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1. Introduction
Feasibility and requirements for simultaneous multi-panel operation for FR2 HST have been discussed for bi-directional and uni-directional deployment scenarios respectively. For bi-directional RRH deployment scenario, the feasibility has been confirmed in RAN4#105 meeting [1] and RF requirements are pending on the progress of Multi-RX WI in terms of 2AoA spherical coverage requirement concept [2]:
	Issue 2-1: RF requirements for bi-directional scenario
· Proposals
· Option 1: it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept (R4-2300998)
· Option 2: No RF requirement is specified for multi-panel reception in Rel-18. RF requirements for FR2 HST multi-panel reception could be further studied in Rel-19 if the necessity is identified (R4-2301581)
· Option 3: Focus on developing RF requirements for the bi-directional deployment scenario. RAN4 shall discuss how spherical coverage is to be considered for HST PC6 in Rel-18. (R4-2301679)
· Agreement
· it is proposed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept



For uni-directional RRH deployment scenario, the feasibility is still open issue. Uni-directional scenario A is agreed not feasible [1], and uni-directional scenario B need further feasibility study [2]:
	Issue 2-2-1: feasibility of uni-directional scenario
· Proposals
· Option 1: Uni-directional RRH deployment scenario is concluded not feasible for simultaneous multi-panel operation unless there is deployment plan (R4-2300998)
· Option 2: RAN4 should consider mitigation techniques to separate the two beams in the uni-directional deployment scenario as depicted in Figure 4 (R4-2301679)
· Agreement
· FFS feasibility of uni-directional scenario B.



In this contribution, we share our views on RF requirements for bi-directional deployment scenario based on progress in Multi-RX WI, and further discuss the feasibility of uni-directional scenario B. 
2 Discussion 
2.1 Bi-directional RRH deployment
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Figure.1 Illustration of bi-directional RRH deployment in FR2 HST scenario
In last RAN4 meeting, it was agreed to determine how to specify RF requirements for bi-directional scenario after Multi-RX DL WI has conclusion on 2AoA spherical coverage requirement concept. Multi-RX DL WI has big progress last meeting and the requirement concept baseline has been agreed and the baseline requirement concept is supposed to be formally confirmed this meeting [3]:
	1.2.2 Requirement Concept for UE RF 
· Proposal for UE RF requirement concept
· Option 1: The EIS total spherical coverage requirement should be defined with the tolerance Z dBm based on the requirements for the single direction (R4-2301622). 
· Option 3 from WF R4-2220533: Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%. (R4-2300196, R4-2300268, R4-2300709, R4-2301234, R4-2302250). 
· Option 5: Spherical coverage requirement only applies to ‘2nd direction’, but no requirement is applied to 1st direction. Consider the spherical coverage requirement for 2nd direction in the condition where the CDF of antenna beam gain for 1st direction meets the minimum spherical coverage of 50%. (R4-2300949)
Agreement: 
· Use Option 3 as baseline. 
· Companies can also provide the evaluation for Option 1 and Option 5.
· FFS on details for requirement concept e.g., DL power level in Option 3, in section 1.2.9

1.2.3 Timeline to determine Requirement Concept for UE RF 
· Proposal: Postpone down-selection of requirement concept until after simulation assumption is aligned and simulation results are collected (R4-2300987)
Agreement:
· Confirm Option 3 in section 1.2.2 as requirement concept if no critical issue identified after simulation results are collected.



So the baseline requirement concept is a new performance metric based on functionality verification like ‘go or no-go’ which is different from previous sensitivity based metric, and there will be two variables to be determined as the 2AoA spherical coverage: YdBm and M% coverage
Only verify the UE functionality (e.g., go or no-go) under two AoAs with a fixed DL power level. In other words, the UE can achieve EIS performance not worse than YdBm on the test point pair (corresponding to 2 AoAs) and the ratio of qualified test points over the whole sphere is M%.
Observation 1: following the baseline requirement concept in Multi-RX DL WI, there will be two variables to be determined as the 2AoA spherical coverage: YdBm and M% coverage
In Multi-RX DL WI, the starting point value for YdBm is the legacy 1AoA spherical coverage spec in dBm, and the M% is supposed to be a fraction of legacy 1AoA coverage spec (example PC1 = 15%, PC3=50%). E.g. for PC3, if YdBm is equal to legacy spec, then then M% value is expected to be obviously smaller than 50%.
For PC6 FR2 HST devices, the spherical coverage is special compared with other power classes. If the 2AoA spherical coverage is specified with a smaller value in percentage than legacy coverage for PC6 devices, we don’t think it would still work for all bi-directional deployment scenarios. In that sense, we think FR2 PC6 devices are specific and the 2AoA coverage area should be exactly the same as that of legacy 1AoA area, i.e., Area-1 and Area-2.
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Figure.2 Illustration of coverage area for bi-directional deployment scenario
Proposal 1: Regarding M% coverage, FR2 PC6 devices are specific and the 2AoA coverage area should be exactly the same as that of legacy 1AoA area, i.e., Area-1 and Area-2.
Regarding the YdBm value, the starting point should also be the legacy 1AoA spherical coverage spec in dBm of PC6.
Proposal 2: the starting point of YdBm value should also be the legacy 1AoA spherical coverage spec in dBm of PC6.
According to the discussion and agreement in Multi-RX DL WI, the 2AoA angular separation and UE orientation are also part of core requirements. In the simulation campaign of Multi-RX DL WI, all the angular separation values in the list {30°, 60°, 90°, 120°, 150°, 180°} are considered and among them {30°, 60°, 90°, 120°, 150°} have been confirmed feasible in testability based on the agreement from FR2 OTA SI.
For HST scenario, obviously it is not necessary to consider all those angular separations values. It is only necessary to consider the angular separation value(s) aligned with practical deployment. According to agreement in Multi-RX DL WI, the 2AoA TRPs should be placed along the theta line in zx plane. Based on the theta range of Area-1 and Area-2 shown in Figure.2, the centroid of Area-1 and centroid of Area-2 have 150° angular separation ( 75° - (-75°)= 150° ). So we propose to adopt single angular separation value, i.e. 150° in theta of UE coordination.
Proposal 3: it is proposed to adopt single angular separation value, i.e. 150° in theta of UE coordination.
Regarding UE orientation, HST device is also specific as its legacy spherical coverage requirements are specified under UE coordination, that is to say, there is no different orientation issue.
Proposal 4: spherical coverage of HST devices is specified with UE coordination and no need to consider different UE orientations.
Based on proposal 3 and 4, an example of test implementation can be shown in Figure 3. In case of 15° constant step size measurement grid, 3 series of test could be run depending on different AoA1 theta value and AoA2 theta value with phi rotating along z-axis. Note that in coordination of test system, UE re-position may be needed between different tests.
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Figure.3 an example of test implementation
The above discussion on testability shows that all these proposals are testable.
One more issue is about AoA+ offset and AoA- offset. In Multi-RX DL WI, both AoA+ offset and AoA- offset are considered for each test grid point. It is observed that the two AoA offsets are not applicable for HST devices. For example, if AoA1 in Area-1 and AoA2 in Area-2 are separated with 150°, then -150° offset in theta will be out of coverage. So it is proposed not to consider both AoA+ offset and AoA- offset.
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Figure.4 Illustration of AoA+ offset and AoA- offset in Multi-RX DL WI

Proposal 5: it is proposed to only consider single AoA offset, i.e., not to consider both AoA+ offset and AoA- offset.
2.2 Uni-directional RRH deployment
As observed in our previous contribution [4], multi-RX operation for uni-directional deployment requires ”RRH paired” deployment, as shown in Figure. 5. 
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Figure.5 Illustration of uni-directional deployment for simultaneous multi-panel operation
For uni-directional RRH deployment, there are two scenarios, A and B.
	Scenario
	Ds (meter)
	Dmin (meter)
	Ds_offset (meter)

	A
	700
	10
	10

	B
	700
	150
	100


RRH in scenarios A is close to the track and there show no performance benefits [4] and confirmed not feasible [1]. For scenario B there is potential throupgput benefits but it requires to deploy RRH pairs with 150m distance to the track on both sides. Usually it is not easy to deploy RRHs on both sides of the track, especially the distance is up to 150m. Operator feedback is needed regarding feasibility of such deployment.
Observation 2: the uni-directional simultaneous multi-panel operation requires ‘RRH paired’ deployment with 150m distance to the track on both sides.
Besides new deployment assumption, new assumption on UE antenna panel are also needed. Based on the Rel-17 conclusion, two panels shall be physically installed to flexibly support either forward or backward incoming signal direction, as indicated by the Rel-17 spherical coverage requirement for FR2 PC6 UE. In order to support above uni-directional simultaneous multi-panel operation, two panels are required for both forward and backward directions, i.e. total 4 panels.
Observation 3: the uni-directional simultaneous multi-panel operation requires upgrading the UE panel assumption from 2 panels to 4 panels.
Even 4 panels are possible, note that there will be performance degradation compared with that of bi-directional multi-RX because boresight beam can not be used and spatial interference is higher, e.g., the impact of side lobe will be worse for uni-directional scenario than that of bi-directional scenario.
Observation 4: new UE assumption with 4 panels still have worse performance under uni-directional scenario than that of bidirectional scenario.
In terms of coverage, coverage hole along the track is expected within legacy coverage Area-1 and Area-2. So the 2AoA spherical coverage for HST devices in uni-directional scenario is two fractions of legacy area, refer to Figure. 6 for example.
Observation 5: coverage hole is expected within legacy coverage Area-1 and Area-2 for uni-directional scenario.
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Figure.6 Illustration of 2AoA spherical coverage for uni-directional scenario
Regarding testability, the AoA1 and AoA2 are along the phi line which is not aligned with Multi-RX DL WI agreement (required to be along theta line). Testability issue also needs to be considered if requirements for uni-directional deployment scenario would be needed.
Observation 6: Testability issue also needs to be considered if requirements for uni-directional deployment scenario would be needed.
3. Conclusion
3.1 For bi-directional scenario:
Observation 1: following the baseline requirement concept in Multi-RX DL WI, there will be two variables to be determined as the 2AoA spherical coverage: YdBm and M% coverage
Proposal 1: Regarding M% coverage, FR2 PC6 devices are specific and the 2AoA coverage area should be exactly the same as that of legacy 1AoA area, i.e., Area-1 and Area-2.
Proposal 2: the starting point of YdBm value should also be the legacy 1AoA spherical coverage spec in dBm of PC6.
Proposal 3: it is proposed to adopt single angular separation value, i.e. 150° in theta of UE coordination.
Proposal 4: spherical coverage of HST devices is specified with UE coordination and no need to consider different UE orientations.
Proposal 5: it is proposed to only consider single AoA offset, i.e., not to consider both AoA+ offset and AoA- offset.
3.2 For uni-directional scenario:
Observation 2: the uni-directional simultaneous multi-panel operation requires ‘RRH paired’ deployment with 150m distance to the track on both sides.
Observation 3: the uni-directional simultaneous multi-panel operation requires upgrading the UE panel assumption from 2 panels to 4 panels.
Observation 4: new UE assumption with 4 panels still have worse performance under uni-directional scenario than that of bidirectional scenario.
Observation 5: coverage hole is expected within legacy coverage Area-1 and Area-2 for uni-directional scenario.
Observation 6: Testability issue also needs to be considered if requirements for uni-directional deployment scenario would be needed.
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