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1 Introduction

This contribution provides a text proposal for interference mitigation technique of network coordination on data and control, which can be incorporated in TR 36.777 for Study on Enhanced LTE Support for Aerial Vehicles. 
/************************ Start of Text Proposal **************************/
2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

/************************ Unchanged parts omitted**************************/
[bx]
R1-1719467: "DL enhancements for drones", Huawei, HiSilicon
/************************ Unchanged parts omitted**************************/
7.2 Potential enhancements for downlink interference mitigation

/************************ Unchanged parts omitted**************************/
7.2.X Coordinated data and control transmission

In this solution, multiple cells belonging to the same or different sites are coordinated. PDCCH performance may need enhancement especially for 5% aerial UEs according to the geometry results as shown in Section C.2. Data, common signal/channels (e.g., synchronization signal and PBCH), and control channel can be jointly transmitted to the UEs. The coordinated cells could construct a larger cell for aerial UEs, and terrestrial UEs are served by physical cells without coordination, simultaneously. A dedicated DL resource within the PDSCH region of the coordinated cells can be reserved for these coordinated transmissions. 
The evaluation results for this technique, taking into account PDCCH error, are given in Section E.X. For the case of high resource utilization for PDSCH, throughput for aerial UEs is improved. In 95.4% resource utilization (e.g., the worst case can refer to the geometry results as shown in Section C.2), for the 5%ile UEs, the throughput of aerial UEs is improved by 42.3% with data and control coordination compared to 15.4% with only data coordination, and the impact on terrestrial UEs is reduced from 8.5% with only data coordination to 1.1% with data and control coordination. In addition to the agreed system simulation assumption, additional simulation model of PDCCH error is given in Section E.X. Detailed simulation assumption for modelling PDCCH error is also shown in Section E.X, and the gain of network coordination on PDCCH needs further evaluation.
There would be specification impact from this technique. The details would depend on the potential solutions for further study. It could include signaling for indicating the dedicated DL resource, procedure updates for cell (re-)selection and acquisition to apply to the coordinated cell, and cell ID for the coordinated cell. Necessary enhancements to common channels (PDCCH, PBCH) and signals (RS, synchronization) could be included. The capability and complexity of UE’s measurement may be increased due to more cells measured. RAN4 requirement on the synchronization of time-frequency among coordinated transmissions may be needed. The enhancements on X2 signaling including capacity and latency should be considered to coordinate multiple cells from same or different sites.
/************************ Unchanged parts omitted**************************/

E.X Evaluation results for coordinated data and control transmission

In this section, the downlink throughput results for all UEs with network coordination are presented for UMa-AV. For ISD=500m, up to seven adjacent sites can be considered for coordinated transmission, and ideal backhaul is assumed. Synchronized (time and frequency) and coherent transmission are assumed among coordinated cells. The results from 1 source [bx] are given in Table E.X-2 ~ Table E.X-4.  
PDCCH error for the evaluation is modeled as follows:


· If the channel of a certain UE is LoS, PDCCH link level performance in AWGN channel is used for determining the PDCCH BLER.
· If the channel of a certain UE is NLoS, PDCCH link level performance in fading channel is used for determining the PDCCH BLER.

Resource occupation of PDCCH is not modeled in the system level evaluation. PDCCH BLER is only considered in the system evaluation to investigate the impact on PDSCH throughput. PDCCH BLER is applied to both aerial UEs and terrestrial UEs. The coordinated transmission is only considered for aerial UEs with lower SINR, and other UE including terrestrial and rest of aerial UEs are served by physical cells without coordination, simultaneously. PDCCH error is calculated at a SINR point of PDSCH in the system level simulation, i.e., network coordination for PDCCH is not explicitly modeled but indirectly reflected by the SINR improvement via network coordination for PDSCH. It is noted that SINR of PDCCH and PDSCH can be different. PDCCH error at a SINR point leads to corresponding PDSCH failure reception. Simulation parameters for PDCCH link level evaluation is given below. 
Table E.X-1: Parameters for PDCCH link level simulation (as in TR 36.888)

	Parameters
	Value

	System BW
	10 MHz

	Channel BW of PDCCH (Hz)
	4320000

	DCI format
	1A

	Aggregation level
	8 CCEs

	CFI
	3

	Antenna configuration
	2Tx2Rx

	Frame Type
	FDD

	Channel
	EPA， AWGN


Table E.X-2: Throughput results, without PDCCH error impact and without network coordination
	RU(%)
	75.13
	95.4

	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 E.X-3: Network coordination on data, considering PDCCH error 

	RU(%)
	75.13
	95.4

	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 E.X-4: Network coordination on data and control, considering PDCCH error

	RU(%)
	75.13
	95.4

	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%)


Table E.X-2 shows the baseline throughput results, without considering PDCCH error impact and network coordination. Table E.X-3 shows the throughput results with network coordination on data channel considering PDCCH error impact. Table E.X-4 shows the throughput results with network coordination on both data channel and control channel considering PDCCH error impact.

Based on these results from Table E.X-2 ~ Table E.X-4, the followings can be observed:
· Network coordination on data channels only can improve aerial UE throughput, but reduces the terrestrial UE throughput. Additional network coordination on control further increases aerial UE throughput, and reduces the impact to terrestrial UEs.

· The gain in 5%ile aerial UE throughput by additional network coordination on control can be higher when resource utilization is higher.
/************************ Unchanged parts omitted**************************/
