[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #104bis-e	R4-2215552
Electronic Meeting, October 10 – October 19, 2022

Source:	Nokia, Nokia Shanghai Bell
Title:	On Tunnel Deployment and UL Timing Adjustment in HST FR2 Enhanced
Agenda item:	6.12.4
Document for:	Discussion

Introduction
A new HST FR2 Enhanced (NR_HST_FR2_enh) WI in Rel-18 starts at RAN4#104bis-e meeting.
In this paper, we focus on the initial analysis of the following objectives of the Core Part of the WI [1]:
	· Study on reference tunnel deployment scenario for FR2 HST and specify the channel model and corresponding core requirements if any [RAN4]
· Specify UL timing adjustment solution, including explicit NW signalling assistance, for FR2 HST scenario with large UL/DL propagation delay difference from different RRHs/TRPs to UE [RAN4, RAN2].
· Note: RAN1/RAN2 work can be triggered by RAN4 LS.



Analysis of the other HST FR2 Enhanced RRM impacts and a general table for specification impact tracking are presented in our accompanying paper [3].


Discussion
Tunnel deployment
Reference tunnel deployment scenario
Different to open space deployments, i.e., Scenario-A (Dmin = 10m) and Scenario-B (Dmin = 150m) discussed in HST FR2 Rel-17, the tunnel deployment scenario is limited by the shape, size and length of a tunnel. Thus, while physical parameters related to the train, i.e., DUE_height can be kept unchanged, those related to RRH deployments (Figure 1), i.e., DRRH_height and Dmin, and, probably, Ds need to be redefined.



[bookmark: _Ref115286849]Figure 1: Main paramters for HST FR2 open-space deployments used in Rel-17.

DRRH_height and Dmin are mainly dependent on the shape and dimensions (e.g., width and height) of the tunnel. Additionally, the deployment of RRH antenna panels needs to ensure that UEs are in the far-field region.
We can assume that the same antenna panel configurations as in HST FR2 Rel-17 will be also used in Rel-18 [2]. RRH antenna panel has 8x8x2 cross polarization antenna elements. Assuming 0.5λ element spacing and transmission at 28GHz, the far field distance is roughly 0.32m which defines the minimum distance from RRH antenna panel to the UE antenna panel.
In general, RRH can be placed either at the wall or the ceiling of the tunnel. Note that real tunnel can be built with different shapes and sizes. The typical shapes of the cross section are rectangular, arch, semicircular to name a few. The height of the tunnel could vary, e.g., from 5 to 10 meters. Thus, for a common reference deployment model which is relevant to different tunnels’ shape, the RRH could be installed at the center on ceiling of the tunnel. The tunnel height could be assumed to be 8 meters, i.e., we propose Dmin = 0 and DRRH_height = 8 m. The minimum distance between RRH and MPUE is 3m which satisfies the far field distance.
The distance between two RRHs, i.e., Ds, may need to be reconsidered as well. This parameter depends on the length and the route shape of the tunnel as Ds and the number of RRHs should ensure the LoS coverage at any UE position along the track inside the tunnel. Note that the length of a real tunnel could be any, ranging from a few hundreds to a few thousands meters, thus it may not be practically feasible to define Ds based on specific tunnel length. On the other hand, the route shape of a tunnel can be either curved or straight. For the straight tunnel scenario, the path loss of the propagation should be similar to the open space deployments, thus introducing a shorter Ds (i.e, < 700 meters) should not bring any benefits. For the curved tunnel, if we assume the maximum train speed to be 350 km/h, the track curvature is not sharp and 1 TX/RX may provide sufficient coverage for curves with 700m Ds, per Observation 4 in [4]. Ds could be shortened for the curved tunnel deployment but it should require a proper calculation based on the real width dimension of tunnel. Thus, for simplicity, we could consider straight tunnel model as the starting point and keep Ds=700 as in the open-space deployments. However, a smaller Ds values can be considered as well. For example, HST FR1 tunnel channel model defined in TS 38.104 assumes inter-RRH distance of 300 m.
In tunnel scenario, DUE_height can be kept unchanged. DRRH_height and Dmin is limited by tunnel’s shape and dimensions (i.e., width and height), and Ds is dependent of the route shape (i.e., curved or straight), length of the tunnel. 
Common reference model for tunnel scenario should be general but relevant for different shape and dimensions of real tunnels. Similar to open-space considerations, the straight tunnel scenario could be considered as the starting point.
For a common reference tunnel modelling in HST FR2 deployment parameters Dmin = 0 m, DRRH_height = 8 m, Ds = 700 m can be used.

Reference tunnel channel model
Below, we focus on the analysis of the channel condition inside the tunnel. Propagation conditions when the train is passing the tunnel’s entrance/exit (diffraction effects) may be different from the conditions inside the tunnel. However, their impact is very limited in time, and we expect them to have a minor impact on mobility and performance.
Since there are no obstacles inside the tunnel, LoS assumption for channel condition should be still valid, especially when antenna array and beamforming are used for the transmission/reception in FR2 bands. This was confirmed in several channel measurement campaigns in tunnel condition conducted in FR2, e.g., in [5], which reported that LoS component is always dominant in the received energy. However, significantly strong reflection paths can be also observed, and the impact of the multipath effects is higher due to a higher number the stronger reflection paths causing longer RMS delay spread, compared to urban and rural channel conditions. This implies that the single tap channel model assumed in Rel-17 HST FR2 [2] may no longer be sufficiently accurate. Nevertheless, since there is still dominant LoS component, the RMa channel model in [2] could still be used from RRM mobility performance evaluation. For demodulation studies, which requires a more accurate channel model, the multi-tap fading model, e.g., TDL-D or TDL-E, could be adopted as the starting point.
On the other hand, path loss for the propagation in tunnel was also studied [5],[6], where the exponential pathloss model is commonly use, i.e.,  PL [dB] = , where  is an offset in dB depending on frequency and free space path loss,   is the slope or so-called path loss exponent, d is distance between transmitter and receiver, and  is the variation due to shadowing effect. It was estimated that the value of   for the propagation in tunnel is smaller than 2 which is explained by the impact of waveguiding effect with more reflection and scattering [6]. The reported path loss model shows relatively similar behavior with LoS UMa and LoS UMi street canyon. Considering a feasible tunnel deployment discussed above, the LoS UMI street canyon model may be a better choice as it is more suitable for limited height of RRHs. 
LoS propagation assumption is valid in the tunnel deployment. However, different to open space conditions, the multipath effect may show stronger impact on the characteristic of the tunnel channel due to waveguiding effect with more reflection and scattering. Therefore, single-tap LoS propagation conditions assumed in Rel-17 HST FR2 may not be accurate enough.
RAN 4 to consider LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment.
RAN4 to consider using multi-path fading channel model with strong LoS component for the performance evaluation of HST FR2 tunnel deployment.

Mobility performance in tunnel scenario
We have performed initial dynamic system level simulations with tunnel deployment using uni-directional RRHs. In the first phase we have adapted Scenario-A from Rel-17 [2] studies by switching RRH positions into tunnel settings. We follow the enhanced settings in Table 6.3.4.1.2-1 and general settings in Table 6.3.8.1-1 from [2]. RRHs are located on the tunnel roof at the height of 8 meters from ground and directly on top of the train (Dmin = 0, DRRH_height = 8 m, Ds = 700 m). RRH antenna panel is directed towards the train roof at one ISD (700 meters) away from the RRH location so down-tilt of the antenna is only 0.246 degrees. In the initial simulations, we have used the same channel and propagation models as in Scenario-A so specific tunnel characteristics are not applied. We have simulated both non-DPS (HO-based) and DPS (L1-based) scenarios. 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 “Opposite” meaning train traveling to opposite direction from the RRH antenna and beam orientation shown in Figure 2.



[bookmark: _Ref115425815]Figure 2: Deployment options and train travelling directions in tunnel deployment.

Figure 3 shows RSRP trace from two RRHs, source and target. Source RRH is located at x-coordinate 8050 and target RRH at 8750. Train is traveling towards east and the RRHs are pointing towards west. We observe that until x~=8035 source RRH is over 10 dB stronger than the target RRH. Then, as the train approaches source RRH location RSRP starts to vary between beam sidelobes quickly and directly under the RRH RSRP level drops in just a few meters of movement over 100 dBs. Target RRH RSRP level is rather stable throughout the time when source RRH RSRP level varies and drops quickly.
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[bookmark: _Ref115432092]Figure 3 RSRP trace at the RRH coverage edge in HST FR2 tunnel deployment.
Figure 4 shows propagation map around the source RRH location not considering the physical features of the tunnel.  Only the source RRH is considered in the pathgain + antenna gain + beam gain of the map. We observed that there is very strong signal level along the track until the RRH location and with the backlobe suppressed signal level drops to unusable level right after the RRH if train is moving towards east and RRH antenna is pointed towards west.
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Figure 4 Propagation map of RRH deployed directly above the track in 8 meters height (specific tunnel conditions are not considered).
Figure 5 shows handover rate per CPE per second in both Same and Opposite directions in non-DPS scenario without DRX and with DRX cycles 40, 80 and 160 ms. Handover is needed to switch between two RRH sites in non-DPS scenario. We observe that handover rate is very low in Opposite direction compared to Same direction. As expected, also DRX cycle influences the handover rates. The handover rate drops about 25% from DRX disabled case to DRX cycle of 40 ms. The handover rate difference is smaller among DRX cycles of 40, 80 and 160 ms. Figure 6 shows the ping-pong handover rate in the same scenarios. Handover is defined as ping-pong if it happens back-and-forth between the two same base stations within 1 second. Ping-pongs happen mainly in case without DRX and with DRX cycle 40 ms. There is no significant difference between the relative ping-pong rate among the movement directions.
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[bookmark: _Ref115427725]Figure 5 Handover rate in non-DPS scenario
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[bookmark: _Ref115427742]Figure 6 Ping-pong handover rate in non-DPS scenario
Figure 7 shows inter-cell mobility failure rate which considers both radio link failures and handover failures in non-DPS scenario. We observe that there are no failures in the Same movement direction, but in the Opposite direction the failure rates are extremely high. The reason for the problems in Opposite direction is visible from Figure 3 and the related analysis. Time-of-outage rates in Figure 8 reflect the mobility failures as the rate is very significantly higher in Opposite direction. Time-of-outage is detected mainly when SINR drops below -8 dB or handover is executed. In the Same direction only handover execution time cause minor time-of-outage.
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[bookmark: _Ref115431849]Figure 7 Mobility failure rate in non-DPS scenario
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[bookmark: _Ref115431860]Figure 8 Time-of-outage in non-DPS scenario
Figure 9 shows beam switch rate per CPE per second in scenario with DPS. Compared to handover rates in non-DPS scenario the beam switches here are more equal between the movement directions. Also ping-pong rates are rather equal in Figure 10. This reflects the lower execution time of beam switch between RRHs than the handover between two different cells. 
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[bookmark: _Ref115431956]Figure 9 Beam switch rate in DPS scenario
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[bookmark: _Ref115431966]Figure 10 Beam ping-pong rate in DPS scenario
Figure 11 shows beam failure indication rate compared to the successful beam switches in DPS scenario. Although the beam failure indication rate in DPS scenario is much lower than inter-cell mobility failure rate in non-DPS scenario, we observe challenges in the Opposite direction even without DRX. Figure 12 shows time-of-outage rates that are much higher in the Opposite direction. Longer DRX increases the outage rate significantly, but the absolute level is much lower in DPS scenario than in non-DPS scenario.
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[bookmark: _Ref115432113]Figure 11 Beam failure indication rate in DPS scenario
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[bookmark: _Ref115432122]Figure 12 Time-of-outage in DPS scenario

The analysis above carried out for the uni-directional deployments only. However, the similar issue is expected in the bi-directional deployments as well (see Figure 2) because one of the panels will always move in the opposite direction to the serving beam orientation.

Mobility is much more challenging in tunnel deployment. One of the reasons is the fast decay of received signal strength at the edge of the RRH beam coverage when the train is travelling in the direction opposite to the serving beam orientation. This effect can be observed with HO-based and L1-based mobility, both in uni-directional and bi-directional tunnel deployments.

RAN4 to discuss the mobility issue when the train is travelling in the direction opposite to the serving beam orientation, especially, in the case when RRH are close to the track, i.e., in tunnel deployments.


UL timing
Following the latest WF from the RAN4#104-e meeting, there are still open issues left in HST FR2 Rel-17 requirements on UL timing [5]. The open issues are related to the definition of large one-step UL timing adjustment procedure and UL timing requirement when large one-step mechanism is disabled. Therefore, these issues need to be discussed still in terms of Rel-17 HST FR2 WI before the discussion opens in HST FR2 Enhanced in Rel-18.
From the continued Rel-17 discussion related to inter-RRH switch and one-shot UL timing adjustment it is clear that the current solution may work although UE performance is unclear.
On the other hand, some of the UL transmit timing discussions were precluded in Rel-17 due to the lack of time and limited possibility to involve other 3GPP RAN WGs. For example, at RAN4#102-e it was agreed not to introduce network assistance (NWA) signaling in Rel-17 [6]:
	Issue 1-1-1: Lightweight network assistance signaling

GtW Agreement:
· Agreements
· Inter-RRH indication
· Do not introduce explicit inter-RRH indication signalling for NR FR2 HST in Rel-17
· FR2 HST Inter-RRH indication signalling enancements can be considered in Rel-18 subject to RAN plenary decision



However, before that, the possibility to introduce network assistance signaling that could enhance UL timing adjustment procedures at TCI state switch was discussed for the several meetings. At RAN4#101-bis-e the companies were leaning towards the introduction of lightweight network assistance signaling and the following options were discussed [7]:
	[bookmark: _Hlk93524637]Issue 1-1-4: Lightweight network assistance signaling

Way forward:
Discuss further which NWA signaling is needed:
· Option 1: Enable network assisted signaling of SSB index and order per RRH.
· Option 2: The network assistance signaling of SSB configuration shall not be introduced in Rel-17.
· Option 3: Introduce inter-RRH indication
· Option 4: Other options are not precluded


More information about signaling proposal discussed in HST FR2 Rel-17 can be found in the email-discussion summaries, for example from RAN4#101-bis-e [9], Issue 1-1-4: Signaling of SSB configuration, Issue 1-1-5: Signaling of beam coverage related information.
The discussion also took place in more UL timing specific way, e.g., at RAN4#101-e [9]:
	· The following options can be considered for triggering condition and network assistance 
· Option 1: No condition except DL timing difference: 
· UE will apply one shot large timing adjustment if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 2: TCI switching without network assistance: 
· UE will apply one shot large timing adjustment on TCI switching occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· Option 3: TCI switching with network assistance of indication of inter-RRH and UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasion if UE measurement on DL timing difference is larger than certain threshold. 
· FFS for how to define the threshold 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.
· Option 4: TCI switching with network assistance of indication of inter-RRH but without UE large DL timing change detection
· UE will apply one shot large timing adjustment on TCI switching between RRH occasions 
· FFS for detailed network indication of inter-RRH. One example could be a flag in MAC-CE command came with TCI state switch command, or could be SSB index and order per RRH.



Network assistance signalling for inter-RRH indication was analysed in Rel-17 HST FR2, but further discussions were precluded at RAN4#102-e.

RAN4 to focus, firstly, on the discussion of NW assistance signaling that could help to distinguish intra-RRH and inter-RRH TCI state switch.

Our preference is still the introduction of lightweight signaling, i.e., that is easy to configure from the NW without large maintenance overhead. It is necessary to leverage complexity and potential gains and remove uncertainty related to UE UL transmit timing performance after a beam switch. From this perspective, indication of inter-RRH together with the TCI state switch is a promising solution.
RAN4 to consider an extension of TCI state switch command with a flag indicating inter-/intra-RRH switch.

Another feasible approach could be to re-use some of the exiting or new signaling that is under discussion in the other RAN WGs. For example, in RAN1 there is an ongoing discussion of two TA support in terms of Rel-18 MIMO WI. In particular, it was agreed at RAN1#109-e to support two TA enhancement and two TAGs belonging to the serving cell. There is also an ongoing discussion about associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation.
	Agreement
Support two TA enhancement for both intra-cell and inter-cell multi-DCI multi-TRP scenarios in Rel-18.

Agreement
For multi-DCI based multi-TRP operation with two TAs, support configuring two TAGs belonging to a serving cell.

Agreement
For associating TAGs to target UL channels/signals for multi-DCI based multi-TRP operation, downselect one of the options in RAN1#110bis-e:
· Option 1: Associate TAG to TCI-state/spatial relation
· Option 2: Associate TAG to CORESETPoolIndex
· Option 3: Associate TAG to DL RS group. For a UL transmission, UE adopts the TAG associated with the DL RS group to which the PL RS of the UL transmission belongs.
· Option 4: Associate TAG to target UL channels/RSs directly for semi-static UL channels/RSs (e.g. P CSI PUCCH, P SRS, CG PUSCH), and further discuss how to associate TAG to dynamic UL channels/RSs(e.g. via associating TAG to CORESETPoolIndex additionally, etc.)



There are ongoing Rel-18 MIMO discussions in RAN1 about the two TA enhancement for the UE and about association of TAGs to UL channel/signals. The outcomes might be usable in the HST FR2 context.

Therefore, it would be beneficial to follow these discussions in RAN1 and to clarify in RAN4 what the HST FR2 two-RX-chain UE and NW assumptions are in respect of the support of two TAs.
RAN4 to discuss whether HST FR2 two-RX-chain UE can support two TA enhancement.

Finally, we would like to mention that MAC aspects of UL transmit timing adjustment associated with the inter-RRH TCI state switch were not discussed in RAN4 in Tel-17. However, TS 38.321, Clause 5.2, defines UL time alignment procedures, where timeAlignmentTimer should reflect whether the UE is time aligned in UL with TAG or not. Therefore, if UL timing alignment is temporarily lost due to the large jump in propagation delay at the TCI state switch, MAC entity of the UE might be impacted.

RAN4 to discuss a potential impacts of large jump in propagation delay on UE MAC and timeAlignemntTimer in the case of inter-RRH TCI state switch.


Conclusion
In this paper, we have focused on the analysis of HST FR2 tunnel deployment scenario and discussed some of the new aspects of UL timing adjustment for Rel-18 requirements.
The following observations and proposals were made:
On tunnel deployment:
1. In tunnel scenario, DUE_height can be kept unchanged. DRRH_height and Dmin is limited by tunnel’s shape and dimensions (i.e., width and height), and Ds is dependent of the route shape (i.e., curved or straight), length of the tunnel. 
Common reference model for tunnel scenario should be general but relevant for different shape and dimensions of real tunnels. Similar to open-space considerations, the straight tunnel scenario could be considered as the starting point.
1. For a common reference tunnel modelling in HST FR2 deployment parameters Dmin = 0 m, DRRH_height = 8 m, Ds = 700 m can be used.

LoS propagation assumption is valid in the tunnel deployment. However, different to open space conditions, the multipath effect may show stronger impact on the characteristic of the tunnel channel due to waveguiding effect with more reflection and scattering. Therefore, single-tap LoS propagation conditions assumed in Rel-17 HST FR2 may not be accurate enough.
RAN 4 to consider LoS UMi street canyon channel mode for the RRM evaluations of HST FR2 tunnel deployment.
RAN4 to consider using multi-path fading channel model with strong LoS component for the performance evaluation of HST FR2 tunnel deployment.

Mobility is much more challenging in tunnel deployment. One of the reasons is the fast decay of received signal strength at the edge of the RRH beam coverage when the train is travelling in the direction opposite to the serving beam orientation. This effect can be observed with HO-based and L1-based mobility, both in uni-directional and bi-directional tunnel deployments.
RAN4 to discuss the mobility issue when the train is travelling in the direction opposite to the serving beam orientation, especially, in the case when RRH are close to the track, i.e., in tunnel deployments.

On UL timing adjustment:
From the continued Rel-17 discussion related to inter-RRH switch and one-shot UL timing adjustment it is clear that the current solution may work although UE performance is unclear.
Network assistance signalling for inter-RRH indication was analysed in Rel-17 HST FR2, but further discussions were precluded at RAN4#102-e.

RAN4 to focus, firstly, on the discussion of NW assistance signaling that could help to distinguish intra-RRH and inter-RRH TCI state switch.
RAN4 to consider an extension of TCI state switch command with a flag indicating inter-/intra-RRH switch.
There are ongoing Rel-18 MIMO discussions in RAN1 about the two TA enhancement for the UE and about association of TAGs to UL channel/signals. The outcomes might be usable in the HST FR2 context.
RAN4 to discuss whether HST FR2 two-RX-chain UE can support two TA enhancement.

RAN4 to discuss a potential impacts of large jump in propagation delay on UE MAC and timeAlignemntTimer in the case of inter-RRH TCI state switch.
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