[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #106bis-e 	R4-2304271
Electronic Meeting, April 17 – 26, 2023

Source:	Nokia, Nokia Shanghai Bell
Title:	On Simultaneous Multi-Panel Reception in HST FR2 Enhanced
Agenda item:	5.13.4.1
Document for:	Discussion

[bookmark: _Toc116995841]Introduction
The outcomes of the previous RAN4#106 meeting are summarized in the WF [1]. The following open issues require further discussions in relation with the simultaneous multi-panel operation for train roof mounted FR2 high power devices:
· Deployments, transmission schemes, and RF chain configuration for RRM requirements
· Simultaneous multi-panel operation, i.e., L1, L3 measurements and data/control reception and enhancement of RRM requirements
· Support for CA with the simultaneous multi-panel operation
· MRTD limitation with simultaneous multi-panel operation and switch in between simultaneous multi-panel and single-panel reception.
· UL spatial relation switch
In this paper, we elaborate on different aspects of the simultaneous multi-panel reception in HST FR2 scenario as discussed above.

[bookmark: _Toc116995842]Discussion
Deployment scenarios and CPE configuration
It was agreed at the previous meetings that [1]:
	[bookmark: _Hlk131755863]Agreement:
· RAN4 to follow Rel-17 NR FR2 HST for CPE configuration assumptions where the CPE UE is equipped with 2 panels each for both TX and RX pointing in opposite directions

Agreements:
· RAN4 to focus on bi-directional deployment in Scenario-A and Scenario-B to identify RRM requirement.

Way forward:
· RAN4 to focus on NC JT as the main transmission scheme in Rel-18 HST FR2 enhanced deployments





Following agreements were also achieved for uni-directional deployment [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.

Issue 2-2-2: requirements for uni-directional scenario (assume uni-directional scenario is feasible)
· Proposals
· Option 1: using the same spherical coverage as that in Rel-17 (R4-2301679)
· Option 2: other
· Agreement
· FFS.



Figure 1 presents examples of simultaneous reception for bi-directional and two-sided uni-directional deployments.
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[bookmark: _Ref131763662]Figure 1: Simultaneous reception for bi-directional (top figure) and uni-directional deployments (down figure).

Considering the bi-directional deployment, it is most likely that the CPE receives simultaneous signals on different non-collocated antenna array modules (i.e., front and back panels) and from two non-collocated RRHs with large AoA separation. For two-sided uni-directional deployment, two RRH beams (i.e., TCI states) are received from the same antenna panel (sub-panel) with small AoA separation and higher probability of inter-beam interference. 
[bookmark: _Toc132022960]Depending on the scenario, the CPE may need to perform simultaneous reception with small AoA separation.

Based on the above discussions, as exampled in Figure 2, two RX architecture designs can be considered for simultaneous multi-panel reception when the CPE is equipped with two separate panels:
[image: ]
[bookmark: _Ref131764340]Figure 2: Examples of Rel-18 FR2 HST Rx architecture.
Option #1 is related to a scenario in which the CPE receives signals from the two opposite non collocated panels that can be associated with bi-directional deployment as the main deployment scenario. In this scenario, a CPE with two simultaneous active Rx chains (each with dual polarized reception capability i.e., Rank-2), one connected to each panel can be configured to receive up to 4 layers (2+2) in DL. In a case of Rx design supporting single polarization (i.e., Rank-1), each panel needs to be equipped with at least two Rx chains. Due to the mobility nature of CPE, m-DCI transmission can well handle the received power imbalance from different RRHs.
 Option #2 is to support a scenario in which the UE simultaneously receives two beams (TCI states) from one panel by performing panel splitting to two co-located sub-panels (i.e., splitting the antenna array module to two modules e.g., each with half number of antenna elements). This can be a case for two-sided uni-directional deployment.  The UE architecture should be designed such that the UE can have two simultaneously activated Rx chains (each with dual polarized reception i.e., Rank-2) activated for one antenna panel (i.e., each Rx chain is connected to one of the two co-located sub-panels). In this case, with a small AoA separation, the UE can receive up to 4 layers in DL from the two co-located sub-panels.
[bookmark: _Hlk131766017][bookmark: _Toc132022961]To meet the high throughput service requirement of PC6 UEs, the Rx architecture should be designed two support rank-4 DL reception.
[bookmark: _Toc132022962]RAN4 to assume that HST FR2 enhanced CPE supports 4 layers (Rank 4) in DL.
[bookmark: _Toc132022963]To support rank 4 in DL, RAN4 to assume that HST FR2 Enhanced CPE is equipped with at least 2 simultaneous active Rx chains (each with dual polarized reception i.e., Rank-2) or 4 simultaneous active Rx chains (with rank 1 capability).

Simultaneous multi-panel operation
At the previous meeting the discussion, of multi-panel reception continued as:
	Way forward:
· RRM requirement impact from HST FR2 for simultaneous multi-panel operation should only be focused on 
· Measurements
· L1 measurement
· Simultaneous data reception and L1 measurement
· Scheduling restriction between simultaneous data reception and L1 measurement in multi-panel operation 
· FFS other potential requirement impacts including, simultaneous data reception and L3 measurements, L1 and L3 simultaneous measurements and accordingly measurement/scheduling restriction, 
· FFS based on identifying potential gains or issues 



In our paper at RAN4#106 [R4-2301353], we have introduced a table that summarizes all possible options
[bookmark: _Ref127394464]Table 1: Simultaneous operation modes in FR2 HST.
	Main simultaneous multi-panel operation modes

	Nokia proposal

	1) Simultaneous data (PDSCH and PDCCH) reception from both panels
	x

	
2) Simultaneous data reception from one panel and measurement from the other panel
	2a) Support simultaneous data reception from one panel and L1 or L3 measurement from the other panel.
	x

	3) 
	2b) Support simultaneous data reception from one panel and only L1 measurement from the other panel.
	

	4) 
	2c) Support simultaneous data reception from one panel and only L3 measurement from the other panel.
	

	




5) Simultaneous measurements 
	3a) Support simultaneous L1 or L3 measurement from both panels (i.e., each panel can perform L1 or L3 measurements independently while the other panel simultaneously performs L1 or L3 measurement). 
	
x

	6) 
	3b) Support L1 measurement from one panel while the other panel performs only L3 measurement.
	

	7) 
	3c) Support only simultaneous L1 measurement from both panels (i.e., both panels perform simultaneous L1 measurement).
	

	8) 
	3d) Support only simultaneous L3 measurement from both panels (i.e., both panels perform simultaneous L3 measurement).
	



Here, we discuss necessity, gain and potential issues of supporting each of the above simultaneous scenarios separately. 
· [bookmark: _Hlk131502332]Simultaneous data (PDSCH and PDCCH) reception from both panels (data + data)
Regarding simultaneous data reception, we think that this is the main benefit of simultaneous DL multi-panel reception. Simultaneous data reception significantly enhances the UE throughput, as well as reliability, and enhances the load balancing capability at the network.
[bookmark: _Hlk131767590][bookmark: _Toc132022964]Simultaneous multi-panel data reception significantly enhances the Rel-18 HST CPE throughput requirement.

· Simultaneous data reception from one panel and measurement from the other panel (data + L1 or L3 measurement)
For simultaneous L1 or L3 measurement on one panel and data reception on the other panel, we do not see any differences between performing L1 or L3 measurement. This case is beneficial as there is no interruption in data reception while the UE performs the measurement on the other panel. To maximize the gain, the configurations of measurement time, measurement gap (for L3 measurement), or scheduling restriction (for L1 measurement) should be optimized together with data scheduling such that the UE can also perform timely panel sweeping for having enough samples of measurement (L1 or L3).
[bookmark: _Hlk131769060][bookmark: _Toc132022965] Simultaneous data reception and measurement (L1 or L3), contributes to lower data reception interruption time and enhances the throughput.

· Simultaneous measurements:
· Simultaneous L3 (i.e., L3 + L3) measurements on both panels
Regarding simultaneous L3 measurement on both panels, this can be easily supported by the UE without additional complexity. Performing simultaneous L3 measurements, there is no need for further task separation between panels which makes the scheduling decision/measurement configuration easier at the network as well as panel management at the UE side. Assuming simultaneous L3 measurement on both panels, the UE can perform faster measurement (i.e., there will be no need for panel sweeping scaling factor) which also reduces measurement interruption time.  As provided in Figure 3, there is clear benefits from simultaneous L3 measurement in reducing the HO failure.
  [image: ]
[bookmark: _Ref131769019]Figure 3: Mobility failure for bi-directional deployment, assuming single panel (left side) and simultaneous (right side) L3 measurement
[bookmark: _Hlk131769563][bookmark: _Toc132022966]Simultaneous L3 (i.e., L3 + L3) measurement enhances the mobility performance and reduces the measurement interruption time.
[bookmark: _Toc132022967]Companies are encouraged to either consider the capability of performing simultaneous L3 (L3 + L3) measurement for Rel-18 FR2 enhanced CPE or clarify the technical reasons of not supporting simultaneous L3 measurement.

· [bookmark: _Hlk131770140]Simultaneous L1 (i.e., L1 + L1) measurements on both panels
A similar approach (as simultaneous L1 measurement) can be considered for simultaneous L1 measurement on both panels. This leads to faster L1 measurement which reduces the scheduling restriction gaps and enhances beam measurement/switching delays required for HST devices. The procedure is rather simple and imposes no additional complexity at the both the UE and network side. 
[bookmark: _Toc132022968]Simultaneous L1 (i.e., L1 + L1) measurement enhances the beam management performance and reduces the measurement interruption time without imposing additional complexity.

· Simultaneous L1 on one panel and L3 measurements on the other panel (i.e., L1 +L3)
For simultaneous L1 measurement on one panel and L3 measurement on the other panel, this can be configured by updating the sharing factor, SMTC, and scheduling restriction configurations. As exampled in Figure 4,  these need to be optimized in a way to ensure that the UE can timely perform panel sweeping during L1 or L3 measurement to have reliable and accurate measurement results.   
[image: ]
[bookmark: _Ref131770236]Figure 4: Example of simultaneous L1 and L3 measurement
[bookmark: _Toc132022969]Simultaneous L1 and L3 measurement (i.e., L1+ L3) reduces the measurement delay and measurement interruption time. It also enhances the beam management the HO performance.

[bookmark: _Toc132022970]To maximize the throughput and beam/cell switching performance, the UE should be able to simultaneously perform all the following simultaneous operations:
a. [bookmark: _Toc132022971]simultaneous data reception (i.e., data + data), (mode 1 in Table 1),
b. [bookmark: _Toc132022972]simultaneous data reception and measurement (i.e., data + L1 or L3 measurement), (mode 2a in Table 1),
c. [bookmark: _Toc132022973]simultaneous measurement (i.e., L1 or L3 + L1 or L3), (mode 3a in Table 1), 

	1.6	Sub-topic 1-6 CPE RX beam sweep number for FR2 HST multi-panel simultaneous reception
Way forward:
•	FFS RX sweep beam number reduction



[bookmark: _Toc132022974]The Rx beam sweeping factor can be reduced for Rel-18 FR2 enhanced CPE as the CPE is assumed to be capable of performing simultaneous measurements on both panels.

CA and simultaneous reception
	Issue 1-2-2: The configuration of supporting CA with multi-RX chains
Agreement: 
· Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled for intra-band contiguous CA: 
· FFS intra-band non-contiguous CA.
Way forward:
· The configuration options are FFS:
· Option 1: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled only on one of the component carriers
· Option 2: CPE specific issues. 
· Option 2-1: Rel-18 FR2 PC6 UE can be configured with multi-RX chains enabled on more than on component carrier.
· Option 2-2: Multi-Rx chain is enabled always only on one of the CC (PCC) is baseline, on other CC (SCC) is optional
· Option 3: For intra-band FR2 CA, multi-Rx chains are supposed to be enabled on all serving CCs, if intra-band CA with multi-Rx is supported




Rel-18 FR2 HST assume in-band carrier aggregation. Considering the expected high throughput requirement of such devices and taking into account relaxed constraints on energy consumption, enabling CA on two RRHs significantly enhances the user experienced throughput and bring additional flexibility for better load balancing at the network side. Since carriers are co-located the CPE is able to receive them using same Rx beams/RF modules. 
[bookmark: _Toc132022975]The CPE is able to receive co-located CCs using same Rx beams/RF modules.
[bookmark: _Toc127536630][bookmark: _Toc132022976]Rel-18 FR2 PC6 UE should have a capability to enable multi-RX chains on more than on component carrier.

MRTD
	Sub-topic 1-3 MRTD for FR2 HST multi-panel simultaneous reception
Agreement in Chair Notes:
· For Rel-18 PC6 UE supporting multi-panel simultaneous reception further investigate and, if needed, specify MRTD requirements for signals received on two panels on the same carrier 
· Case 1: MRTD < CP
· Case 2: MRTD > CP
· FFS whether the support of MRTD > CP is up to UE capability
· FFS whether to define requirements for Case 1 and/or Case 2 



MRTD for simultaneous multi-panel reception from two RRHs is around 2.3us, which is 4 times more than the CP length at 120 kHz SCS (CP = 0.58us). Figure 5 presents the compared the MRTD value with the CP length for different locations of the CPE, assuming the CPE simultaneously receives data from two adjacent RRHs. 

[image: ]
[bookmark: _Ref131774219]Figure 5: MRTD for Rel-18 HST.

[bookmark: _Hlk131783155][bookmark: _Toc132022977]For simultaneous multi-panel reception in Rel-18 FR2 HST scenarios, the MRTD value is larger than the CP in most of the cases.
[bookmark: _Hlk131783206][bookmark: _Hlk126913314][bookmark: _Toc127536631][bookmark: _Toc132022978] Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.
Beam switching
	Sub-topic 1-5 UL and DL beam switching for FR2 HST multi-panel simultaneous reception
Way forward:
· FFS whether enhancements are needed in uplink spatial relation switch delay requirement.
· Option 1: Keep current uplink spatial relation switch delay requirement
· Option 2: RAN4 to discuss whether MAC-CE based spatial relation switch to the target associated to the unknown DL RS is possible in HST FR2 scenarios.
· Option 3: The necessity of enhancement in uplink relation switch delay requirement is not in the scope of the WI
· Other options are not precluded
· Companies are encouraged to clarify the enhancement if other options are preferred.



As discussed in our previous paper [3], in simultaneous multi-panel operation, the UE may be configured UL transmission with non-collocated RRH different from the DL one (e.g., due to load balancing).  As a result, the change of UE UL beam and DL beam do not always need to happen at the same time as it was assumed in Rel-17.
The requirements on MAC-CE based spatial relation switch delay is defined in TS 38.133, Clause 8.12.3:

	If the target spatial relation associated to DL RS is known, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + 1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1 where THARQ is the timing between DL data transmission and acknowledgement as specified in TS 38.213 [3].

If the target spatial relation associated to DL RS is unknown, upon receiving PDSCH carrying MAC-CE activation command in slot n, for UL spatial relation switch for PUCCH or semi-persistent SRS transmission of serving cell with a target UL spatial relation, the UE shall be able to transmit PUCCH or semi-persistent SRS with the target UL spatial relation in the slot n+ THARQ + + TL1-RSRP+1 when beamCorrespondenceWithoutUL-BeamSweeping is set to 1.



When the UE is configured for UL transmission, in the case the corresponding DL RS is not known, a longer time may be needed for the UE to synchronize to the new unknown DL beam, i.e., similar to the HST FR2 requirement on DL MAC-CE based TCI stat switching from 8.10.3A when target beam is not. 
[bookmark: _Toc127536633][bookmark: _Toc132022979]If UL beam can be switched to the special relation associated to unknow DL RS in HST FR2 Enhanced deployments, then MAC-CE based spatial relation switch delay may need to be enhanced to allow UE more time to synchronize to DL RS.
[bookmark: _Toc127536634][bookmark: _Toc132022980]RAN4 not to consider UL spatial relation switch to the target associated to the unknown DL RS in HST FR2 scenarios.

[bookmark: _Toc116995848]Conclusion
In the paper, we discuss the main open issues related to the RRM aspects of simultaneous multi-panel reception in HST FR2 deployments.
The following Observations and Proposals were made:
Observation 1: Depending on the scenario, the CPE may need to perform simultaneous reception with small AoA separation.
Observation 2: To meet the high throughput service requirement of PC6 UEs, the Rx architecture should be designed two support rank-4 DL reception.
Proposal 1: RAN4 to assume that HST FR2 enhanced CPE supports 4 layers (Rank 4) in DL.
Proposal 2: To support rank 4 in DL, RAN4 to assume that HST FR2 Enhanced CPE is equipped with at least 2 simultaneous active Rx chains (each with dual polarized reception i.e., Rank-2) or 4 simultaneous active Rx chains (with rank 1 capability).
Observation 3: Simultaneous multi-panel data reception significantly enhances the Rel-18 HST CPE throughput requirement.
Observation 4: Simultaneous data reception and measurement (L1 or L3), contributes to lower data reception interruption time and enhances the throughput.
Observation 5: Simultaneous L3 (i.e., L3 + L3) measurement enhances the mobility performance and reduces the measurement interruption time.
Proposal 3: Companies are encouraged to either consider the capability of performing simultaneous L3 (L3 + L3) measurement for Rel-18 FR2 enhanced CPE or clarify the technical reasons of not supporting simultaneous L3 measurement.
Observation 6: Simultaneous L1 (i.e., L1 + L1) measurement enhances the beam management performance and reduces the measurement interruption time without imposing additional complexity.
Observation 7: Simultaneous L1 and L3 measurement (i.e., L1+ L3) reduces the measurement delay and measurement interruption time. It also enhances the beam management the HO performance.
Proposal 4: To maximize the throughput and beam/cell switching performance, the UE should be able to simultaneously perform all the following simultaneous operations:
a.	simultaneous data reception (i.e., data + data), (mode 1 in Table 1),
b.	simultaneous data reception and measurement (i.e., data + L1 or L3 measurement), (mode 2a in Table 1),
c.	simultaneous measurement (i.e., L1 or L3 + L1 or L3), (mode 3a in Table 1),
Proposal 5: The Rx beam sweeping factor can be reduced for Rel-18 FR2 enhanced CPE as the CPE is assumed to be capable of performing simultaneous measurements on both panels.
Observation 8: The CPE is able to receive co-located CCs using same Rx beams/RF modules.
Proposal 6: Rel-18 FR2 PC6 UE should have a capability to enable multi-RX chains on more than on component carrier.
Observation 9: For simultaneous multi-panel reception in Rel-18 FR2 HST scenarios, the MRTD value is larger than the CP in most of the cases.
Proposal 7: Rel-18 FR2 PC6 UE should support simultaneous data reception from two panels with MRTD more than the CP length.
Observation 10: If UL beam can be switched to the special relation associated to unknow DL RS in HST FR2 Enhanced deployments, then MAC-CE based spatial relation switch delay may need to be enhanced to allow UE more time to synchronize to DL RS.
Proposal 8: RAN4 not to consider UL spatial relation switch to the target associated to the unknown DL RS in HST FR2 scenarios.
[bookmark: _Toc116995849]
References
[1] [bookmark: _Ref114500673][bookmark: _Ref130818637]R4-2303173, “WF on NR FR2 HST Enhancements RRM requirements”, Samsung, RAN4 #106, Athens, Greece, 27 February –03 March, 2023.
[2] R4-2303639, “WF on FR2 HST UE RF requirement”, Samsung RAN4 #106, Athens, Greece, 27 February –03 March, 2023.
[3] R4-2301353, “On Simultaneous Multi-Panel Reception in HST FR2 Enhanced”, Nokia RAN4 #106, Athens, Greece, 27 February –03 March, 2023

image1.png




image2.emf

Microsoft_Visio_Drawing.vsdx




















image3.png
Rx chain#1
with dual-polarized (or Rank 2)
reception capability

Rx chain#2
with dual-polarized (or Rank 2)
reception capability

Rx chain#1
with dual-polarized (or Rank 2)
reception capability

Rx chain#2
with dual-polarized (or Rank 2)
reception capabi

Option#1

Option#2




image4.emf
  Figure  1   Mobility failure   in  Bi - directional Scenario A without  DPS (left:  scaling factor N=2 , ri ght:  scaling factor N=1)  
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