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[bookmark: _Toc116995841]Introduction
One of the objectives of the NR_HST_FR2_Enh WI [1] is to specify the requirements for simultaneous multi-panel operation:
	· Specify the requirement for simultaneous multi-panel operation for train roof-mounted FR2 high power devices [RAN4]:
· Maximum 2 active panels supporting the multi-panel simultaneous reception. 
· NOTE: Focus on FR2 HST specific requirements, and avoid the overlap with the scope of FR2 multi-Rx DL reception 



We think that the UE capability to perform measurements simultaneously with panels is one of distinguishing features that may provide gains in high-speed deployments.
In this paper, we provide the detailed analysis of simulation results in uni- and bi-directional HST scenarios when the measurement scaling factor is reduced from N=2 to 1 and from N=6 to 3 in Scenario-A and Scenario-B, correspondingly.
This paper contributes our discussion of RRM impacts by multi-panel simultaneous reception presented in the accompanying paper [2].


[bookmark: _Toc116995842]Discussion
In this paper, we demonstrate the potential gains in mobility performance provided by multi-panel operations in FR2 HST through the system level simulation. As an initial study, our main focus is to demonstrate the benefit seen by the simultaneous two-panel measurement compared to only single-panel one in bi-directional deployments. The goal is to provide an initial understanding on potential gains from using two-panel measurement and receptions in HST FR2 scenarios.
Four main scenarios are presented and discussed below:
1) Uni-directional Scenario-A with RX beam sweeping factor N=2 and further enhanced N=1
2) Uni-directional Scenario-B with RX beam sweeping factor N=6 and further enhanced N=3
3) Bi-directional Scenario-A with RX beam sweeping factor N=2, further enhanced N=1 and for two different multi-panel UE (MPUE) types:
a. MPUE 1 capable of measurements on one panel at a time
b. MPUE 3 capable of measurements on two panels simultaneously
4) Uni-directional Scenario-B with RX beam sweeping factor N=6, further enhanced N=3, and for two MPUE types:
a. MPUE 1 capable of measurements on one panel at a time
b. MPUE 3 capable of measurements on two panels simultaneously

In the following system-level simulations for mobility performance, we consider both deployment scenarios specified in Release 17 [3], i.e., Scenario-A and Scenario-B. Only the results of the non-DPS/non-SFN transmission scheme (i.e., based on L3-mobility and the traditional HO procedures) are shown as we mainly look into a worst-case scenario. We assume that every RRH corresponds to an individual cell with a unique PCI. Simulation parameters follow the enhanced setting in Table 6.3.4.1.2-1 and general settings in Table 6.3.8.1-1 from TR [3].
We consider further enhanced configuration by reducing the scaling factor from 2 to 1 in Scenario-A, and from 6 to 3 in Scenario-B. There are several reasons why find this results indicative:
· In general, the RX sweeping scaling factors takes into account the signal can come from both directions from the UE. If the measurement can be done simultaneously on both panels, the UE needs twice less time to perform the measurements. It is true both for uni-directional and bi-directional deployments.
· A bi-directional deployment, when the UE can receive data and perform measurements simultaneously with both panels can be analyzed as a combination of two unidirectional deployments from the mobility point of view. One of the panels is travelling in the “same” direction while the other one - in the “opposite” direction relative to the serving beam.
· Finally, the analysis of bi-directional deployment when each RRH is an individual cell is the most challenging case for mobility. Recall, that bi-direction Scenario-A was agreed to be the most challenging in Rel-17 and was exclude from the list of priority deployments for HST FR2.
The parameters for the delay and measurement periods corresponding the reduced scaling factors are provided in Table 1.
Table 1: Measurement period and delay simulation assumptions for mobility performance evaluation with further enhanced scaling factors.
	Parameter
	Value

	DRX
	DRX disabled (DRX 0), 40, 80, 160 ms cycles

	RRC measurement period
L1 RSRP measurement period
	Scaling factor N=1:
DRX 0: 60 ms
DRX 40: 180 ms
DRX 80: 360 ms
DRX 160: 720 ms 
Scaling factor N = 3:
DRX 0: 180 ms
DRX 40: 540 ms
DRX 80: 1080 ms
DRX 160: 2160 ms

	Cell detection delay
(TPSS/SSS_sync_intra)
	Scaling factor N=1:
DRX 0: 600 ms
DRX 40: 600 ms
DRX 80: 600 ms
DRX 160: 720 ms
Scaling factor N = 3:
DRX 0: 600 ms
DRX 40: 600 ms
DRX 80: 1080 ms
DRX 160: 2160 ms

	RLM assumptions
	Scaling factor N=1:
TEvaluate_out_CSI-RS: 600, 3600, 7200, 14400 ms (DRX 0, 40, 80, 160)
Scaling factor N = 3:
TEvaluate_out_CSI-RS: 600, 3600, 7200, 14400 ms (DRX 0, 40, 80, 160)

N310: 2 samples
N311: 2 samples
Qout threshold SINR: -8 dB
Qin threshold SINR: -6 dB



Uni-directional Scenario A
This section shows system level simulation mobility performance results with further enhanced scaling N=1 for uni-directional Scenario-A for both cases when the train is traveling into ‘same’ direction and ‘opposite’ direction w.r.t. serving beam orientation. In addition to the new simulation result with scaling factor N=1, previous results with enhanced scaling factor N=2 (reported in TR [3]) are also included for comparison purposes.
Figure 1 shows the successful handover rate per CPE per second. Here, we assume only one RRH is per BBU, i.e., and DPS is not used. As expected, further enhanced scaling N=1 results in higher handover rate, and the highest handover rate that occurs at non-DRX setting is significantly increased compared to the N=2 without DRX. With DRX >80 ms, N=1 results in a similar handover rate for both Same and Opposite directions.[image: Chart, bar chart

Description automatically generated][image: ]
[bookmark: _Ref118465030][bookmark: _Ref118711562]Figure 1 Handover rate in Uni-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)

Figure 2 shows the ping-pong handover rates, where handover is defined as ping-pong if it happens back-and-forth between two same base stations within 1 second. We observe the significant increase of ping-pong rates when further enhanced scaling N=1 is used for all DRX setting compared to scaling N=2. 
[image: ][image: ]
[bookmark: _Ref118713008]Figure 2 Ping-pong rate in Uni-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)

Figure 3 shows the inter-cell mobility failure rate, where the rate is defined with formula (RLF+HOF)/(RLF+HOF+HO) * 100 [%]. We observe that further enhanced scaling N=1 improves the mobility robustness when DRX > 80 ms, i.e., no failure is seen with DRX=80 ms setting while failure rate for Opposite direction significantly drops from 65% to below 10% with DRX=160.
[image: ][image: ]
[bookmark: _Ref118715252]Figure 3 Mobility failure rate in Uni-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)

Figure 4 shows time-of-outage rate results. Time-of-outage is detected mainly when SINR drops below -8 dB or handover is executed. Also, re-connection or re-establishment time after RLF is calculated as outage. We observe that the outage time is significantly reduced for longer DRX cases (DRX > 40 ms) in Opposite direction, i.e., outage time is reduced from 35% to 5% with DRX=160 ms setting.
[image: ][image: ]
[bookmark: _Ref118715208]Figure 4 Time-of-outage in Uni-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)

The above results suggest that mobility performance with longer DRX up to 80ms can become more reliable with further enhanced setting with N=1 in Uni-direction Scenario A.

Uni-directional Scenario B
This section shows system-level mobility performance results with further enhanced scaling N=3 in uni-directional Scenario-B for both cases when train is traveling into ‘same’ direction and ‘opposite’ direction w.r.t. serving beam orientation. Both beam settings, i.e., 1 and 2 beams per RRH, are included in this section. Only non-DPS/non-SFN transmission scheme is considered. In addition to the new simulation result with scaling factor N=3, previous results with enhanced scaling factor N=6 (reported in TR [3]) are also provided for comparison purposes.
Figure 5 and Figure 6 show the successful handover rate per CPE per second and the ping-pong handover rates, respectively. There is no significant change in handover rate when the scaling factor is reduced, except a slight increase with the setting of 2 beams per RRHs. Ping-pong rate increases when smaller scaling factor is used, which is seen more significant for 2 beams per RRHs setting.
[image: ][image: ]
[bookmark: _Ref118719430]Figure 5 Handover rate in Uni-directional Scenario B without DPS (left: scaling factor N=6, right: scaling factor N=3)
[image: ][image: ]
[bookmark: _Ref118720223]Figure 6 Ping-pong rate in Uni-directional Scenario B without DPS (left: scaling factor N=6, right: scaling factor N=3)

Figure 7 and Figure 8 show the inter-cell mobility failure rate and time-of-outage rate, respectively. We first note that the mobility performance in Uni-direction scenario B with enhanced scaling N=6 is already good for all considered DRX settings, except a small failure rate with DRX=160ms when 2 beams per RRHs are used. With the further enhanced scaling N=3, we observed that the challenge with the longest DRX setting (160ms) is resolved, as no failure rate is seen while outage time is as small as in the other settings.
[image: ][image: ]
[bookmark: _Ref118720243]Figure 7 Mobility failure rate in Uni-directional Scenario B without DPS (left: scaling factor N=6, right: scaling factor N=3)
[image: ][image: ]
[bookmark: _Ref118720233]Figure 8 Time-of-outage in Uni-directional Scenario B without DPS (left: scaling factor N=6, right: scaling factor N=3)

The above results suggest that further enhanced setting with N=3 in Uni-direction Scenario B can further improve the reliability of mobility performance in the longest DRX=160ms setting with 2 beams per RRHs.

Bi-directional Scenario A
This section demonstrates system-level mobility performance simulation results with further enhanced scaling N=1 for bi-directional Scenario-A without DPS/SFN. For bi-directional deployment, in particular, we show here the results with both multi-panel assumption 1 (MPUEAssumption:as1) and 3 (MPUEAssumption:as3). With assumption 1, measurement is performed for only one panel at a time and with assumption 3 simultaneous measurement is performed for both panels at the same time. In addition to the new simulation result with scaling factor N=1, previous results with enhanced scaling factor N=2 (reported in [3]) are also included for comparison purposes.
Figure 9 shows the successful handover rate per CPE per second. We observe that by using the further enhanced factor N=1 the handover rate in general increases for all DRX settings, and the increase rate is seen higher for assumption 1. On the other hand, the ping-pong rate, which is plotted in Figure 10, shows a more significant increase for both assumptions in the DRX settings shorter than 160ms. For long DRX, the further enhanced scaling factor does not alter much the ping-pong rate. 
[image: ][image: ]
[bookmark: _Ref118720251]Figure 9 Handover rate in Bi-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)
[image: ][image: ]
[bookmark: _Ref118720257]Figure 10 Ping-pong rate in Bi-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)

Figure 11 shows the inter-cell mobility failure. It was noticed earlier that the scaling factor N=2 is beneficial to reduce the failure rate for Scenario A bi-directional, especially for assumption 3 (simultaneous measurement) [3]. With the further enhanced scaling factor N=1, we observed further decrease in the failure rate for both assumptions 1 and 3, especially for long DRX settings. In particular, failure rate decreases roughly 50% for activated DRX settings with assumption 1, while there is no failure is seen for DRX=80ms and 1% of failure rate for DRX=160ms with assumption 3. 
[image: ][image: ]
[bookmark: _Ref118720599]Figure 11 Mobility failure in Bi-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)

Figure 12 shows the time-of-outage results. We observe that the outage time is reduced in general for both assumptions. Furthermore, the further enhanced scaling factor N=1 significantly decreases the outage in the longest DRX setting for assumption 3. 
[image: ][image: ]
[bookmark: _Ref118720263]Figure 12 Time-of-outage in Bi-directional Scenario A without DPS (left: scaling factor N=2, right: scaling factor N=1)
From the above results, we can see that the simultaneous L3 measurement (assumption 3), which already showed good mobility performance in bi-directional Scenario-A with enhance scaling N=2, can even be more beneficial with further reduced scaling factor N=1. Specifically, the mobility becomes more reliable with longer DRX setting, i.e., failure rate is minor for DRX>80 ms while outage time is reduced to comparable level with non-DRX setting. This suggests that even 160ms DRX might be used with scaling factor N=1.

Bi-directional Scenario B
This section shows system level mobility performance simulation results with further enhanced scaling N=3 for bi-directional Scenario-B without DPS. We also show here the results with both multi-panel assumption 1 (MPUEAssumption:as1) and 3 (MPUEAssumption:as3). In addition to the new simulation result with scaling factor N=3, previous results with enhanced scaling factor N=6 (reported in TR [3]) are also included for comparison purposes. Note that only beam setting with 2 beams per RRH is considered as this setting is more challenging from the mobility performance point of view.
Figure 13 shows the successful handover rate per CPE per second. With further enhanced scaling factor N=3, we observed that the handover rate increases for non-DRX and short DRX setting (i.e., DRX<80ms), and the change is seen higher for assumption 1. The handover rate does not seem to change much for longer DRX with both assumptions 1 and 3. Similar behavior can be observed for the ping-pong rate shown in Figure 14 as a significant increase is seen for DRX<80ms with both assumptions while only a slightly change occurs at the longer DRXs.
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[bookmark: _Ref118732908][bookmark: _Ref118732902]Figure 13 Handover rate in Bi-directional Scenario B without DPS, 2 beams per RRHs (left: scaling factor N=6, right: scaling factor N=3)
[image: ][image: ]
[bookmark: _Ref118732912]Figure 14 Ping-pong rate in Bi-directional Scenario B without DPS, 2 beams per RRHs (left: scaling factor N=6, right: scaling factor N=3)
Figure 15 shows the inter-cell mobility failure rates. The further enhanced scaling N=3 obviously improves the reliability of mobility performance with long DRX setting, i.e., failure rate drops from more than 7% to nearly zero with longest DRX setting 160 ms. 
[image: ][image: ]
[bookmark: _Ref118733569]Figure 15 Mobility failure in Bi-directional Scenario B without DPS, 2 beams per RRHs (left: scaling factor N=6, right: scaling factor N=3)

In terms of time-of-outage performance shown in Figure 16,  a noticeable improvement with the further enhanced scaling N=3 can only be observed with assumption 1 in long DRX 160 ms, while there is not much performance change with assumption 3 for all DRX settings.
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[bookmark: _Ref118733939]Figure 16 Time-of-outage in Bi-directional Scenario B without DPS, 2 beams per RRHs (left: scaling factor N=6, right: scaling factor N=3)

We can note that the mobility performance in Bi-direction Scenario B without DPS is already good with enhanced scaling N=6 [3] for DRX = 160 ms. From the above results, we can see that the further enhanced scaling N=3 can make the mobility more reliable even for DRX = 160 ms as it significantly reduces the mobility failures and the time of outage.

General discussion on the simulation results 
Following the above analysis, we can make a number of observations. Note that when using ‘further enhanced scaling factors’ we refer to factor N=1 in Scenario-A, and N=3 in Scenario-B, while ‘enhanced scaling factors’ means the values used in Rel-17 HST FR, i.e., N=2 in Scenario-A, and N=6 in Scenario-B.
[bookmark: _Ref118736114][bookmark: _Toc118737077][bookmark: _Toc118746360]Further enhanced scaling factors can improve the reliability of mobility performances in uni-directional Scenario A and B with long DRX settings compared to Rel-17 enhanced scaling factors, i.e., mobility failure is below 10% in worst case (opposite direction in unidirectional Scenario A deployment with 160ms DRX) while being near zero percentages with most of the scenarios.
[bookmark: _Toc116981540][bookmark: _Toc116982823][bookmark: _Toc116982858][bookmark: _Toc116982881][bookmark: _Toc116994712][bookmark: _Toc116994825][bookmark: _Toc116994897][bookmark: _Toc116994911][bookmark: _Toc116995100][bookmark: _Toc116995143][bookmark: _Toc116995899][bookmark: _Toc116995924][bookmark: _Toc116995945][bookmark: _Toc116996064][bookmark: _Toc116996085][bookmark: _Toc116996090][bookmark: _Toc116996133][bookmark: _Toc116996433][bookmark: _Toc116996754][bookmark: _Toc116997067][bookmark: _Ref118736572][bookmark: _Toc118737078][bookmark: _Toc118746361]Simultaneous L3 measurement in bi-directional Scenario A and B deployments is beneficial when further enhanced scaling factors are configured, as 80ms DRX become reliable while 160ms DRX might usable as well.
As mentioned earlier, from the mobility performance point of view, simultaneous two-panel measurement and reception could be seen as two independent panels operating simultaneously in uni-directional deployment, but with the measurement periods scaled by half. On the other hand, simultaneous two-panel measurement and reception should have a smaller number of handovers, ping-pong rates and thus outage time and mobility failure compared to only simultaneous measurement in bi-directional deployment as the handover is taken into account the connection from both panels. From Observation 1 and Observation 2, we would expect potential gains in mobility performance with simultaneous two-panel measurement and reception.
[bookmark: _Toc118737079][bookmark: _Toc118746362]Gains in mobility performance with simultaneous two-panel measurement and reception can be expected in HST FR2 deployments.


[bookmark: _Toc116995848]Conclusion
In this paper we provide a new sets of system-level mobility performance simulation results with further enhanced Rx beam sweeping factors, i.e., N=1 in Scenario-A, and N=3 in Scenario-B, in various deployment scenarios. The results provide some insights to the potential gains that could be achieved with simultaneous two-panel measurements and reception.
In the paper, the following Observations and Proposals were made:
Observation 1: Further enhanced scaling factors can improve the reliability of mobility performances in uni-directional Scenario A and B with long DRX settings compared to Rel-17 enhanced scaling factors, i.e., mobility failure is below 10% in worst case (opposite direction in unidirectional Scenario A deployment with 160ms DRX) while being near zero percentages with most of the scenarios.
Observation 2: Simultaneous L3 measurement in bi-directional Scenario A and B deployments is beneficial when further enhanced scaling factors are configured, as 80ms DRX become reliable while 160ms DRX might usable as well.
Observation 3: Gains in mobility performance with simultaneous two-panel measurement and reception can be expected in HST FR2 deployments.
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