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[bookmark: _Toc116995841]Introduction
Reference tunnel deployment is one of the study objectives of the NR_HST_FR2_Enh WI [1] 
	· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]



The recent RAN4#105 has agreed on general assumption and key parameters for tunnel deployment as follows [2]: 
	1. General assumption for tunnel deployment
Agreement:
· For tunnel deployment scenario
· Scenario #1: single-panel reception UE and DPS transmission scheme 
· FFS whether to consider additional scenarios 
1 Key parameters for tunnel deployment
Agreement:
Consider the key parameters below as baseline assumption for tunnel deployment feasibility study:
· Ds: the distance separation between two neighboring RRH sites:
· Ds = 700m 
· Dmin: the minimum distance between RRH site and train track:
· Dmin = 1m
· DRRH_height: determined/limited by tunnel height and RRH deployment method:
· Priority scenario: DRRH_height = 5.3m, for single track tunnel (Option 1 for tunnel dimension in R4-2217254)
· DRRH_height is in the range of [5.3m, 7.4m] for two-track tunnel (Option 2 for tunnel dimension in R4-2217254)
· gNB RRH and antenna panel element assumption:
· from 1 to 4 RRHs per BBU



In this paper, we provide an update to the system simulation results reported in [4] following the newly agreed parameters above. Below, we focus on the single-track tunnel scenario which is the priority option for further study. In addition, we propose a way to perform a simulation study to see the impact of NLoS area under RRHs on the mobility performance in the tunnel scenario.

[bookmark: _Toc116995842]Discussion
We have performed dynamic system level simulations with tunnel deployment using the following key deployment parameter values 
· Dmin = 1, DRRH_height = 5.3 m, DUE_height = 5 m, Ds = 700 m,
These values replace those have been used in the studies in [4] to create tunnel setting for RRHs and UEs. We consider the uni-directional deployment scenario and follow the RRM enhanced settings in Table 6.3.4.1.2-1 and general settings in Table 6.3.8.1-1 from [1]. Both train movement directions have been considered, “Same” meaning train traveling to the same direction as the RRH antennas and beams are pointing to, and “Opp” meaning train traveling to opposite direction from the RRH antenna and beam orientation. We show results without DRX (DRX 0) and with DRX cycles 40, 80 and 160 ms.
[bookmark: _Hlk127523424]Both non-DPS (HO-based) and DPS (L1-based) schemes are simulated in this contribution. Different to [4], we only considered UMi street canyon channel model [6] for path loss model since it was observed in [4] that there is a slight difference in mobility performance in RMa and UMi street canyon channel as observed, while the path loss exponent and fading characteristic (e.g. scattering) in UMi street canyon is somewhat more close to what should be in the tunnel scenario. For comparison purposes, the previous results in [4] (Scenario-1 with Dmin = 0, DRRH_height = 7.4 m) will be shown beside the updated results with newly agreed parameters.
We also highlight the fact that the new parameters with lower DRRH_height make the source-RRH RSRP dropped sharper when the train is approaching the RRH in “Opp” direction as shown below. As can be seen, source-RRH RSRP with DRRH_height = 7.4 m starts dropping sharply at 12 meters ahead the RRH and side-lobe of serving beam is still visible. Whereas source-RRH RSRP with DRRH_height = 5.3 m suddenly drops when the train is 5 meters ahead the RRH, and side-lobe 
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[bookmark: _Ref127541808]Figure 1 RSRP trace at the RRH coverage edge in HST FR2 tunnel deployment. (left: with DRRH_height = 7.4 m [4], right: with new DRRH_height = 5.3 m)

[bookmark: _Toc127533348][bookmark: _Toc127551535]Lower DRRH_height  in the updated results makes the source-RRH RSPR drop even sharper when the train is approaching the RRH in “Opposite” direction.

Results without DPS (L3 mobility)
Figure 2 shows beam handover rate per CPE per second in non-DPS scenario (i.e., 1 RRH per BBU). The new tunnel deployment parameters yield a relatively similar values in every setting of DRX and train travelling direction compared to the results in [4], and thus shows the same behavior, i.e., “Same” direction has higher handover rate than the “Opp” direction and highest handover rate occurs without DRX.
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[bookmark: _Ref127447646][bookmark: _Hlk127523270]Figure 2 Handover rate in non-DPS scenario (left: Scenario-1 in [4], right: newly agreed parameters)[image: ]    [image: ]
[bookmark: _Hlk118713035]Figure 7Figure 3 shows ping-pong handover rates, where handover is defined as ping-pong if it happens back-and-forth between the two same base stations within 1 second. We observed difference in ping-pong handover rates given by the new parameters and the old ones used in [4], and the trend between “Same” and “Opp” is more clear than what seen in [4], i.e., “Same” has higher ping-pong rate than “Opp” as expected.
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[bookmark: _Ref127447772]Figure 3 Ping-pong rate in non-DPS scenario (left: Scenario-1 in [4], right: newly agreed parameters) 
[bookmark: _Hlk118715272]Figure 4 shows inter-cell mobility failure rate, where the rate is defined with formula (RLF+HOF)/(RLF+HOF+HO) * 100 [%]. The failure rates given by the new parameter set are similar to that achieved by the old parameter used in [4]. 
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[bookmark: _Ref127447812]Figure 4 Mobility failure rate in non-DPS scenario (left: Scenario-1 in [4], right: newly agreed parameters)
[bookmark: _Hlk118715769][bookmark: _Hlk118715795]Figure 5 shows time-of-outage rate for all the simulated non-DPS cases. 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. A slight difference time-of-outage can be seen between the results of the old and new parameters, but it can be neglectable in general 
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[bookmark: _Ref127447837]Figure 5 Time-of-outage in non-DPS (left: Scenario-1 in [4], right: newly agreed parameters)
In general, the newly agreed deployment parameters give relatively same performance with what have previously been used in the simulation [4]. Therefore, observation made in [4] can be applied here.

Results with DPS (L1 mobility)
Figure 6 shows beam switch rate per CPE per second in DPS scenario. We observe similar result behavior as seen in [4], i.e., only a very minor difference between beam switches rate of “Same” and “Opposite” directions, and beam switch rate gets lower with longer DRX cycles, though the biggest jump in one parameter step is between non-DRX and DRX 40 ms. 
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[bookmark: _Ref118476740]Figure 6 Beam switch rate in DPS scenario (left: Scenario-1 in [4], right: newly agreed parameters)
Figure 7 shows beam ping-pong rates, where beam switch is defined as ping-pong if it happens back-and-forth between the two same beams within 1 second. Note that the ping-pongs in DPS scenario only happens between RRHs since there is only one beam per RRH. We can also observe that the beam ping-pong rate is slightly lower when the new parameter set is applied.
[bookmark: _Ref118476752][image: ]    [image: ]
[bookmark: _Ref127518423]Figure 7 Beam ping-pong rate in DPS scenario (left: Scenario-1 in [4], right: newly agreed parameters)
Figure 8 shows beam failure indication rates per beam switches. Compared between the result in [4], beam failure indication rates for Opposite direction is seen higher with new parameter in general, and the difference is more significant for small DRX. The observation may be explained by the impact of comparable value of DRRH_height and DUE_height which causes the RSRP level dropped even sharper when the train approaching the serving RRH.
[bookmark: _Ref118476765][image: ]    [image: ]
[bookmark: _Ref127447853]Figure 8 Beam failure indication rate in DPS scenario (left: Scenario-1 in [4], right: newly agreed parameters)[image: ]    [image: ]
Figure 9 shows time-of-outage rate for all the simulated DPS cases. Again, we observed similar result with that in [4]. It is noted that the time-of-outage for Opposite direction in the new setting is slightly higher than that seen with old parameter, which may be linked to the sharper drop in RSPR when smaller DRRH_height is used.
[bookmark: _Ref118476781][image: ]    [image: ]
[bookmark: _Hlk127540880]Figure 9 Time-of-outage in DPS (left: Scenario-1 in [4], right: newly agreed parameters)
In general, we observe the following through the mobility performance indicators shown above
[bookmark: _Toc127537511][bookmark: _Toc127533349][bookmark: _Ref123653997][bookmark: _Toc127551536]The newly agreed key deployment parameters do not substantially change observations on mobility performance in tunnel deployment made before in R4-2219713, that are:
0. [bookmark: _Toc127551537]Mobility robustness is low in all scenarios even without DRX when train is moving to opposite direction than RRH beams are pointing to.
0. [bookmark: _Toc127551538]DPS scenario has better mobility performance with lower outage compared to scenario which is based on only handovers.
[bookmark: _Toc127540892][bookmark: _Toc127541023][bookmark: _Toc127541422][bookmark: _Toc127541481][bookmark: _Toc127543106][bookmark: _Toc127544417]
Results with NLoS setting under RRHs
WF [2] lists several options for reference channel model in tunnel as follows:
	2 Reference channel model for tunnel scenario
Way forward:
Further analyse the channel model for tunnel scenario:
· Option 1: Re-use channel model from Scenario-A as LoS propagation assumption is valid in the tunnel deployment with pathloss model, fading model and link budget the same as Scenario-A (LoS)
· Option 2: Use LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment
· Option 3: Use multi-path fading model (e.g., with up to 2nd order multi-path components)
· Take int account measurement and ray-tracing analysis. 
· Option 4: Consider NLOS propagation condition when UE is around the RRH within 50m range for two directions.
Other options are not precluded 



We are interested in looking into Option 4 and aim at setting up the NLoS condition under RRHs in order to study the impact of such channel condition on the mobility performance in tunnel. This could be done by adjusting the LoS probability in [6] to be relevant with the assumed LoS propagation in the tunnel, i.e.,

The distance threshold  is opted according to the antenna configuration of the RRH in [5], DRRH_height and DUE_height as following. Assume that NLoS region is from RRH coordination up to the point at which level of main lobe decreases > 15dB. This point roughly corresponds to α degrees from the boresight angle. We have that  where  is distance from RRH that under NLoS region. Then . 


[image: ]

In this way, the pathloss under the RRHs, when train is within  distance from the RRH, follows NLoS setting, e.g., if UMi path loss model is used, then NLoS path loss is also calculated following PLUMi-NLoS in [6].
In this way, we could expect to better evaluate the benefit of considering NLoS condition under RRHs, if such condition exists. The results will be provided additionally, if available, during RAN4#106 meeting.
[bookmark: _Toc127532700][bookmark: _Toc127532851][bookmark: _Toc127551539]NLoS condition under RRHs can be studied with simulations by adjusting the LoS probability parameter in TR38.901 such that  if distance between the CPE and RRH below a threshold. Nevertheless, there is still a need for more accurate path loss and multi-path fading models in tunnel scenario if one wants to reliably evaluate by simulations the impact of NLoS condition under RRHs to the mobility performance.

[bookmark: _Toc127533352][bookmark: _Toc127533353][bookmark: _Toc127533354][bookmark: _Toc127533355][bookmark: _Toc127533356][bookmark: _Toc127533357][bookmark: _Toc127533358][bookmark: _Toc127533359][bookmark: _Toc127533360][bookmark: _Toc127533361][bookmark: _Toc127533362][bookmark: _Toc127533363][bookmark: _Toc127533364][bookmark: _Toc116995848]Conclusion
In this paper we provide an update to the system simulation result using the newly agreed deployment parameters and assumptions in [2].
Based on the simulation results, the following Observations were made:
Observation 1: Lower DRRH_height  in the updated results makes the source-RRH RSPR drop even sharper when the train is approaching the RRH in “Opposite” direction.
Observation 2: The newly agreed key deployment parameters do not substantially change observations on mobility performance in tunnel deployment made before in R4-2219713, that are:
a.	Mobility robustness is low in all scenarios even without DRX when train is moving to opposite direction than RRH beams are pointing to.
b.	DPS scenario has better mobility performance with lower outage compared to scenario which is based on only handovers.
Observation 3: NLoS condition under RRHs can be studied with simulations by adjusting the LoS probability parameter in TR38.901 such that  if distance between the CPE and RRH below a threshold. Nevertheless, there is still a need for more accurate path loss and multi-path fading models in tunnel scenario if one wants to reliably evaluate by simulations the impact of NLoS condition under RRHs to the mobility performance.
[bookmark: _Toc116995849]
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