse grids based on 4x1 (or 4x2) assumption, UE can declare its actual antenna array so that proper measurement grids can be selected.
Proposal 2:	alternative way is to develop two sets of measurement grids for PC3, one is the same as current grids based on 8x2 array assumption, the other is relatively sparse grids based on 4x1 (or 4x2) assumption. Applicability depends on UE declaration.
2.2	other approaches	
Besides test time reduction based on measurement grids reduction, some other aspects could also potentially reduce test time.
RX beam peak search is the most time consuming test case due to EIS search. RSRP was originally considered as baseline for RX beam peak search with significant advantage at much faster measurement time. However, it was changed from RSRP to EIS search considering poor RSRP measurement accuracy as shown in TS38.133. However, the RSRP measurement accuracy in the RRM specification is defined at very low signal level where SNR is no worse than -3dB. Practical test shows that RSRP accuracy at high signal level is much better. As observed in [2], if RSRP accuracy at high power level can be defined, RX beam peak search time could be significantly improved. Moreover, in current measurement procedure defined in TR38.810, there is one step for beam refinement based on beam correspondence which is performed with fine beams based on L1-RSRP measurement, so RSRP measurement with fine beams are also feasible.
Observation 4:	RSRP measurement accuracy can be improved at high downlink signal level and RSRP measurement based on fine beams are feasible.
Proposal 3:	RAN4 study RSRP accuracy at high downlink signal level and then check if RSRP could take place of EIS search as baseline for RX beam peak search.
About EIRP test, there are repeated steps for both link polarizations. The EIRP metric shown in TR38.810 is that “The TX beam peak direction is where the maximum total component of EIRP(PolLink=) or EIRP(PolLink=) is found.” 
For EIRP test of UL MIMO where dual polarization transmission is activated via TMPI configuration. In this case, the output power is the same no matter the link polarization is theta or phi, i.e., EIRP(PolLink=) = EIRP(PolLink=). So EIRP(PolLink=) and EIRP(PolLink=) are duplicated test.
Proposal 4:	For EIRP test of UL MIMO including TX beam peak search, only one link polarization is enough. 
Following the same principle, if EIRP is tested under TX diversity, the equation EIRP(PolLink=) = EIRP(PolLink=) also works. So duplicated EIRP test procedures also exist.
Proposal 5:	For EIRP test when TX diversity (dual polarization transmission) is activated, only one link polarization is enough. 
3. 	Conclusion
Observation 1:	most commercial power class 3 models apply 4x1 array (4 elements), which is far from 8x2 array (16 elements).
Observation 2:	Even considering possibilities in the future, it would be enough to adopt 4x2 array rather than 8x2 array.
Observation 3:	Different sets of measurement grids will be defined for different power classes. When deriving measurement grid, there must be trade-off between worst-case and main stream case.
Proposal 1:	adopt 4x2 array as the antenna assumption for deriving measurement grid for PC3, especially for smart phone UE.
Proposal 2:	alternative way is to develop two sets of measurement grids for PC3, one is the same as current grids based on 8x2 array assumption, the other is relatively sparse grids based on 4x1 (or 4x2) assumption. Applicability depends on UE declaration.
Observation 4:	RSRP measurement accuracy can be improved at high downlink signal level and RSRP measurement based on fine beams are feasible.
Proposal 3:	RAN4 study RSRP accuracy at high downlink signal level and then check if RSRP could take place of EIS search as baseline for RX beam peak search.
Proposal 4:	For EIRP test of UL MIMO including TX beam peak search, only one link polarization is enough. 
Proposal 5:	For EIRP test when TX diversity (dual polarization transmission) is activated, only one link polarization is enough. 
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