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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
Issue 2-1-2: RF chains for FR2 HST multi-panel simultaneous reception
	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

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 




Simultaneous data reception and L1 measurement:
The  agreements in WF indicate that Case1, Case2 and Case3 shown in Table 1 shall be specified.
[bookmark: _Ref121126486]Table 1 L1 measurement/data reception on panels
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	data reception
	L1 measurement
	data reception
	L1 measurement
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	Case2
	
	
	
	

	Case3
	
	
	
	




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 strict 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

Observation 1:  Simultaneous data reception and L1 measurement on different panels is common case.
Proposal 1:  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 correctly receive data without restriction when no L1 measurement on same panel but on the other panel.

L3 measurement in multi-panel scheme:
Some concerns arise during last meeting, the essential view is if a L3 measurement on SSB occasions is happening on one panel, the same(same time resources) SSB occasions on the other panel shall be reserved, e.g. no data scheduling, no L1 measurements can be applied on the time resources.
The kind of limitation on L3 measurement is supposed to work but time resources are wasted. Furthermore, this treatment introduces longer L1 and L3 measurement delay indeed. For example, simultaneous data reception and L1 measurement can be performed on two panels separately, It means L3 measurement on one panel shall be scared with L1 measurement on same panel but also L1 measurement on the other panel.
For sake of measurement delay and throughput considerations, what we shall check is if L3 measurement can cope with simultaneous L1 measurement and data reception on both panels, i.e., what can be done on the SSB occasions on one panel if L3 measurements on same SSB occasions on the other panel.
For the intended purpose, it is worthy to apply L1 measurements on those SSB occasions if no L3 measurements on same panel. The more chance for L1 measurement occasion can fasten actual L1 and L3 measurement delay because more SSB occasions are reserved for L1 measurement. More detailly, which is shown in Figure 2 and Figure 3, If L3 measurement occurs on one panel, then:
· The legacy scaling rule between L1/L3 shall be applied on the same panel. 
· 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, an example is demonstrated in Figure 2.
In same manner, If L3 measurements occurs on one panel, then scheduling restriction on data shall be applied to the time resources containing SSBs on the same panel but no scheduling restriction on those symbols on the other panel.
Observation 2: Under the assumption/limitation that ‘no L1 measurements can be applied on those SSBs on the other panel when L3 measurement occurs on one panel’, as a result,  L3 measurement on one panel shall be scaled with L1 measurement on same panel but also L1 measurement on the other panel. It may cause extremely longer L1/L3 measurement delays.
Proposal 2: when L3 measurement occurs on one panel, L1 measurement can be performed in the same panel with legacy scaling between L1 and L3 ; L1 measurement can be performed in the other panel in same SMTC occasion without scaling.
Proposal 3: when L3 measurements occurs on one panel, legacy scheduling restriction shall be applied  on the symbols transmitting the SSB on the same panel; no scheduling restriction on the other panel.
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[bookmark: _Ref127369813]Figure 2 Scaling between L1 and L3 when SMTC periodicity > SSB periodicity



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



Proposal 4: support Option 2-2, Multi-Rx chain is enabled always only on one of the CC (PCC) is baseline, on other CC (SCC) is optional. It also can be interpreted that if multi-CC is configured with multi-panel reception, PCC is operated with multi-panel reception and at same time SCC is operated with single-panel reception.

Issue 2-1-3: MRTD for FR2 HST multi-panel simultaneous reception
	Agreements:
· 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 



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. Furthermore, 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.
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. Under this situation, due to some reasons, e.g.  MRTD difference between from  RRH1 and from RRH2 >CP length, only 1 DL panel and 1 UL panel can work from multi-panel reception, It’s most likely that the working DL panel (panel1 or panel2) shall be assessed by UE.e.g.:
· 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.
But before above options, how UE chooses working DL panel shall be clarified. In this case, UE will enter BFD/CBR procedure after failing to detect any reference signals on the stopped panel. Since RLM is cell specific, no RLM procedure will be executed by UE. From network perspective, the TRP aiming to the stopped panel will try retransmission, If the network is aware that the UE is stopping the panel with the HST deployment characters' light, it may be prevented.
Proposal 5: 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 rule of stopping which panel and maintain which panel shall be clarified, i.e., both network node and UE should be able to assume the same panel is stopped. One possible option is: If UE has two beams from two TRPs, UE shall keep the panel receiving the more recently updated beam and stop the panel receiving the earlier updated beam.
Proposal 6: When the UE falls back to a single panel/RRH operation due to MRTD > CP length then the UL transmission shall be on the working panel which has a corresponding DL reception.
Proposal 7: In multi-panel operation with CA when MRTD > CP length from the two RRHs on the PCell then SCell reception shall be on the working panel which has a corresponding PCell reception.

1.1 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
· 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.



Proposal 8: Keep current uplink spatial relation switch delay requirement, no need to enhance the case of unknown DL RS.

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



Assuming forwards direction and backward direction only cover half of coverage, it is feasible to only use half of RX sweep beam number for multi-panel reception configuration compared with single-panel reception in FR2 HST Rel-17.
Proposal 9: RX sweep beam number in two active panel reception configuration shall be alleviated from the number used in single active panel reception in Rel-17. There are two directions to shorten RX beam sweeping:
1. In L1-RSRP, BFD and RLM, RX sweep beam number can be shortened due to reception on two panels.
2. In L3 measurement, as per particular HST deployment along with railway, L1 measurement on two panels may be reference to L3 measurement for a neighbor cell. Thus, L3 measurement shall be able to apply shorter RX beam sweep number even L3 can be measured on one panel simultaneously only.

Sub-topic 1-7 Switch between multi-panel simultaneous reception and single-panel simultaneous reception
	Way forward:
· FFS the necessity of signalling to UE used by the UE to switch between multi-panel and single-panel simultaneous reception with respect to NW configuration



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 have to always keep multi-panel simultaneous reception.  It shall be different from 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 is out of scope.
Proposal 10: 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:  Simultaneous data reception and L1 measurement on different panels is common case.
Observation 2: Under the assumption/limitation that no L1 measurements can be applied on those SSBs on the other panel when L3 measurement occurs on one panel, as a result,  L3 measurement on one panel shall be scared with L1 measurement on same panel but also L1 measurement on the other panel. It may cause extremely longer L1/L3 measurement delays.
Proposal 1:  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 correctly receive data without restriction when no L1 measurement on same panel but on the other panel.
Proposal 2: when L3 measurement occurs on one panel, L1 measurement can be performed in the same panel with legacy scaling between L1 and L3 ; L1 measurement can be performed in the other panel in same SMTC occasion without scaling.
Proposal 3: when L3 measurements occurs on one panel, legacy scheduling restriction shall be applied  on the symbols transmitting the SSB on the same panel; no scheduling restriction on the other panel.
Proposal 4: support Option 2-2, Multi-Rx chain is enabled always only on one of the CC (PCC) is baseline, on other CC (SCC) is optional. It also can be interpreted that if multi-CC is configured with multi-panel reception, PCC is operated with multi-panel reception and at same time SCC is operated with single-panel reception.
Proposal 5: 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 rule of stopping which panel and maintain which panel shall be clarified, i.e., both network node and UE should be able to assume the same panel is stopped. One possible option is: If UE has two beams from two TRPs, UE shall keep the panel receiving the more recently updated beam and stop the panel receiving the earlier updated beam.
Proposal 6: When the UE falls back to a single panel/RRH operation due to MRTD > CP length then the UL transmission shall be on the working panel which has a corresponding DL reception.
Proposal 7: In multi-panel operation with CA when MRTD > CP length from the two RRHs on the PCell then SCell reception shall be on the working panel which has a corresponding PCell reception.
Proposal 8: Keep current uplink spatial relation switch delay requirement, no need to enhance the case of unknown DL RS.
Proposal 9: RX sweep beam number in two active panel reception configuration shall be alleviated from the number used in single active panel reception in Rel-17. There are two directions to shorten RX beam sweeping:
1. In L1-RSRP, BFD and RLM, RX sweep beam number can be shortened due to reception on two panels.
2. In L3 measurement, as per particular HST deployment along with railway, L1 measurement on two panels may be reference to L3 measurement for a neighbor cell. Thus, L3 measurement shall be able to apply shorter RX beam sweep number even L3 can be measured on one panel simultaneously only.
Proposal 10: 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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