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1. Introduction
In last RAN4 meeting, the RRM impacts of NR FR2 multi-Rx chain DL reception were further discussed, with agreement captured in [1]. In this paper, we provide our views on performance requirements for FR2 multi-Rx.
2. [bookmark: _GoBack]Discussion
Based on the discussion in last meeting about performance part, the most controversial issue is about the AoA/probe setup in the test. With the input from TE vendors, RAN4 reach following agreements:
	Issue 2-3: Number of probes in RRM test cases
· For TCI state switching test
· Define test at least for Single TCI to dual TCI ([RS1] to [RS2, RS3])
· Further discuss dual-to-dual active TCI state switching if the testability is confirmed.
· Option a:
T1: Two TCI [RS1, RS3], with non-overlapping PDSCH
T2: Two TCI [RS1, RS2], with RS1 and RS2 are a beam pair
· FFS Option b (feasibility to be further confirmed):
T1: Two TCI [RS1, RS3] (source), with RS1 and RS3 are a beam pair
T2: Two TCI [RS2, RS4] (target), with RS2 and RS4 are a beam pair
The offset of beam pair in T2 is not the same of the offset in T1.



Firstly, it is confirmed the TC from single TCI to dual TCI is feasible ([RS1] to [RS2, RS3]), and corresponding TC shall be defined. For dual to dual TCI state switching, company commented that how to define TC for mDCI. From our understanding, the essential constraint is that only one beam pair can be selected for one TC. During the TC, the target TCI states for two TRP shall be the beam pair that UE can simultaneous receive. And before the TCI state switching, each TRP has its own TCI state, but the PDSCH are not scheduled in overlapped time domain. One example is shown as following figure.
[image: ]
Fig.1 mDCI DCI-based TCI state switching procedure.
Consider three AoAs in the test set up (AoA1, AoA2, AoA3) corresponding to (TCI1, TCI2, TCI3), where AoA1 and AoA3 can be simultaneous received by the UE. At the beginning of the test, the TCI of CORSETs with different CORESET pool index are configured with TCI1 and TCI2 in T1. During T1, there is no simultaneous PDSCH reception scheduled by TE. In T2, UE receives DCI to switch the TCI of PDSCH from TCI2 to TCI3 at slot n. Then UE shall be able to receive PDSCH from different TRPs after slot n + timeDurationForQcl. 
Proposal 1: For TCI state switching TC for mDCI, target TCI states are beam pair for simultaneous reception. Before TCI state switching, PDCCH/PDSCH with different TCI states are non-overlapped in time domain. 
Thus, for TCI state switching TC, following TC shall be considered.
· sDCI DCI based active TCI state switching from [RS1] to [RS2, RS3], where [RS2, RS3] are beam pair.
· mDCI DCI based active TCI state switching from [RS1, RS2] to [RS2, RS3], where [RS2, RS3] are beam pair.
Another point worth verifying is the TCI state switching from dual TCI states to single TCI state in sDCI, where no TCI state switching delay is allowed. In TC, it means there is no interruption at all. Thus, for TCI state switching, following TCs are suggested:
Table I. Test cases for TCI state switching for multi-Rx.
	TC index
	Test case
	Details

	TC1
	sDCI MAC-CE based active TCI state switching
	[RS1] to [RS2, RS3] for PDCCH repetition

	TC2
	sDCI DCI based active TCI state switching 
	[RS1] to [RS2, RS3]

	TC3
	sDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1]

	TC4
	mDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1, RS3]

	[] beam pair for simultaneous reception.



Proposal 2: Define following TCs for TCI state switching for multi-Rx:
Table I. Test cases for TCI state switching for multi-Rx.
	TC index
	Test case
	Details

	TC1
	sDCI MAC-CE based active TCI state switching
	[RS1] to [RS2, RS3] for PDCCH repetition

	TC2
	sDCI DCI based active TCI state switching 
	[RS1] to [RS2, RS3]

	TC3
	sDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1]

	TC4
	mDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1, RS3]

	[] beam pair for simultaneous reception.



Another issue is about the AoA selection. The status is summarized as follows:
	Issue 2-2: AoA selection in RRM test cases
· FFS following options
· Option 1: 
· The AoAs for test cases shall be selected from the set that meet corresponding RF requirements. The selection of AoA offset shall wait for further RF conclusion.
· Option 2: 
· The AoAs for RRM test cases do not need to be selected from the set that meet corresponding RF requirements, and are not subject to the RF requirement
· For 2 AoAs selection for RRM test cases, if EIS requirement need to be considered, both EIS1 and EIS 2 should satisfy the spatial side condition; Or 95% throughput should be satisfied
· Option 3: 
· Do not discuss the method of AoA selection for RRM test cases



The current AoA selection rules for RRM test cases are shown as follows:
	A.3.15.3	Setup 3: 2 AoAs
There are 2 active probes in the test. The DL signals, and noise if applicable, transmitted from the two active probes, align to directions (AoAs) which are from the set of directions corresponding to the EIS spherical coverage percentile of the DUT as defined in clause 7.3.4 of TS 38.101-2 [19] for each UE power class. The relative angular offset between the directions (AoAs) of the 2 active probes, shall be changed for each test iteration. The applicable set of relative angular offsets between the 2 active probes is given in Table 3.15.3-1 for each UE power class.



In legacy TCI state switching TC (take A.7.5.8.1 MAC-CE based active TCI state switch as example), the TCI state switching delay are implicitly verified by data reception, which is shown as follows:
	
The test equipment verifies that UE can be scheduled on PCell on TCI state 0 till n+ THARQ +3 ms. The test equipment also verifies the TCI state switch time in PCell by scheduling the UE on TCI state 1 after n+ THARQ +3 ms + (Tfirst-SSB + TSSB-proc).



It shows that the AoA used in the TC case shall guarantee that UE can be successfully scheduled. More details, the SINR conditions shall be guaranteed. The RF requirements are shown as follows:
	For this release, the requirement applies only to FR2-1 UEs that support the following set of capabilities:
1.	simultaneousReceptionDiffTypeD-r16
2.	At least one of:
a.	singleDCI-SDM-scheme-r16 or 
b.	multiDCI-MultiTRP-r16 and either of:
i.	overlapPDSCHsFullyFreqTime-r16.
ii.	overlapPDSCHsInTimePartiallyFreq-r16
The requirement applies for simultaneous reception of rank 2 PDSCH, where each layer uses overlapping RBs in both time and frequency  and is associated with a unique TCI state and AoA. The scheduled TCI states for the rank 2 PDSCH shall be configured with different QCL type-D reference signals respectively. The DL power at the center of quiet zone from each AoA equals the EIS spherical coverage requirement from sub-clause 7.3.4. 
For UEs supporting singleDCI-SDM-scheme-r16, the cumulative throughput in the DL associated with both TCI-states shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified A.3.3.2-5 and A.3.3.2-6 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1).
For UEs supporting multiDCI-MultiTRP-r16, the throughput in the DL associated with each TCI-state shall be ≥ 95 % of the maximum throughput of the reference measurement channels as specified A.3.3.2-1 and A.3.3.2-2 (with one sided dynamic OCNG Pattern OP.1 TDD for the DL-signal as described in Annex A.5.2.1). 




It could be observed that the AoA pairs which can satisfy RF requirements means the demodulation performance are somehow guaranteed. Otherwise, UE may not be able to be scheduled with the AoA pairs selected in TC, and it can not be verified whether the TCI state switching is succeeded or not. Thus, the AoA pairs for simultaneous reception with different QCL-typeD in the TC shall be selected from AoA pairs satisfying Spherical coverage requirement for simultaneous reception from multiple directions as defined in TS 38.101-2 clause 7.3K. 
Proposal 3: The AoA pairs for simultaneous reception with different QCL-typeD in the TC shall be selected from AoA pairs satisfying Spherical coverage requirement for simultaneous reception from multiple directions as defined in TS 38.101-2 clause 7.3K.

3. Conclusions
Proposal 1: For TCI state switching TC for mDCI, target TCI states are beam pair for simultaneous reception. Before TCI state switching, PDCCH/PDSCH with different TCI states are non-overlapped in time domain. 
Proposal 2: Define following TCs for TCI state switching for multi-Rx:
Table I. Test cases for TCI state switching for multi-Rx.
	TC index
	Test case
	Details

	TC1
	sDCI MAC-CE based active TCI state switching
	[RS1] to [RS2, RS3] for PDCCH repetition

	TC2
	sDCI DCI based active TCI state switching 
	[RS1] to [RS2, RS3]

	TC3
	sDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1]

	TC4
	mDCI DCI based active TCI state switching
	[RS1, RS2] to [RS1, RS3]

	[] beam pair for simultaneous reception.



Proposal 3: The AoA pairs for simultaneous reception with different QCL-typeD in the TC shall be selected from AoA pairs satisfying Spherical coverage requirement for simultaneous reception from multiple directions as defined in TS 38.101-2 clause 7.3K.
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