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1 Introduction

In RAN1#90bis, for DL interference mitigation schemes for aerials, the following conclusion was reached:

Conclusion:

· Further evaluate Rel-13 and Rel-14 coverage extension for aerial UEs in poor downlink SINR for common and control channels 

· Other coverage extension techniques for aerials are not precluded

· The impact on throughput performance and latency are further analysed/evaluated in RAN1#91

· FFS on whether power consumption needs to be considered

· The throughput performance and latency of the following network coordination schemes are further evaluated in RAN1 #91 meeting

· Joint transmission for control, data, associated signals

· Considering geographical separation of coordinating cells

· Resource reservation

· ABS, control/data muting

· Other options and combinations are not precluded

· FFS on whether power consumption needs to be considered

Note1: Optionally, the impact of handover and RLF may also be considered in the evaluation 

Note 2: Companies are encouraged to provide detailed considerations on the resource usage and reference signal

In this contribution, network coordination schemes are further analyzed and evaluated to address the severe interference on downlink and reduce frequent handover for drones.
2 Enhancement on common and control channels
As captured in the TR 36.777 [1], the DL geometry for aerial UEs is much decreased compared to terrestrial UEs, and also as the density of aerial UEs increases, especially in Case 5. Severe geometry degradation for aerial UEs will decrease throughput for aerial UEs and consume more DL resource for performance improvement. The resource remaining available for terrestrial UEs is consequentially reduced, which will thus reduce the throughput of terrestrial UEs.
Two sources provide geometry results in TR 36.777 to consider the impact of fast fading in Section C.2. As seen from the geometry results of these two companies, it can be expected the averaged DL geometry will further deteriorate if fast fading is considered in all the evaluations.

Moreover, the geometry results in TR 36.777 are based on a static evaluation. For the statistics of geometry for each UE of each drop, the strongest signal is regarded as the useful signal, and signals from other cells are regarded as the interference. However, the aerial UEs are usually flying at a high speed, so frequent handover and cell-reselection are expected. In the field measurements provided by [2], the handover frequency will be increased 27 times compared that of terrestrial UEs. 
Frequent handovers will lead to aerial UEs not always camping on the strongest cell. The interruption time arising from handover failure and RLF will increase, which will further degrade the DL geometry and throughput.
Figure 1 below provides evaluated geometry for UEs in case 5 at different altitudes. To more match the realistic environment of aerial UEs communicating with cells, the process of UE’s mobility is also modeled, and the criterion of UE’s handover and measurement reporting follows the specifications of TS 36.304 and TS 36.331. 
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Figure 1: Geometry CDF in Case 5
As seen from Figure 1, depending on the flying altitude, about 20%~40% DL geometry is worse than -8 dB, which will significantly degrade the detection performance of common channels (e.g., synchronization channel, PBCH, etc.) and control channel.
Observation 1: Due to the impacts of high mobility and fast fading, about 20%~40% DL geometry is worse than -8 dB for aerial UEs.
2.1 Enhancements for common channels

UEs in lower SINR can need multiple attempts to successfully decode synchronization signals and PBCH. UE may detect the synchronization signals first, followed by PBCH, and the period of both PSS and SSS, and PBCH in normal LTE system is 10ms, respectively. Considering the above factors, an additional attempt on synchronization and PBCH would add 20 ms extra latency for aerial UEs. Thus, 40 ms latency could be expected if one aerial UE only detects two times on both synchronization and PBCH.
Among LTE’s common channels, PBCH was targeted for enhancement by repetition in Rel-13. The main effect of repetition is to increase the received signal power in a noise limited environment. It does little, and was not the goal, to improve interference limited situations since typically all of a set of neighbor cells will also employ repetition, and interference on such as synchronization signals and PBCH is prone to be coherently combined. Repetition is also no help to, and likely to be a hindrance to, a latency-bounded service, including scenarios where the UE’s view of the network is often changing – a primary characteristic of an aerial UE. 
For aerial UEs, due to the increase in the number of visible neighbor cells, they may need to frequently monitor and measure neighbor cells. The time duration for neighbor cell measurements would be significantly prolonged to consider increased acquisition time. If UE takes longer to select the best signal as the target serving cell, it has to camp on the sub-optimum cell for longer, which may degrade its geometry and impact throughput.
As a result, enhancement for common channels (especially for synchronization and PBCH) are necessary to accelerate cell access and neighbor measurement, and correspondingly improve UE’s geometry and throughput. 
2.2 Enhancement on control channel

For PDCCH detection of aerial UEs, the problem will be more severe. The PDCCH BLER would be very high for UEs in low geometry. Unsuccessful PDCCH detection will not only increase the latency of DL transmission but also reduce efficiency of DL resource utilization.

To verify the realistic PDCCH performance of aerial UE, our field measurement on PDCCH BLER is given below. As seen from the Figure below, the PDCCH BLER performance is far away from the expected 1% error rate. As a result, PDCCH performance enhancement is needed for aerial UEs.
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Figure 2: Performance of PDCCH in practical measurement

3 Network coordination

As described previously, the number of visible neighbor cells is increased for aerial UEs, which degrades downlink geometry and results in severe performance deterioration on both common channel and control channel. 
To improve the SINR, it is necessary to improve the quality of useful signal and reduce or remove interference. For example, the useful signal can be transmitted to an aerial UE from multiple physical cells within a coordinated set. The strength of useful DL signal will be improved due to joint transmission or muting. The interference from neighbor cells is reduced if they transmit the same useful signal to an aerial UE or mute on the relevant resources.
Network coordination techniques, e.g., CoMP, can improve the reliability and throughput of data channels. However, there is no enhancement on common channels and control channel for CoMP since in the scenarios considered during CoMP development in the past, the decoding performance of common channels and control channels outperforms than that of data channels. Moreover, the issue of handover is not a prominent problem for the legacy CoMP scenarios, but it is for aerials. 
The handover decision is based on the RSRP offset between serving cell and neighboring cells. Currently, network coordination cannot be applied for CRS, so the handover rate cannot be reduced. RLF detection is based on the CRS measurement within PDCCH symbols. Since PDCCH CRS cannot be jointly transmitted by multiple cells, the received CRS power cannot be increased, and the probability of RLF becomes high.
For the scenarios with aerial UEs, as we analyzed above, the DL geometry is significantly degraded and the frequency of handover is significantly increased. As a result, it is worthwhile to apply network coordination scheme on the common channels, control channel, and reference signals.

In Figure 3 below, a reserved DL resource can be allocated for aerial UEs within the PDSCH region. Each block in Figure 3 denotes one subframe in the time domain and one PRB in the frequency domain. The physical cells can coordinate the available resource for aerial UEs via X2. For ideal backhaul, joint transmission among multiple physical cells is appealing. The common channels, control channels and reference signals can be jointly transmitted by multiple cells within a coordinated set. For non-ideal backhaul, one physical cell can transmit the useful signal to an aerial UE, and the other physical cells in the coordinated cell can mute on the relevant resources to reduce the interference.
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Figure 3: Reserved DL resources (Blue grids) for aerial UEs
As seen from Figure 3, multiple physical cells, which construct a virtual large cell for aerial UEs, jointly transmit common channels, control channels and data channels. The aerial UEs can perform cell access procedures on the virtual cell, and are served transparently by it. As a result, the DL SINR is improved for aerial UEs, and the throughput for aerial UEs improves correspondingly. The handover frequency can also be reduced, so the interruption time arising from UE’s measurement and handover is saved, which is also beneficial for throughput improvement.
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Figure 4: Network Coordination
4 Performance evaluation on network coordination technique

4.1 Baseline throughput performance
Table 1 below provides the baseline throughput results of Case 1 and Case 5 from [3], where the impact of unsuccessful PDCCH detection is not considered. The basic simulation parameters for network coordination technique are the same as provided in our companion contribution [4]. As seen from Table 1, increasing the number of aerial UEs degrades the cell throughput.

Table 1: Throughput results, without PDCCH error impact

	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 1
	Case 5
	Case 1
	Case 5

	UE type
	Terrestrial
	Terrestrial
	Aerial
	All
	Terrestrial
	Terrestrial
	Aerial
	All

	Average (Mbps)
	28.78
	17.85
	3.7
	14.14
	17.05
	10.17
	2.88
	8.82

	5% ile (Mbps)
	5.43
	2.39
	0.33
	0.6
	2.15
	0.94
	0.26
	0.47

	50% ile (Mbps)
	25.48
	13.84
	1.68
	9.28
	12.54
	6.55
	1.07
	5.08

	95% ile (Mbps)
	61.54
	47.62
	13.94
	45.98
	48.19
	34.48
	13.25
	31.5

	RU (%)
	19.23
	75.13
	58.97
	95.4


Table 2 below provides the throughput results of Case 5, and the impact of unsuccessful PDCCH detection is considered. To evaluate the impact of control channel, the PDCCH link level simulation results are provided as the reference to determine the probability of PDCCH failed transmission. Eight CCEs are assumed for the PDCCH link level simulation. If a PDCCH is regarded as an unsuccessful detection, the corresponding PDSCH transmission is also categorized as unsuccessful reception. Additionally, if a PDCCH is regarded as failed at subframe n, to consider the PUCCH HARQ-ACK feedback timing (four subframes), the scheduler will not arrange the retransmission of PDSCH (and associated PDCCH) before subframe n+5.As a result, the resource allocated to PDSCH transmission is wasted, and DL throughput and latency will be degraded correspondingly. 
In the evaluation, for simplicity and fair comparison on evaluating throughput, the resource occupation of PDCCH is not modeled. In other words, the PDCCH BLER is only considered in the system evaluation to investigate the impact on PDSCH throughput. The total available resource for PDSCH stays the same regardless of PDCCH error. 
As seen from Table 2, the DL throughput is degraded due to unsuccessful PDCCH detection, which will lead to inefficient resource utilization and increased latency of DL transmission.
For 5% cell edge UEs, the throughput loss is obvious due to lower SINR observed. The impact of failed PDCCH detections is marginal for UEs with higher SINR. For example, the throughput loss is near to zero at the 95% point.
Observation 2: Unsuccessful PDCCH detection will degrade DL throughput arising from inefficient resource utilization and prolonged DL transmission latency.

Table 2: Throughput results, with PDCCH error impact

	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 5
	Case 5

	UE type
	Terrestrial
	Aerial
	All
	Terrestrial
	Aerial
	All

	Average (Mbps)
	17.78(-0.4%)
	3.54(-4.3%)
	13.92(-1.6%)
	10.02(-1.5%)
	2.73(-5.2%)
	8.66(-1.8%)

	5% ile (Mbps)
	2.27(-5.0%)
	0.263(-20.3%)
	0.55(-8.3%)
	0.87(-7.4%)
	0.18(-30.8%)
	0.42(-10.6%)

	50% ile (Mbps)
	13.72(-0.9%)
	1.61(-4.2%)
	9.16(-1.3%)
	6.42(-2.0%)
	0.98(-8.4%)
	4.96(-2.4%)

	95% ile (Mbps)
	47.60 (0%)
	13.93(-0.1%)
	45.97 (0%)
	34.31(-0.5%)
	13.21(-0.3%)
	31.39(-0.3%)


4.2 Throughput performance enhancement
Table 3 below provides the throughput results when DL network coordination on data channel is applied. To guarantee the time delay of useful signal from different sites within the CP length, at most 7 sites are assumed to construct one coordinated set. Coherent combination is assumed for using the energy of useful signals from different cells. Thanks to converting the strongest interfering cells  into useful serving cells, clear throughput improvement can be observed for aerial UEs in Table 3.

For terrestrial UEs, its serving cells have to reserve some resource for the joint transmission (or muting) of aerial UEs, so the available resource of terrestrial UEs will be reduced. As a result, the throughput loss to apply network coordination technique is expected, but as illustrated in Table 3, it is smaller for terrestrial UEs in low traffic load than terrestrial UEs in high load. The reason is that the resource is not always fully scheduled in low load, so the resource reservation has less impact on terrestrial UEs.
Moreover, when multiple cells jointly serve one aerial UE, the same time-frequency resource should be used. In this case, the interference of aerial UEs from neighboring cells to terrestrial UEs will be mitigated due to orthogonal resources used between aerial UE and terrestrial UEs. As a result, the throughput of terrestrial UEs can be compensated to some extent.
Table 3: Throughput results, network coordination on data, with PDCCH error 

	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 5
	Case 5

	UE type
	Terrestrial
	Aerial
	All
	Terrestrial
	Aerial
	All

	Average (Mbps)
	17.39(-2.6%)
	4.47(20.8%)
	14.09(-0.4%)
	9.64(-5.2%)
	3.02(4.9%)
	8.5(-3.6%)

	5% ile (Mbps)
	2.23(-6.7%)
	0.43(30.3%)
	0.65(8.3%)
	0.86(-8.5%)
	0.3(15.4%)
	0.43(-8.5%)

	50% ile (Mbps)
	13.32(-3.8%)
	2.01(19.6%)
	9.03(-2.6%)
	6.05(-7.6%)
	1.13(5.6%)
	4.77(-6.1%)

	95% ile (Mbps)
	48.90(2.7%)
	15.05(8%)
	47.35(3%)
	33(-4.3%)
	13.49(1.8%)
	30.6(-2.9%)


Table 4 below provides the throughput results to apply the technique of DL network coordination on both data channel and control channel. The evaluation scheme is the same as analyzed above. With joint transmission on control channel, the PDCCH performance can be improved, which will improve the throughput especially for aerial UEs at lower SINR. As seen from Table 4, with network coordination on both data channel and control channel, up to 49% throughput gain can be obtained for aerial UEs, so it is worthwhile to apply network coordination on DL enhancement. Due to the improved performance of the aerial UEs, their impact to terrestrial UEs is reduced compared to having only coordination on data channels.
Observation 3: With network coordination on both data channel and control channel, up to 49% throughput gain can be obtained for aerial cell edge UEs.
Observation 4: Adding network coordination on control channels reduces the impact from aerial UEs to terrestrial UEs.
Table 4: Throughput results, network coordination on data and control, with PDCCH error

	Traffic Load
	Low
	High

	Aerial UT ratio
	Case 5
	Case 5

	UE type
	Terrestrial
	Aerial
	All
	Terrestrial
	Aerial
	All

	Average (Mbps)
	17.61(-1.3%)
	4.6(24.3%)
	14.30(1.1%)
	9.76(-4.0%)
	3.14(9.0%)
	8.69(-1.5%)

	5% ile (Mbps)
	2.35(-1.7%)
	0.49(48.5%)
	0.67(11.7%)
	0.93(-1.1%)
	0.37(42.3%)
	0.46(-2.1%)

	50% ile (Mbps)
	13.5(-2.5%)
	2.07(23.2%)
	9.16(-1.3%)
	6.18(-5.6%)
	1.17(9.3%)
	4.87(-4.1%)

	95% ile (Mbps)
	48.91(2.7%)
	15.25(9.4%)
	47.4(3.1%)
	33.1(-4.0%)
	13.55(2.3%)
	30.71(-2.5%)


Proposal 1: Capture the throughput results from Table1-Table 4 into the TR 36.777.
Proposal 2: The technique of network coordination, including common and control channels and signals, is beneficial and feasible for DL enhancement.
5 Conclusion

In this contribution, the key issues of aerials are identified, and the throughput performances are evaluated to consider network coordination technique and PDCCH error impact. The following observations and proposals are provided:

Observation 1: Due to the impacts of high mobility and fast fading, about 20%~40% DL geometry is worse than -8 dB for aerial UEs.

Observation 2: Unsuccessful PDCCH detection will degrade DL throughput arising from inefficient resource utilization and prolonged DL transmission latency.

Observation 3: With network coordination on both data channel and control channel, up to 49% throughput gain can be obtained for aerial cell edge UEs.
Observation 4: Adding network coordination on control channels reduces the impact from aerial UEs to terrestrial UEs.
Proposal 1: Capture the throughput results from Table1-Table 4 into the TR 36.777.

Proposal 2: The technique of network coordination, including common and control channels and signals, is beneficial and feasible for DL enhancement.
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