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1.	Introduction
During the FR2 OTA test enhancement SI topic discussion at the RAN4 #108 meeting, we discussed the test method for UE RRM and the WF [1] was approved to further discuss the feasibility. 
 In this contribution we share our views on a downlink transmission of signals from 2AoAs and test setups for dual TCI state switching. 

2.	Discussion
2.1 Timing alignment of downlink transmissions from 2AoAs
 The issue 2-1-1 discussed at the last meeting is excerpted from [1] below for reference.
	Issue 2-1-1: Testability analysis for the RRM testing scenarios
· Proposals
· Option 1: Time and Frequency multiplexed downlink transmission should be supported by 2AoA measurement setup for multi-Rx RRM testing. The Illustration is shown in the below figure.


Figure 4: Illustration of downlink transmission for 2AoA measurement setup (R4-2312888)
· Option 2: TBA
· Agreement: 
· RAN4 to further discuss the testability of option 1


 Compared to the legacy 2AoA RRM test cases using the so-called setup 3, a difference between the Rel-18 requirements is that simultaneous PDCCH/PDSCH transmissions are required from 2AoAs. Since this feature might be new to be supported as the RRM OTA test system, a modification of connections in the RRM test system and an additional development are necessary with a system simulator.   
Observation 1: A modification of connections in the RRM test system and an additional development with a system simulator are necessary.

 Next, we’d like to discuss a timing alignment between two DL signals. To consider its influence, following factors need to be cared with the test system.
1) Timing error of signals transmitted from the system simulator.
2) Transmission time difference between two paths from the system simulator to measurement probes.
3) Transmission time difference between the OTA paths from each measurement probe to a UE. 
 Assuming that the timing error can be allowed if it is within a few symbols between the two signals, 2) and 3) above should be negligible since the transmission speed in a coaxial cable and in an air is approximately at least 2 x 10^8 m/s or more. Even 10 meters of differences in the signal paths cause quite short time differences like nano seconds order, which is far smaller than the symbol length. Thus, we need only to care about 1) timing error of signals transmitted from the system simulator. 
Observation 2: To align the timing between two downlink signals, it is necessary to care the timing error of signals transmitted from the system simulator.

2.2 Test setup for dual TCI state switching   
 Next, we would like to discuss pross / cons of each option of issue 2-1-3 in the previous WF [1], extracted below for reference.
	Issue 2-1-3: Dual TCI switching
· Proposals: Companies to provide the views for the following options for dual TCI switching test
· Option 1 (Qualcomm): Dual TCI switches simultaneously, probe number for multiple AoA test system is at least 4


Figure 5: Illustration of Dual TCI switches simultaneously with 4 probes
For option 1, in the period of T1, DUT connects TCI state 0 and TCI state 1 via probe#1 and probe#2 respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between probe#1 and probe#4, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between probe#2 and probe#3.
· Option 2: Dual TCI switches sequentially, probe number for multiple AoA test system is at least 
[image: ]
Figure 6: Illustration of Dual TCI switches simultaneously with 3 probes
For option 2, in the period of T1, DUT connects TCI state 0 via probe#1. In the period of T2, TCI state 0 (anchor TCI) firstly switches to TCI state 2 via switching between probe#1 and probe#3. Then the TCI state 1 is added via probe#2.
· Option 3: Dual TCI switches simultaneously, but the beam directions are not changed, probe number for multiple AoA test system is at least 2
 [image: ]
Figure 7: Illustration of Dual TCI switches simultaneously with 2 probes
For option 3, in the period of T1, DUT connects TCI state 0 and TCI state 1 via Pol.H of probe#1 and Pol.H of probe#2, respectively. Then in the period of T2, TCI state 0 switches to TCI state 3 via switching between Pol.H and Pol.V of probe 1, and in the meanwhile, TCI state 1 switches to TCI state 2 via switching between Pol.H and Pol.V of probe 2. Note that in option 3, different SSB IDs are transmitted from two polarizations in T1 and T2.  
· Option 4: TBA
· Agreement:
· Capture all three candidate options into TR38.871 listing pros and cons, and further discuss based on the conclusion from RRM session for introduced RRM requirements. 



[bookmark: _Hlk146722179] As discussed during the online session at the last meeting, these options increase their system complexity with an order from option 3 to option 1 while they increase a flexibility/coverage with the same order from a viewpoint of the AoA combinations. And as also mentioned before, the more the combination of AoA increases, the more measurement time might be required to find suitable measurement grid points with enough RSRP levels. Besides, it has not been decided in the core requirement discussions on the angle of separation between 2 TRPs yet. Thus, we need to consider these trade-offs between test flexibility, test time and system complexity (which leads to the test system cost) well to achieve appropriate RRM tests. 
Observation 3: The system complexity increases with an order from option 3 (least) to option 1 (highest) while they increase a flexibility / coverage with the same order from a viewpoint of the AoA combinations.
Observation 4: The more the combination of AoA increases, the more measurement time might be required to find suitable measurement grid points with enough RSRP levels.
Observation 5: It has not been decided in the core requirement discussions on the angle of separation between 2 TRPs yet.
Observation 6: Trade-offs exist between test flexibility, test time and system complexity among options.
 The following table summarizes the pros/ cons of each option.
Table 2.2-1: Comparison of test setup options for dual TCI state switching
	Option
	Pros
	Cons

	1
	Most flexible with a placement of antennae for both of TRPs.
	Most complex test system configuration. (High Cost)
Concern with the increase of test time to find a suitable measurement grid points and angular separation combinations.

	2
	Only one TCI state is switchable.
Less complexity compared to option 1.
	Still requires a rather complex test system configuration.
Concern with the increase of test time to find a suitable measurement grid points and angular separation combinations

	3
	Two TCI states can be switched with some limitations.
Simplest system configuration. (Low cost)
Shorter test time is expected than option 1 and 2.
	Less flexibility with the placement of antennae and choices of angular separation.
 





3. Conclusion
In this contribution we shared our views on a downlink transmission of signals from 2AoAs and test setups for dual TCI state switching.
Observation 1: A modification of connections in the RRM test system and an additional development with a system simulator are necessary.
Observation 2: To align the timing between two downlink signals, it is necessary to care the timing error of signals transmitted from the system simulator.
Observation 3: The system complexity increases with an order from option 3 (least) to option 1 (highest) while they increase a flexibility / coverage with the same order from a viewpoint of the AoA combinations.
Observation 4: The more the combination of AoA increases, the more measurement time might be required to find suitable measurement grid points with enough RSRP levels.
Observation 5: It has not been decided in the core requirement discussions on the angle of separation between 2 TRPs yet.
Observation 6: Trade-offs exist between test flexibility, test time and system complexity among options.
Table 2.2-1: Comparison of test setup options for dual TCI state switching
	Option
	Pros
	Cons

	1
	Most flexible with a placement of antennae for both of TRPs.
	Most complex test system configuration. (High Cost)
Concern with the increase of test time to find a suitable measurement grid points and angular separation combinations.

	2
	Only one TCI state is switchable.
Less complexity compared to option 1.
	Still requires a rather complex test system configuration.
Concern with the increase of test time to find a suitable measurement grid points and angular separation combinations

	3
	Two TCI states can be switched with some limitations.
Simplest system configuration. (Low cost)
Shorter test time is expected than option 1 and 2.
	Less flexibility with the placement of antennae and choices of angular separation.
 





4.	References
[1] R4-2313888, “WF for FR2 test SI”, Qualcomm Inc., RAN4 #108, Toulouse, France

Page 1
image2.emf
Probe #1

Probe #3

Probe #1

T1 T2

TCI state 0

TCI state 0

TCI state 2

Probe #2

TCI state 1

Probe #2

TCI state 1

Probe #4

TCI state 3


Microsoft_Visio_Drawing1.vsdx
Probe #1
Probe #3
Probe #1
T1
T2
TCI state 0
TCI state 0
TCI state 2
Probe #2
TCI state 1
Probe #2
TCI state 1
Probe #4
TCI state 3



image3.emf
Probe #1

Probe #2

Probe #1

T1 T2

TCI state 0

TCI state 0

TCI state 1

Probe #3

TCI state 2


image4.png
Probe #1, Pol H Probe 2, Pol. H Probe 1, Pol v Probes2,Pol v

Teigate0 Toiste3
Tasae1 Teigate2

VARV,

2 - 2




image1.emf
T1

AoA1 

transmis

sion 

AoA2 

transmis

sion 

T1

Frequency

Frequency

T2

PDCCH/PDSCH

PBCH

PDCCH/PDSCH

CSI-RS

T2

ĂĂ

 


Microsoft_Visio_Drawing.vsdx


T1
AoA1 transmission
AoA2 transmission
T1
Frequency
Frequency
T2
PDCCH/PDSCH
PBCH
PDCCH/PDSCH
CSI-RS
T2
……



