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1 Introduction
[bookmark: _GoBack]In RAN#88e, a new SID: Study on further enhancements for data collection (RP-201304) has been approved. The major objective of this SID is about the following aspect:
· Study high level principles for RAN intelligence enabled by AI, the functional framework (e.g. the AI functionality and the input/output of the component for AI enabled optimization) and identify the benefits of AI enabled NG-RAN through possible use cases e.g. energy saving, load balancing, mobility management, coverage optimization, etc.
It was discussed whether "beam management" is explicitly listed as one of the possible use cases. However, it was removed due to the possible need of RAN1 involvement. Nevertheless, companies have shown their strong interest in AI applications on physical layer. In this contribution, we elaborate a potential application of predictable mobility for beam management in FR2 UE high mobility scenarios, such as high speed train and high way. Some further discussion on AI applications in PHY can be found in our companion contribution [1].
2 Enhancement for predictable mobility
2.1 Technical issues for high mobility in FR2
To keep low implementation cost while still benefit from antenna array, analog beamforming has been widely used for FR2 millimetre-wave communication. For UE mobility, analog beam switching/updating is determined according to beam dwelling time. In general, beam dwelling time depends on multiple factors including UE speed, distance between gNB and UE and beam-width of the gNB beams, and beam dwelling times for high-speed train (HST) (300 km/h, and 500km/h) and high-way (120km/h) with different gNB antenna configurations can be found in Figure 1. It can be observed that the beam dwelling time can be as small as 7ms. 
[image: ]
Figure 1 Beam dwelling time in the scenario of high speed train (300 km/h and 500 km/h) and high way (120 km/h)
With the current beam management procedure including beam measurement, beam reporting and beam indication, it is hard to meet this beam update requirement.
· Regarding beam reporting and beam indication, the corresponding latency is mainly contributed by activating candidate beams from RRC pool (including 3 ms latency for HARQ-ACK procedure and retransmission of PUSCH carrying the activation MAC-CE command) and additional latency due to frequency and time tracking (e.g., waiting for first SSB after activation as required in RAN4). Even if ignoring the latter one, the average latency for both beam reporting and beam indication is about 5 ms; otherwise, the latency can be up to 25 ms with 20ms-periodicity SSB. 
· Regarding beam measurement, in order to track Tx-Rx beam pair quickly in this high mobility scenario, the overhead of aperiodic CSI-RS may be very huge. Provided that we only consider UE horizontal movement, from the perspective of beam alignment, the gNB and UE should track 3 candidate gNB Tx beams (current, left and right) and 3 candidate UE Rx beams (current, left and right), respectively, which means that at least 9 CSI-RS resources should be transmitted for channel measurement in each beam tracking procedure. Meanwhile, it should be noticed that CSI-RS for beam tracking is UE specific. In such case, the RS overhead as a function of periodicity of beam tracking can be found in Figure 2. 
· In general, in order to guarantee transmission performance, the periodicity of beam tracking should be less than the beam dwelling time in the deployment scenario. Considering the beam dwelling time can be as small as 7ms for HST scenario with 500 km/h at the worst case, the period of beam tracking is set to 5 ms, and consequently the RS overhead for number of UEs = 50 and 100 can be up to 80.36% and 160.71%, which means that almost or all resources will be occupied by beam tracking. 
· Even for HST scenario with 300 km/h, the period of beam tracking increases to 10 ms (beam dwelling time is 11.7 ms), RS occupancy for beam tracking is still up to 40.18% and 80.36% for the number of UEs = 50 and 100, respectively. It should be noticed that this still hasn’t considered other RS or control channel overhead, like PDCCH and SSB, herein.
[image: CSIRSoverhead40-5]
Figure 2 UE specific CSI-RS overhead for beam tracking
Observation-1: For FR2 high mobility in HST and high way scenario, UE specific RS overhead for beam tracking is very huge in order to handle very short beam dwelling. 
· For instance, for HST with 300 km/h (beam dwelling time is 11.7 ms), under 10ms beam tracking period, RS occupancy for overall time/frequency resources is up to 40.18% and 80.36% for the number of UEs = 50 and 100, respectively.
To make sure that narrow beams can be used for better coverage and performance in high speed scenarios and save the RS overhead for beam tracking, it is beneficial to use AI on beam prediction for beam management and mobility. Potential standardization impacts include enhancements on beam measurement, beam reporting, beam indication and fall-back approach from predictable mobility to legacy one.
2.2 SLS Evaluation for predictable mobility
In a high-speed train (HST) scenario as shown in Figure 3, the railway with a crossing to be simulated comprises two parts, i.e., a straight line (i.e., P->M) and a curve (i.e., P->N) in order to emulate typical HST deployment. The radius for curve-line is 5500m according to the national regulation “Code for Design of High Speed Railway” in China [2], and inter-RRH distance is 200m. Antenna configuration for each RRH is [M, N, P, Mg, Ng] = [4, 8, 2, 2, 2]. The assumed speed of a UE is 300 km/h, and a total of 50 UE(s) with 3 panels ([M, N, P, Mg, Ng] = [1, 4, 2, 1, 3] as agreed in R17 FeMIMO EVM) are considered as a typical case. 
· Note: Compared with our companion contribution [3], we further consider line rail cases besides for curve one, and some of RRHs are re-located for adapting this combined cases. Therefore, if not highlighting line or curve, it is assumed that the UE travels along with the line and curve railways with each of 50% probability.


Figure 3 Intra-cell mobility in high-speed train (HST) scenario
Then we evaluate SLS performance for predictable beam management based approach compared with traditional beam management as a baseline.
· Regarding predictable beam management based approach, we firstly randomly generate tested drops, and for each drop we emulate gradual change of physical path(s)/cluster(s) while a UE travels across railway, according to spatial consistency model in TS 38.901. 
· From the perspective of inputs for AI model for estimating UE trajectory, time of arrival (ToA), beam ID (corresponding to DL-AoD) and RRH ID can be considered for training deep neural network (DNN) algorithm and subsequent estimation. Then, a time-domain interval between neighboring samples is 200ms, and the predictable Tx-Rx beam pattern is applied to the subsequent period (i.e., 1 second in such simulation), which is shown in Figure 4.
· Furthermore, the proposed predictable method enabled by DNN algorithm is shown in Figure 5. The method comprises two parts: DNN based predictable model for estimating UE trajectory and beam prediction approach that is embedded with UE beam pattern dictionary. The former is to estimate the parameters for determining UE relative beam location, beam transition speed and map ID corresponding to which type of pattern is to be used. In such case, the candidate map includes two rails (straight line and curve) and related UE movement direction. 
· After that, we directly use the output results of gNB and UE Tx-Rx beam pair and corresponding UE Rx panel for performance-evaluated drops which are independently generated from the already tested ones, and there is NO further beam measurement for tracking. Also due to the advanced beam indication, the latency of beam indication is assumed as 0 ms. 


Figure 4 Illustration of measuring neighboring samples for prediction and applying the corresponding beam pattern


Figure 5 DNN based predictable method for beam management
· Regarding traditional beam management approach, the period of beam tracking is set to 10 ms, and for each beam tracking, we only consider horizontally tracking 3 candidate gNB Tx beams (current, left and right) and 3 candidate UE Rx beams (current, left and right), i.e., reusing 9 CSI-RS resources. Meanwhile, through measuring SSB with periodicity of 20 ms, the global optimal gNB-UE beam pair is determined per 80 ms where we consider 4 candidate UE beams for a UE panel. The latency for beam indication is assumed as 5 ms.
The simulation results for DNN based approach for detecting map ID are provided in Table 1. 
· In the line and curve scenarios, the successful detection ratio of map can be up to 99.82% and 99.67%. It should be noticed that the error cases only occurs in the red area as shown in Figure 3 where the UE is closed to the crossing of P-point within 30 m distance. In technical, the relative distance between line and curve is too close (no more than 0.082 m) and beyond the accuracy of ToA estimation. Once the UE is outside the red area, the successful detection ratios can increase to 100% accordingly. 
· Besides, in order to emulate a UE, like a pedestrian, outside the train, we additionally drop several UE(s) along with but outside the railway with a 3 km/h. In the last row of Table 1, it can be observed that this type of UE(s) can be identified with 100% successful detection, and then the legacy beam management rather predictable one should be applied to the UE(s) accordingly.
Then, the results of successful beam detection ratios are provided in Table 2. It can be observed that, the DNN based BM approach can outperform both legacy beam management and traditional geometry-based beam prediction (i.e., non-AI). It should be noticed that, due to the advanced beam indication based on prediction results, the latency of beam indication reduces to 0 ms.
Observation-2: From evaluation results for DNN based approach, it can be observed that 
· Successful detection for map(s) involving line, curve and exit can be close to 100%, and few cases of false detection only occur in the area where the line and curve rails are close to each other (i.e., corresponding to the same gNB serving beam).
· Significant gain of successful beam detection ratio, compared with legacy BM approach and traditional geometry-based one, can be achieved regardless of line or curve railways.
Table 1 Successful detection ratio for Map ID using DNN based detection approach 
	Scenario
	Successful detection ratio for Map ID
	Without considering the red area, successful detection ratio

	Line
	99.82%
	100%

	Curve
	99.67%
	100%

	Exit mechanism
	100%
	/


Table 2 Successful beam detection ratio compared with optimal beam 
	Scenario
	Traditional
	Traditional geometry based predictable method (non-AI)
	DNN based predictable method (AI)

	Line
	93.46%
	93.6%
	99.2%

	Curve
	93.84%
	94.37%
	96.9%

	Total
	93.65%
	93.99%
	98.06%


The SLS simulation results for HST scenario are provided in Figure 6. As a result, it can be observed that there is significant performance gain in terms of throughput when introducing predictable BM approach for high mobility. 
· From the perspective of UPT, there is distinct performance gain for predictable BM approach over traditional beam management approach. For instance, in terms of 5%-edge and mean UPT, there is up to 110.9% and 110.7% performance gain due to the saving of huge RS overhead and low latency using the proposed predictable BM approach over traditional one. Also, the predictable BM approach can be close to optimal performance in terms of 5%-edge, 95%-ile and mean UPT.
· Besides, some detailed comparison between traditional and predictable approach (in terms of real-time UPT, serving RRH and Tx beam switching as a function of time in the curve rail) can be found in our companion contribution [3]. 
[image: ] 
Figure 6 SLS results for predictable BM based approach and traditional beam management approach in the HST scenario
Observation-3: From SLS evaluation results for FR2 high mobility in a HST scenario, it can be observed that 
· Severe throughput degradation for traditional beam management based approach occurs due to very huge RS overhead for beam tracking and large latency in beam indication.
· Introducing predictable BM based approach (e.g., providing real-time Tx-Rx beam pair information based on predictive algorithm without beam tracking) can bring significant performance gain (around 110% UPT gain) over legacy approach in terms of both cell-edge UE UPT and mean UPT.
Besides for the recommended predictable based approach, it is straightforward that huge RS overhead can be saved through increasing gNB beam width(s) (i.e., reducing number of candidate gNB beams) with lower antenna configuration. Therefore, we further evaluate the two other low gNB antenna configuration as discussed in Section 2.1: #1 low gNB antenna configuration [M, N, P, Mg, Ng] = [2, 2, 2, 2, 2]; #2 low gNB antenna configuration [M, N, P, Mg, Ng] = [2, 4, 2, 2, 2]. Due to a larger beam dwelling time as shown in Figure 1, for #1 and #2 low gNB antenna configuration, the period of beam tracking is set to 40 ms and 20 ms, respectively, and meanwhile the number of SSB decreases to 4 and 8, respectively, from 64 (for legacy gNB configuration [M, N, P, Mg, Ng] = [4, 8, 2, 2, 2]). The SLS simulation results are shown in Figure 7. 
· It can be observed that, there is severe performance degradation for 5%-edge UE (-32.6% and -20.2%) over legacy gNB, although, in terms of mean UPT, there is performance gain due to saving RS overhead for beam tracking through using lower gNB antenna configuration (wider gNB beam). 
· Besides, regardless of legacy and low-antenna configurations, the predictable beam management based approach can obtain distinct performance gain in terms of both 5%-edge UE and mean UPT, which means that the recommended approach can well achieve a feasible and significant system level gain. For instance, compared with #1 low gNB antenna configuration, the predictable BM based approach obtains up to about +212.8% and +48.2% gain for cell-edge UE UPT and mean UPT, which brings clear benefits for system coverage and well solves UE experience problem(s) in HST.
[image: ]
Figure 7 SLS results for predictable BM based approach and traditional beam management approach: #1 low gNB antenna configuration [M, N, P, Mg, Ng] = [2, 2, 2, 2, 2]; #2 low gNB antenna configuration [M, N, P, Mg, Ng] = [2, 4, 2, 2, 2]; legacy gNB antenna configuration [M, N, P, Mg, Ng] = [4, 8, 2, 2, 2]
Observation-4: 
· Through decreasing gNB antenna configuration (i.e., increase of gNB beam width) for traditional beam management approach, RS overhead for beam tracking can be significantly saved due to decrease of candidate gNB beam(s), but there is severe throughput degradation for cell-edge UE, i.e., poor coverage.
· Predictable BM based approach can bring feasible system performance and obtain significant gain of both cell-edge and mean UPT, compared with legacy approach regardless of low or legacy gNB antenna configuration.
2.3 Detailed objectives for introducing predictable mobility for beam management
In order to enable predictable mobility for beam management, we need to evaluate potential beam management enhancements for predictable mobility, involving beam measurement, beam report, beam indication and fall-back approaches between predictable approach and legacy one. Specifically, we have the following analysis.
· Regarding beam measurement, the flexible parameter configuration (e.g., being activated by MAC-CE or associated with a time stamp that depicts the effective time of corresponding parameters) and corresponding activation/triggering approach should be enhanced for beam measurement framework. Specifically, according to methods (e.g., AI based) of predictable beam management, a resource signal (RS) set may be initialized with a package of multiple instances of beam measurement, each one of which may correspond to its respective TCI/spatial relation configuration and the respective RS parameter (e.g., time-domain offset) .
· Regarding beam reporting, with the predefined trajectory or physical map, UE reporting with propagation time for the physical channel from gNB and UE or a time offset from receiving a DL signal to transmitting another UL signal can be considered as a key parameter for depicting/mapping to beam transition pattern and enabling predictable beam management. Besides, the event-driven report procedure about beam switching (e.g., a time-stamp to be report for indicating time point(s) of beam switching) can be considered, and in such case, the reporting overhead of UE reporting can be saved significantly.
· Regarding beam indication, flexible beam indication and corresponding DL/UL scheduling approach based on the predictive results for subsequent beam switching can be considered. For instance, a list of beam states and corresponding time interval between two neighboring beam states are configured by RRC or MAC-CE, and then a DCI command is to indicating the starting point for applying this list of beam states, involving ID/codepoint to indicate the first beam state out of a list, e.g., beam state #X as a starting state, and updated time interval corresponding to first beam state.
· Regarding fall-back approach, as the evaluated exit strategy in Section 2.2, we need to consider dynamic switching of predictable mobility for beam management and the legacy beam training and tracking for facilitating occasional/non-predictable change (e.g., unexpected blockage or sudden deceleration/acceleration of HST or vehicles). For instance, the dynamical switching mechanism involving the pre-configuration of fall-back mode related parameter set and corresponding signalling need to be enhanced, and meanwhile the NW-initialized or UE-initialized mechanism for fall-back approach should be well evaluated and identified. 
Proposal: Consider predictable mobility for beam management as an enhancement aspect for improving UE experience in FR2 high mobility scenario (e.g., high-speed train and high-way) in a Rel-18 WI.
· Study and evaluate the feasibility and potential system level gain on predictable mobility for beam management based on the identified scenario(s).
· Evaluate and, if needed, specify beam-management-related enhancements for predictable mobility, involving beam measurement, beam report, beam indication and fall-back approach from predictable mobility to legacy one.
3 Conclusion
In this contribution, we discuss the potential enhancements on predictable mobility for beam management for Rel-18 WID. We have the following observations and proposal.
Observation-1: For FR2 high mobility in HST and high way scenario, UE specific RS overhead for beam tracking is very huge in order to handle very short beam dwelling. 
· For instance, for HST with 300 km/h (beam dwelling time is 11.7 ms), under 10ms beam tracking period, RS occupancy for overall time/frequency resources is up to 40.18% and 80.36% for the number of UEs = 50 and 100, respectively.
Observation-2: From evaluation results for DNN based approach, it can be observed that 
· Successful detection for map(s) involving line, curve and exit can be close to 100%, and few cases of false detection only occur in the area where the line and curve rails are close to each other (i.e., corresponding to the same gNB serving beam).
· Significant gain of successful beam detection ratio, compared with legacy BM approach and traditional geometry-based one, can be achieved regardless of line or curve railways.
Observation-3: From SLS evaluation results for FR2 high mobility in a HST scenario, it can be observed that 
· Severe throughput degradation for traditional beam management based approach occurs due to very huge RS overhead for beam tracking and large latency in beam indication.
· Introducing predictable BM based approach (e.g., providing real-time Tx-Rx beam pair information based on predictive algorithm without beam tracking) can bring significant performance gain (around 110% UPT gain) over legacy approach in terms of both cell-edge UE UPT and mean UPT.
Observation-4: 
· Through decreasing gNB antenna configuration (i.e., increase of gNB beam width) for traditional beam management approach, RS overhead for beam tracking can be significantly saved due to decrease of candidate gNB beam(s), but there is severe throughput degradation for cell-edge UE, i.e., poor coverage.
· Predictable BM based approach can bring feasible system performance and obtain significant gain of both cell-edge and mean UPT, compared with legacy approach regardless of low or legacy gNB antenna configuration.
Proposal: Consider predictable mobility for beam management as an enhancement aspect for improving UE experience in FR2 high mobility scenario (e.g., high-speed train and high-way) in a Rel-18 WI.
· Study and evaluate the feasibility and potential system level gain on predictable mobility for beam management based on the identified scenario(s).
· Evaluate and, if needed, specify beam-management-related enhancements for predictable mobility, involving beam measurement, beam report, beam indication and fall-back approach from predictable mobility to legacy one.
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