[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #104-e	R4-2211993
Electronic Meeting, August 15 – August 26, 2022	

Title:	Requirements for FR2 simultaneous DL reception from different directions
Source:	Samsung
Agenda item:	11.8.2
Document for:	Discussion
1.	Introduction
In RAN#95e meeting, the Rel-18 FR2 multi-RX downlink reception work item was approved in [1] and in RAN#96 meeting the objectives were updated for RF requirements as following in [2]:
· Introduce necessary requirement(s) for enhanced FR2-1 UEs with simultaneous DL reception with two different QCL TypeD RSs on single component carrier with up to 4 layer DL MIMO
· Enhanced RF requirements:
· [bookmark: _Hlk104922953]Specify RF requirements, mainly spherical coverage requirements, for devices with simultaneous reception from different directions with different QCL TypeD RSs
· The legacy spherical coverage requirement for reception from a single direction will be kept
· PC3 will be prioritized, other power classes should be considered after the PC3 requirements framework is finalized


In this contribution we share our views on how to structure the RF requirements for FR2 multi-RX downlink reception including new spherical coverage requirements in particular.
2. 	Discussion
2.1	MIMO layers
FR2 Receiver RF requirements for traditional UE are derived based on the assumption of polarization gain enabled where 2RX is mandatory. Taking EIS as example, the downlink signal is assumed as linear polarization and hence polarization diversity at UE side is necessary to capture the linear polarized downlink signal with polarization gain assumed as 0dB. That’s the background why FR2 Receiver RF requirements are specified with diversity mode than multiplex mode, i.e. with MIMO layer = 1 (rank 1). The 2 layer MIMO mode performance can be covered by demodulation requirements.
For enhanced FR2 UEs with simultaneous DL reception from different directions (with two different QCL TypeD RSs), though the UE can support up to 4 layer DL MIMO, it is not necessary to specify the Receiver RF requirements with 4 layer MIMO either. To address the linear polarized downlink signal in receiver RF requirements and test, polarization diversity is still needed especially for EIS based test cases. The 4 layer MIMO mode performance can be covered by demodulation requirements.
Observation 1:	polarization diversity is needed in FR2 receiver RF requirements. The MIMO mode performance with maximum layer can be covered by demodulation requirements
Given the MIMO layer from polarization domain (of same panel) is not necessarily considered, then the issue remained is how to handle the MIMO layer from spatial domain (of different panel), i.e., spatial multiplex or spatial diversity. Here ‘spatial multiplex’ means the downlink PDSCH signals from different directions are in different layers, while ‘spatial diversity’ means the downlink PDSCH signals from different directions are with the same layer. In real network, both spatial multiplex and spatial diversity could be configured for such enhanced UE which supports simultaneousReceptionDiffTypeD-r16 capability [3]: 
	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	simultaneousReceptionDiffTypeD-r16
Indicates whether the UE supports simultaneous reception with different QCL Type D reference signal as specified in TS38.213 [11].
	Band
	No
	N/A
	FR2 only



Spatial multiplex can enable higher data throughput while spatial diversity can enhance communication link robustness. From receiver RF requirement perspective, it is identified that the spatial diversity is not feasible. For the simultaneous reception from different directions, the receiver RF performance is dominated by the RX chain with better performance if configured with spatial diversity mode. Usually the receiver performance for different directions are quite different and consequently the contribution from the RX chain with worse performance can be often ignored. Compared with the polarization diversity gain, the spatial diversity gain is more difficult to be reflected in RF requirements. That is to say, with spatial diversity mode, in most scenarios there will be no much difference in RF performance for the enhanced UE with simultaneous reception from different directions, compared with legacy UE based on a panel-switched mechanism with reception from single direction. 
We can see that the spatial diversity mode could not characterize the new feature of the enhanced UE in receiver RF requirements. So the only choice is to configure with spatial multiplex mode for receiver RF requirements.
Observation 2:	spatial diversity mode could not characterize the new feature of the enhanced UE in receiver RF requirements. So the spatial multiplex mode instead of spatial diversity mode needs to be configured.
Based on observation 1 and 2, it can be concluded that the receiver RF requirements should be set up with the assumption of “polarization diversity + spatial multiplex”. The overall framework is summarized in Table 1.
Table.1 requirement framework for enhanced UE supporting simultaneousReceptionDiffTypeD-r16
	
	Cases
	Total rank
	RF requirements
	Demod requirements

	
Legacy
	Single AoA, rank 1
	Rank 1 (‘polarization diversity’)
	Yes, R15 available
	Yes, R15 available

	
	Single AoA, rank 2 
	Rank 2 (‘polarization multiplex’)
	N.A.
	Yes, R15 available

	
New
	Dual AoA, rank 1 in each AoA
	Rank 2 (‘polarization diversity’ +‘spatial multiplex’)
	Yes, R18
	Yes, R18

	
	Dual AoA, rank 2 in each AoA
	Rank 4 (‘polarization multiplex’ +‘spatial multiplex’)
	N.A.
	Yes, R18



The above framework aligns with previous practice. It also aligns with the WID objective where it is required for the enhanced UE to meet not only the legacy spherical coverage requirements but also new spherical coverage requirements. With such a baseline framework, it is proposed to specify new dual AoA RF requirements for UE supporting simultaneousReceptionDiffTypeD-r16 with rank 2 configuration based on the assumption of “polarization diversity + spatial multiplex”.
 Proposal 1:	RAN4 to specify new dual AoA RF requirements for UE supporting simultaneousReceptionDiffTypeD-r16 with rank 2 configuration based on the assumption of “polarization diversity + spatial multiplex”.

2.2	spherical coverage
Spherical coverage has been identified as new RF requirements for devices with simultaneous reception from different directions with different QCL TypeD RSs, as indicated in the WID objective [2]. Spherical coverage is a requirement in 3D sphere where numerous test points are involved. For the legacy spherical coverage requirement based on single AoA, the requirements are derived based on a CDF curve obtained from EIS test results of all the test points in sphere. For new spherical coverage requirements based on dual AoAs, the situation is becoming much more complicated if all the possible direction pairs are to be considered. The permutation of the direction pairs will be so enormous that actually it is not implementable. 
Observation 3:	For new spherical coverage requirements based on dual AoAs, it is not implementable to measure all the permutation of direction pairs.
One practical way is to perform 3D EIS scan per Reference Signals. For dual AoAs spherical coverage, two different QCL typeD RSs shall be configured, e.g. RS1 and RS2 respectively. When performing the spherical coverage measurement corresponding RS1, the AoA of RS2 can be fixed as anchor while 3D EIS scan could be performed with the rotation of RS1’s AoA in whole sphere. And then, vice versa. Refer to the following detailed procedure:
	Measurement procedure for dual AoAs spherical coverage:
Step 1: two different QCL typeD RSs are configured from dual AoAs, e.g. RS1 and RS2
Step 2: set up 2 layer PDSCH communication for dual AoAs (one layer for AoA1 and another layer for AoA2)
Step 3: perform spherical coverage measurement corresponding to RS1
· Fix the AoA of RS2 at an anchor direction
· 3D EIS scan with rotation of RS1’s AoA in whole sphere
Step 4: perform spherical coverage measurement corresponding to RS2
· Fix the AoA of RS1 at an anchor direction
· 3D EIS scan with rotation of RS2’s AoA in whole sphere
Step 5: post data processing with results from step 3 and step 4 based on a 50%-tile metric (FFS)




So the dual AoAs spherical coverage is divided into two separate 3D scan per Reference Signal. For the direction of RS which is not being tested, its direction plays the role of anchor. It is further illustrated as Figure 1 with two sets of 3D EIS scan respectively.
[image: ]
Figure.1 illustration of anchor based dual AoA spherical coverage

Proposal 2:	dual AoA spherical coverage is divided into two separate 3D scan per Reference Signal. Fix the AoA of one RS and perform 3D EIS scan for another RS; and then vice versa. For the direction of RS which is not being tested, its direction plays the role of anchor.
Another important issue is about the percentile or percentage value for the new spherical coverage requirement. It was extensively discussed in previous RAN plenary meetings and it is supposed to be discussed in RAN4 for technical details.  
For spherical coverage requirements in RAN4 specifications, there are mainly two kinds of practice for PC3:
-	EIS spherical coverage @50%-tile is required to be no worse than the spherical coverage requirement in dBm;
-	The coverage area percentage which meets the dBm requirement is required to be no less than 50%.
The first approach (CDF approach) is the regular definition, and the 2nd approach (area approach) is adopted for inter-band CA. No matter which approach is to be adopted for the new dual AoA spherical coverage, the common understanding is that the N% value of each power class should not be changed, which is deemed as essential characteristic of power class and UE type. RAN4 can further discuss how to establish the metric for new spherical coverage with the 50% value for PC3. Given that the new dual AoAs spherical coverage performance is dominated by the worst panel while legacy spherical coverage performance is dominated by the best panel, it is expected that there should be some relaxation in dB compared with legacy spherical coverage requirement.
Proposal 3:	the N% value of each power class should not be changed. RAN4 further discuss the metric for dual AoAs spherical coverage with the 50% value for PC3, and requirement relaxation is expected compared with legacy spherical coverage requirement.

2.3	minimum angle
During above discussion, one more issue is identified, i.e., what is the exact definition of different direction?
Spatial MIMO will not work well when AoA1 and AoA2 are close to each other and there might be severe performance degradation due to worse spatial isolation. One example is shown in Figure 2 as illustration for the case when AoA1 and AoA2 are close to each other.
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Figure.2 illustration when AoA1 and AoA2 are close to each other

Observation 4:	spatial MIMO performance will be degraded when the two AoAs are close to each other.
The interference impact of close AoAs should be considered when specifying dual AoA spherical coverage requirements. A most straightforward way seems to define a minimum angle between two AoAs. The requirement and measurement should assume that the two AoAs are guaranteed to be no less than the minimum angle.
Proposal 4:	a minimum angle can be considered to address the “different direction” condition in RF requirements for simultaneous DL reception from different directions
3. 	Conclusion
Observation 1:	polarization diversity is needed in FR2 receiver RF requirements. The MIMO mode performance with maximum layer can be covered by demodulation requirements
Observation 2:	spatial diversity mode could not characterize the new feature of the enhanced UE in receiver RF requirements. So the spatial multiplex mode instead of spatial diversity mode needs to be configured.
Proposal 1:	RAN4 to specify new dual AoA RF requirements for UE supporting simultaneousReceptionDiffTypeD-r16 with rank 2 configuration based on the assumption of “polarization diversity + spatial multiplex”.

Observation 3:	For new spherical coverage requirements based on dual AoAs, it is not implementable to measure all the permutation of direction pairs.

Proposal 2:	dual AoA spherical coverage is divided into two separate 3D scan per Reference Signal. Fix the AoA of one RS and perform 3D EIS scan for another RS; and then vice versa. For the direction of RS which is not being tested, its direction plays the role of anchor.
Proposal 3:	the N% value of each power class should not be changed. RAN4 further discuss the metric for dual AoAs spherical coverage with the 50% value for PC3, and requirement relaxation is expected compared with legacy spherical coverage requirement.

Observation 4:	spatial MIMO performance will be degraded when the two AoAs are close to each other.
[bookmark: _GoBack]Proposal 4:	a minimum angle can be considered to address the “different direction” condition in RF requirements for simultaneous DL reception from different directions
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