[bookmark: Title][bookmark: DocumentFor]3GPP TSG-RAN WG4 Meeting # 109	R4-2321104
Chicago, US, November 13 – 17, 2023

Agenda Item:			8.2.3
Source:					Qualcomm Incorporated, Huawei, HiSilicon
Title:                        TP to TR 38.871 on RRM test method
Document for:		Approval
Introduction
We propose to approve the following TP to TR 38.871 on RRM test method.
Draft TP on TR 38.871
---------------------------------------------------------Start of the changes -------------------------------------------------------------
	UE RRM testing methodology for multi-Rx chain DL reception
[bookmark: _Toc129091969][bookmark: _Toc129095009]General
<Editor’s note: general aspects related to the UE RRM testing methodology for multi-Rx chain DL reception can be captured in this clause>
This clause describes the UE RRM testing methodology for multi-Rx chain DL reception for FR2. The principle of selecting measurement setup for UE RRM testing is to reuse measurement setup for UE RF testing as much as possible to reduce the test system complexity and test cost. 
Considering system complexity and feasibility, chamber footprint, upgradeability of existing system, the measurement setup supporting Category 1 and Option 2 of Category 2 is selected as the baseline in Rel-18.
The details of OTA test environments including side conditions are to be discussed in the corresponding work item that may have impact to the core requirements.
[bookmark: _Toc129091970][bookmark: _Toc129095010]Measurement setup
<Editor’s note: outcome of measurement setup for UE RRM  testing can be captured in this clause>
Baseline measurement setup
6.2.1.1	Test scenarios
The test scenarios of UE RRM testing for multi-Rx chain DL reception can be divided into two categories depending on whether dual DCI simultaneously switching needs to be supported by measurement setup or not:
	- 	Category 1: All the RRM test cases expect Dual TCI switching
	-	Category 2: Dual TCI switching test case
6.2.1.2	Measurement setup for Category 1 scenario
The baseline measurement setup for Category 1 scenario is implemented based on the legacy 2AoA RRM setup specified in section 6 of [3]. An example measurement setup of multi-Rx chain DL reception RRM test case for Category 1 scenario is illustrated in Figure 6.2.1-1. 
[image: ]
Figure 6.2.1-1: Example measurement setup for Category 1 scenario.


Figure 6.2.1-2: Example of Time and Frequency multiplexed downlink transmission for Category 1 scenario
As illustrated in Figure 6.2.1-2, PDCCH/PDSCH from two AoAs transmit in the FDM manner. PBCH measurement is based on TDM manner. For CSI-RS, the measurements could be based on TDM/FDM/CDM.
6.2.1.3	Measurement setup for Category 2 scenario
Dual TCI switching is the key test case in multi-Rx chain DL reception RRM testing. To verify the performance of Dual TCI switching, the following 43 options are consideredwere discussed:
· Option 1: Dual TCI switches simultaneously, probe number for multiple AoA test system is at least 4


Figure 6.2.1-3: Example measurement setup for Option 1 of Category 2 scenario 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 from one probe to two probes simultaneouslysequentially, probe number for multiple AoA test system is at least 3
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Figure 6.2.1-4: Example measurement setup for Option 2 of Category 2 scenario with 3 probes
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Figure 6.2.1-5: Example of Time and Frequency multiplexed downlink transmission for Category 2 scenario with 3 probes

[bookmark: OLE_LINK2]For Option 2, in the period of T1, DUT connects TCI state 0 via Probe#1. In the period of T2, DUT measures the SSBs from Probe#2 and Probe#3 while keeping the connection from Probe 1. And then DUT simultaneously switches from Probe#1 to Probe#2 and #3. 
An example measurement setup of multi-Rx chain DL reception RRM test case for Category 2 scenario with 3 probes is illustrated in Figure 6.2.1-5. PDCCH/PDSCH from two AoAs transmit in the FDM manner. PBCH measurement is based on TDM manner. For CSI-RS, the measurements could be based on TDM/FDM/CDM. 
For the testing with Option 2, the side conditions for the period T1 and T1 are as follows. In the period of T1, the candidate test direction is selected from legacy EIS spherical coverage. In the period of T2, the candidate test directions (AoA pairs) are selected from multi-Rx spherical coverage requirements defined in UE RF core requirements.
Note that Figure 6.2.1-4 and Figure 6.2.1-5 show an example test procedure for Dual TCI switching. Other test procedures with at least 3 probes measurement setup are not precluded. The details of RRM test cases are to be discussed in the corresponding work item.
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
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Figure 6.2.1-56: Example measurement setup for Option 3 of Category 2 scenario 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: Switching AoAs of the Rx beam from AoA1 to AoA2 or vice versa during the TCI switching test. Probe number for multiple AoA test system is at least 2.


Figure 6.2.1-7 Example measurement setup for Option 4 of Category 2 scenario with 2 probes
For option 4, TCI state switching is based on SSB 0 to SSB 1. The test could be carried out simultaneously or in series with the switching. 
The pros and cons for 3 4 options are listed in Table 6.2.1-1FFS.
Table 6.2.1-1: Pros and cons for 4 options
	
	Pros
	Cons

	Option 1
	-    The setup can fully verify the      performance of dual TCI switching.
	-    Test system will at least support 4 physical probes. 
-    Two of the same AoA offsets from RF session is needed.
-    Reusing of existing test system is not possible

	Option 2
	-   The complexity of test system is lower, e.g., 3 physical probes is needed.
-    The test condition could follow AoA offset from RF session.
Reusing the existing is possible.
	-    The setup can partially verify the performance of dual TCI switching.

	Option 3/4
	-    The complexity of test system is lowest, e.g., 2 physical probes is needed.
	-    The setup cannot verify the real performance of dual TCI switching such as the beam directions are not changed from T1 to T2.
-    This implies a perfect polarization alignment between DUT and TE in order to separate the beams, which is not feasible based on current test systems



Considering system complexity and feasibility, chamber footprint, upgradeability of existing system, the measurement setup for Option 2 with at least 3 probes is selected as the baseline in Rel-18.
---------------------------------------------------------End of the changes---------------------------------------------------------------
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