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Introduction
WID on enhanced NR support for high-speed train scenario in frequency range 2 (FR2) [1] is introduced in Rel-18 release. In last meeting, issues on multi-panel reception and CA relevant are discussed and the agreements are captured in [2].
In this contribution, we present our viewpoints and proposals on the issues arose in aforementioned WF.
Discussion
RRM impact by multi-panel simultaneous reception
Deployment scenario for FR2 HST multi-panel simultaneous reception

	1.1 Issue 2-1-2: RF chains for FR2 HST multi-panel simultaneous reception
Way forward:
· FFS the definition of simultaneous multi-panel operation in HST FR2.
· FFS HST FR2 specific issues in simultaneous multi-panel operation compared with Rel-18 NR FR2 multi-Rx chain DL reception WI
· Candidate HST FR2 specific issues to be considered for the next meeting
· Measurements
· UE capability
· Transmission scheme with mDCI or sDCI
· UE architecture
· Other issues are not precluded
Agreements:
· Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled.
· 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: Rel-18 FR2 PC6 UE can be configured with multi-RX chains enabled on more than on component carrier.



Multi-panel simultaneous reception allows UE to receive two DL transmissions/beams from two TRPs simultaneously. Thus, the reception must take into account various signal or type of signal combinations. Below we present some examples with separated investigations.

Simultaneous data reception and L1 measurement:
The L1 measurement RS includes SSB, CSI-RS in resource set configured with repetition ON and CSI-RS not in resource set configured with repetition ON.
For sake of simplicity, in this contribution, SSB based L1 measurement is focused on and investigated mainly, since its mechanism is relevant to issues on RX beam sweeping, TCI state and scaling between L1 measurement and L3 measurement.
Shown in Table 1, Case1, Case2 and Case3 shall be covered in this WI study.  
Case1 is the most ideal use case, data reception or L1 measurement are operated synchronically on two panels, e.g. when L1 measurement is performed on one panel, L1 measurement also is performed on the other panel . The two panels can work same as two single-panels, we don’t see the difference compared to Rel-17.
Due to some reasons, it can be observed that L1 measurement/data reception on two panels aren’t always performed synchronously, and Case 2 and Case 3 appear, e.g. when L1 measurement is performed on one panel, data reception is performed on the other panel instead.
Simultaneous reception in multi-panel reception operation doesn’t limit same start/end point of measurement period of measurements on two panels, in other words, UE may start L1-RSRP on one panel firstly and start L1-RSRP on the other panel late as demonstrated in Figure 5 which demonstrates Case 2 and Case 3.
The side effect of the result is that scheduling restriction on L1 measurement shall be updated. The data reception on panel#1 may occur on symbols corresponding to the SSB indexes configured for L1-RSRP measurement on panel#2. In this case, no scheduling restriction is applied on pane#1 provided no L1 measurement occurs on pane#1 at this time. The phenomenon is demonstrated in Figure 1 also.
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[bookmark: _Ref121139659]Figure 1 Asymmetrical measurement period on two panels

Proposal 1:  Simultaneous data reception and L1 measurement on different panels shall be supported.
Proposal 2:  If L1 measurement is performed on one panel, then the scheduling restriction corresponding to the L1 measurement is only applied  to data reception on the same panel.  UE shall be able to know when to do L1/data reception on two panels and correctly receive data when no L1 measurement on same panel but L1 measurement on the other panel.
For a UE capable to be configured with two active TCI states, it may report a pair of suitable beams to the network by group-based beam reporting. In group-based reporting, the UE can report up to four beam pairs with associated L1-RSRP values. The group-based beam report is configured through the higher layer parameter group-based-beam-reporting set to ‘ON’. The UE reports more than one L1-RSRP and CRI (or SSBRI) that can be received simultaneously by the UE with same Rx beam (i.e., spatial domain filter). The motivation for group-based beam report is multi-panel TRP. The group-based beam report result would be used by the gNB to select transmit beamformers from multiple Tx panels.
As enabled in Rel-16 eMIMO, the scheme of multi-DCI based multi TRxP transmission has been introduced, in which UE can be configured with multiple TRS, and PDSCH is scheduled by different PDCCH/DCI from different TRPs. In Rel-17, multi-DCI based multi-TRP transmission was discussed extensively but gave up finally, the reason is that only single-panel reception was agreed at that time.
Now, even multi-panel reception is more rationale to adopt multi-DCI but a question is if single-DCI based multi-TRP scheme is enough for HST FR2 scenario. Since HST FR2 scenario is a relatively simple network deployment with open air propagation channel, we therefore prefer to keep the baseline of using single-DCI as assumptions of requirements. 
Proposal 3: Group-based reporting shall be supported in multi-panel reception.
Proposal 4: We prefer to maintain the baseline of using single-DCI as assumptions of requirements.

L3 measurement in multi-panel scheme:
Furthermore, RAN4 would need to discuss L3 measurement in multi-panel scheme. The purpose of L3 measurement is to assist mobility. In Rel-17 studies, we didn’t find cell change issues in single-panel reception in bi-directional deployment in Figure 1. Even some companies tried to prove simultaneous L3 measurement may improve handover performance, proper DRX cycle and SMTC periodicity also can shorten the delay in HO and optimize handover in turn. Again, it is still an optimization issue, even without L3 measurement multi-panel scheme, the RRM and mobility can work in existing Rel-17 framework. Given that, there’s no necessary motivation to enhance L3 measurement to support simultaneous-reception in this WI.
Proposal 5: No simultaneous L3 measurements on two panels is allowed, i.e. L3 +L3 shall be precluded from multi-panel reception. But RAN4 shall study how L3 measurement copes with L1 measurement and data reception in multi-panel reception, e.g. L3+L1 case, L3+data case are valid.
What we shall check is that if L3 measurement can cope with simultaneous L1 measurement and data reception on both panels.
Traditionally, overlap of RSs for L1 and L3 measurements have impact in the measurement times. Current assumptions are that L1 and L3 measurements cannot be performed simultaneously, depending on SMTC periodicity comparison to the periodicity of the RS signals (SSB) for L1 measurement, sharing factor is used for scaling up L1 measurement delay and L3 measurement delay. 
Since L3 measurement keeps legacy scheme, same scaling rule (P, ﻿Psharing factor, ﻿Klayer1_measurement and etc.) also can be applied on L1 and L3 measurements in multi-panel scheme but some minor modification is needed. The difference introduced by multi-panel reception scheme, may comprise at least below two issues: 
Issue on L1/L3 scaling restriction: If L3 measurement occurs on one panel, then the scaling rule between L1/L3 shall be applied on the same panel. But L1 measurements occurs on the other panel can be performed at same time and doesn’t consider scaling between L1/L3 even overlapped with SMTC occasion, which is shown in Figure 2 and Figure 3. The chance for L1 measurement occasion can fasten actual L1 and L3 measurement delay because more SSB occasions are reserved for L1 measurement. 
Observation 1: for sake of flexibility, L3 measurement is able to switch between two panels. but in HST scenario, it isn’t mandatory always, L3 measurement may be performed only on one certain panel for a period. 
Issue on scheduling restriction: If L3 measurements occurs on one panel, then the UE should only be allowed scheduling restriction on data transmit by the same RRM transmitting the SSB on the same panel but no scheduling restriction on those symbols on the other panel.
Proposal 6: L3 measurement shall be updated to be compatible with new L3+L1 case: L3  on one panel/L1 on both panels. The scaling restriction between L1 and L3 can be based on an existing rule with minor changes:
· In case of SMTC>SSB periodicity, if L3 measurement occurs on one panel in one SMTC occasion, at this time, L1 measurements are not taken on the same panel as L3; L1 measurement on the other panel can be performed in same SMTC occasion without legacy scaling restriction.
· In case of SMTC=SSB periodicity, if L3 measurement occurs on one panel in one SMTC occasion, at this time, L1 measurement can be performed in the same panel in same SMTC occasion with legacy scaling rule; L1 measurement can be performed in the other panel in same SMTC occasion without scaling restriction.
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[bookmark: _Ref127369813]Figure 2 Scaling between L1 and L3 if SMTC periodicity > SSB periodicity
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[bookmark: _Ref121141192]Figure 3 Scaling between L1 and L3 if SMTC periodicity = SSB periodicity

Proposal 7: Scheduling restriction in L3 measurement shall be updated to be compatible with L3+data case, for example: If L3 measurements occurs on one panel, then the UE should only be allowed legacy scheduling restriction on data transmit by the same symbols transmitting the SSB on the same panel; no scheduling restriction on the other panel.
Due to limitation of searcher number, it is rationale that two components carrier simultaneously reception on each of two RX panels/chains is out of previous assumptions. 
Some companies gave compromised proposals in last meeting that when one component carrier(carrier in PSCell) is received on two panels, it is possible to the other component carrier (carrier in SCell) can be received on one of two panels. The aforementioned issue still exists in this case, If the UE vendor permits it, we are open to this use case.
Proposal 8: The baseline is: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled always only on one of the component carriers (PCC).  The other component carrier(SCC) can be optionally supported on one of two panels at same time provided UE capability supports it.

Issue 2-1-3: MRTD for FR2 HST multi-panel simultaneous reception
	Agreements:
· For Rel-18 PC6 UE supporting simultaneous multi-panel operation, FFS MRTD of signals received on two panels on the same carrier can be extended to the value higher than the length of CP 
· FFS whether this UE behaviour/requirement depends on UE capability or not.
· FFS whether depends on the deployment (e.g., Ds)



In last meeting, some companies proposed that UE shall be optional to support MRTD>CP with respect to introducing UE capability. We suppose it follows some discussions in Multi-RX sessions. 
We don’t oppose the UE capability totally, but UE behavior shall be checked as subsequence of it. For example, as per one-shot timing adjustment, long Ds results into timing change larger than CP length,  the UE may lose DL reception and block corresponding UL transmitting on one of panels under the condition. RAN4 shall check whether procedure or behavior shall be provided to regulate and mitigate potential performance degradation.
Assuming a UE configured with multi-panel operation (2 DL panels/1 UL panel), wherein in DL, panel1 and panel2 receives reference signals and data from RRH1 and RRH2 respectively; in UL, panel 1 transmits reference signals and data to RRH1. Due to some reasons, e.g.  MRTD between RRH1 and RRH2 >CP length, only 1 DL panel and 1 UL panel can work. It’s rational that the working DL panel (panel1 or panel2) shall be assessed by UE, the working UL panel shall always be same as the working DL panel, either keeping same UL panel in multi-panel operation or switching from UL panel in multi-panel operation to the other one. In the same way, SCell reception shall be on the panel with valid PCell reception provided SCell is valid on one or both panels upon multi-panel operation on PCell.
Additionally, in HST scenario, the most of cases of losing 1 DL panel connection resulting from MRTD>CP length is due to propagation time from one RRH to conservative RRH is larger than CP length, in a way, losing a DL connection has certain rules and resuming normal multi-panel reception from losing the DL connection  can be expected after shot limited time interval.
Proposal 9: The UE behavior (in DL and UL) in multi-panel operation shall be defined if the MRTD > CP length from the two RRHs and the UE can support the multi-panel operation provided that the MRTD ≤ CP length. 
Observation 2: in HST scenario, the most of causes of losing DL reception on one of panels resulting from MRTD>CP length is that propagation time from one RRH to conservative RRH is larger than CP length. 
Proposal 10: If the MRTD > CP length from the two RRHs and the UE can support the multi-panel operation provided that the MRTD ≤ CP length then the UE will use the panel/RRH which is commonly known to both the UE and the network.
Proposal 11: When the UE falls back to a single panel/RRH operation due to MRTD > CP length then the UL transmission shall be on the panel which has a corresponding DL reception.
Proposal 12: In multi-panel operation with CA when MRTD > CP length from the two RRHs on the PCell then SCell reception shall be on the panel which has a corresponding PCell reception.

1.2 Issue 2-1-5: 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
· Other options are not precluded
· Companies are encouraged to clarify the enhancement if other options are preferred.   



Proposal 13: Keep current uplink spatial relation switch delay requirement.
We suppose RX beam scaling factor shall be enhanced (i.e, reduced number) in multi-panel reception configuration compared with Rel-17 FR2 HST where assumed only single Rx panel is activated. Assuming forwards direction and backward direction only cover half of coverage, and CA configuration is only limited within intra-carrier, it is reasonable to only use half of RX sweep beam number for multi-panel reception configuration compared with Rel-17 FR2 HST.

New issue 1: RX beam sweep number for FR2 HST multi-panel simultaneous reception
Proposal 14: RX sweep beam number in two active panel reception configuration shall be reduced from the number used in single active panel reception in Rel-17. 

New issue 2: Switch between multi-panel simultaneous reception and single-panel simultaneous reception
Panel operation may change with respect to various network configuration, e.g. one geographic area with network configuration supporting multi-panel and another geographic area with network configuration not supporting multi-panel, consequently, UE may switch between multi-panel simultaneous reception and single-panel simultaneous reception up to change of network configuration, otherwise, UE shall always keep multi-panel simultaneous reception which isn’t efficient. 
Another possibility to switch between multi-panel simultaneous reception and single-panel simultaneous reception is short-term losing/missing multi-panel simultaneous reception due to some reasons, e.g. when UE’s position is beneath one RRH and can’t receive any reference signals from consecutive RRHs. This kind of short-term losing/missing multi-panel simultaneous reception can be recovered after UE moves to new proper position, therefore we can skip it.
Proposal 15: RAN4 shall check the necessity of signaling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to network configuration. Between the below two options, we prefer Option1.
Option 1: it is assumed that once the NW configures the UE with group based reporting, then the UE is always expected to use multi-panel operation.
Option 2: New explicit signaling to indicate multi-panel operation.

Conclusion
Observation 1: for sake of flexibility, L3 measurement is able to switch between two panels. but in HST scenario, it isn’t mandatory always, L3 measurement may be performed only on one certain panel for a period. 
Observation 2: in HST scenario, the most of causes of losing DL reception on one of panels resulting from MRTD>CP length is that propagation time from one RRH to conservative RRH is larger than CP length. 
Proposal 1:  Simultaneous data reception and L1 measurement on different panels shall be supported.
Proposal 2:  If L1 measurement is performed on one panel, then the scheduling restriction corresponding to the L1 measurement is only applied  to data reception on the same panel.  UE shall be able to know when to do L1/data reception on two panels and correctly receive data when no L1 measurement on same panel but L1 measurement on the other panel.
Proposal 3: Group-based reporting shall be supported in multi-panel reception.
Proposal 4: We prefer to maintain the baseline of using single-DCI as assumptions of requirements.
Proposal 5: No simultaneous L3 measurements on two panels is allowed, i.e. L3 +L3 shall be precluded from multi-panel reception. But RAN4 shall study how L3 measurement copes with L1 measurement and data reception in multi-panel reception, e.g. L3+L1 case, L3+data case are valid.
Proposal 6: L3 measurement shall be updated to be compatible with new L3+L1 case: L3  on one panel/L1 on both panels. The scaling restriction between L1 and L3 can be based on an existing rule with minor changes:
· In case of SMTC>SSB periodicity, if L3 measurement occurs on one panel in one SMTC occasion, at this time, L1 measurements are not taken on the same panel as L3; L1 measurement on the other panel can be performed in same SMTC occasion without legacy scaling restriction.
· In case of SMTC=SSB periodicity, if L3 measurement occurs on one panel in one SMTC occasion, at this time, L1 measurement can be performed in the same panel in same SMTC occasion with legacy scaling rule; L1 measurement can be performed in the other panel in same SMTC occasion without scaling restriction.
Proposal 7: Scheduling restriction in L3 measurement shall be updated to be compatible with L3+data case, for example: If L3 measurements occurs on one panel, then the UE should only be allowed legacy scheduling restriction on data transmit by the same symbols transmitting the SSB on the same panel; no scheduling restriction on the other panel.
Proposal 8: The baseline is: Rel-18 FR2 PC6 UE can be configured with multiple carriers even with multi-RX chains enabled, but multi-Rx chain is enabled always only on one of the component carriers (PCC).  The other component carrier(SCC) can be optionally supported on one of two panels at same time provided UE capability supports it.
Proposal 9: The UE behavior (in DL and UL) in multi-panel operation shall be defined if the MRTD > CP length from the two RRHs and the UE can support the multi-panel operation provided that the MRTD ≤ CP length. 
Proposal 10: If the MRTD > CP length from the two RRHs and the UE can support the multi-panel operation provided that the MRTD ≤ CP length then the UE will use the panel/RRH which is commonly known to both the UE and the network.
Proposal 11: When the UE falls back to a single panel/RRH operation due to MRTD > CP length then the UL transmission shall be on the panel which has a corresponding DL reception.
Proposal 12: In multi-panel operation with CA when MRTD > CP length from the two RRHs on the PCell then SCell reception shall be on the panel which has a corresponding PCell reception.
Proposal 13: Keep current uplink spatial relation switch delay requirement.
Proposal 14: RX sweep beam number in two active panel reception configuration shall be reduced from the number used in single active panel reception in Rel-17. 
Proposal 15: RAN4 shall check the necessity of signaling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to network configuration. Between the below two options, we prefer Option1.
Option 1: it is assumed that once the NW configures the UE with group based reporting, then the UE is always expected to use multi-panel operation.
Option 2: New explicit signaling to indicate multi-panel operation.
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