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1. Introduction
In RAN1 102-e meeting, NR coverage evaluation assumptions were further discussed, and the specific evaluation metric was also confirmed with following agreements [1].
	The agreements of previous meeting aim to further align the evaluation assumptions of specific scenarios, including evaluation metric, antenna model, etc. The main objectives are as follows.
Agreements:
Further clarify the agreement on antenna gain and antenna gain components including antenna gain correction factors as follows:
· For both TDL option 1 (table A below) and TDL option 2 & CDL (table B below)
· The gain of antenna gain component 1 is included in LLS results
· The gain of antenna gain component 2 is included in link budget template
· The gain is expressed by 10 * log 10( N/k ) - 1
·  For TDL option 2 & CDL, the gain is 0 dB
· The gain of antenna gain component 3 is included in link budget template
· The gain of antenna gain component 4 is included in link budget template
· The gain of antenna gain components 3 and 4 is expressed by Antenna Element Gain + 10 * log 10( M/N ) -2
· For Tx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (4) 
· For Rx, One row is used represent the gain of antenna gain component 3 + 4, i.e. row No. (11)
· Note: more appropriate name or explanation will be added to row No.(4) and (11). Details can be discussed when the link budget template is updated. 
Agreements:
· Adopt single link budget template for both FR1 and FR2 based on IMT-2020 self-evaluation with rows for MIL, MCL, MPL, and necessary revisions, including adding/removing/revising/simplifying some parameters
· [For LLS based methodology, ]coverage bottleneck(s) identification is performed using at least [MCL and] MIL. 
· [MCL values can also be considered to compare channels with similar antenna (and antenna array) gain]
Agreements:
· RAN1 strives for satisfying appropriate targets identified by companies particularly operators
· The targets may be in the form of one or more of the following:
· 1. Scenario dependent targets, e.g., ISD/MPL
· 2. Service dependent targets, e.g., [MCL=147] dB for VoIP;
· 3. Relative difference between channels, e.g, MIL(/[MCL])
· Further values and details of such targets will be clarified at RAN1#103-e 
· Note: there is no intention in RAN1 to update the study item objectives due to the identified targets.


According to above agreements, link budget template based on IMT-2020 self-evaluation is used for capturing MCL, MIL and MPL, which is then used for identifying the bottleneck channels. Therefore, we provide the evaluation results based on above metrics in urban and rural scenario for NR FR1 in this contribution. Details on evaluation is listed in the attached spreadsheet.
1. Consideration evaluation assumptions
1.1. Correction factor for broadcast channels
The DL coverage is highly dependent on the gNB transmission EIRP. While the EIRP is usually determined based on transmission power and beamforming gain. In Rel-15/Rel-16, for a UE specific downlink transmission, gNB may select beam with better quality to serve a UE through beam management procedure or taking advantage of channel reciprocity, hence large BF gain can be assumed for transmissions or receptions other than DL broadcast channels.
For DL broadcast channels, e.g. SSBs and PDCCH in type 0-2 CSSs, typically these channels are served by fixed and wider beams, the beamforming gain would be lower compared with UE specific channels. The difference is not considered in ITU link budget template. To reflect the coverage of the broadcast channels more accurately, the BF gain difference between broadcast channel and unicast channel should be reflected in link budget template. 
In last meeting, correction factor is introduced to reflect the non-ideal factors in antenna array gain component gain 2, 3 and 4. The beamforming at gNB can be implemented in analog or digital domain, which depends on the antenna structure. In FR1 2.6GHz and 4GHz, the beamforming is realized by mapping from k RF chains to N TxRUs, which is defined as antenna component 2 in [1]. In this case, the correction factor for BF gain difference should be included in antenna gain component 2. While for 2GHz, k=N=2 is assumed at gNB in our evaluation, which means BF gain in antenna component 2 is not applicable. Hence, for the cases with k=N in FR1, both broadcast and unicast BF is reflected in antenna gain components 3&4. Specifically, the correction factor to reflect the difference between broadcast and unicast, is included in antenna gain component 2 for 2.6GHz and 4GHz in FR1, and is reflected in antenna gain component 3&4 for FR1 2GHz.
[bookmark: _Hlk53654568][bookmark: _Ref53682888][bookmark: OB3]Observation 1: The correction factor for the difference between broadcast and unicast, 
· is included in antenna gain component 2 for 2.6GHz and 4GHz in FR1, 
· is included in antenna gain components 3&4 for FR1 2GHz, if k=N=2 is assumed.
For 700MHz rural, non-AAS antenna is assumed at gNB, a sector is served by a single broadcast beam regardless of unicast transmission or broadcast transmission. There is no difference between unicast and broadcast BF gain for 700MHz rural, i.e. the correction factor is 0.
[bookmark: _GoBack]We evaluated the BF gain difference between unicast BF and broadcast BF through system level simulation, and the difference is reflected by the RSRP difference measured at UEs in a serving cell. The number of broadcast beam and the beam width is selected to make sure every position in a cell is covered by a broadcast beam within 3dB beam width. For broadcast beams, there are 4 horizontal beams in FR1. For unicast beams, 8 DFT based horizontal beams are modeled for FR1. The detailed evaluation assumptions for broadcast and unicast beams are given in [2].
[image: ][image: ]
(a) FR1 2.6GHz                            (b) FR1 4GHz
[bookmark: _Ref39855116]Figure 1. CDF of RSRP with broadcast BF and unicast BF
As shown Figure 1, the RSRP of unicast BF is obviously higher than that of broadcast BF. In FR1, the BF gain of unicast BF is about 8dB higher than broadcast BF. Without loss of generality, we have the following proposal on correction factors for broadcast channels.
[bookmark: _Ref53683050][bookmark: PP2]Proposal 1: The correction factor for gNB BF gain for broadcast channel should be considered in link budget template.
· In FR1, the correction factor is about 8dB for carrier frequency other than 700MHz; 
· 0dB for 700MHz.
For UL channels, since a single omni-directional antenna is assumed in FR1, there is no Tx beamforming performed at UE, hence correction factor is not needed for UL channels associated with DL broadcast channels, e.g. PRACH, MSG3.
[bookmark: _Ref53683181]Observation 2: The correction factor for gNB Rx BF gain for UL channels, associated with DL broadcast channel, is not necessary to consider in FR1.
1.2. Correction factor for antenna gain loss due to tilt angle
As discussed in previous meetings, antenna gain component 4 should also be considered in the antenna array gains, which is determined by the antenna element gain and the antenna pattern. The actual antenna gain depends on the antenna pattern and the tilt angle from the boresight direction of the gNB panel rather than simply use the maximum antenna element gain. In RAN1#102e, correction factor 2 is introduced in antenna components 3&4. We also obtain the correction factor due to tilt angle through system level evaluation using the following methodology.
· Step 1: Obtain the tilt angle of UE direction from the boresight of the gNB panel through SLS.
· Step 2: Get the actual antenna gain based on the antenna radiation pattern.
We obtained average antenna gain loss of the evaluated UEs in each scenario, the results are provided in the following table.
Table 1 Average antenna gain loss due to tilt angle obtain from SLS
	Scenarios
	2(dB)

	Urban/Rural 4GHz
	2.6964

	Urban/Rural 2.6GHz
	2.6


[bookmark: _Ref53683227][bookmark: _Hlk53654430]Observation 3: The loss in gNB antenna gain due to tilt angle from the boresight direction of antenna panel is about 2.65dB for FR1.
1. Evaluation on Coverage performance
In this section, evaluation results in terms of MCL, MIL and MPL for different scenarios are provided, and bottleneck channels are identified accordingly. 
2. Discussion on Coverage Targets
As agreed in [1], targets may be in the form of scenario dependent targets, e.g. ISD/MPL or relative difference between MIL/MCL. In this contribution, we identify bottleneck channels based on the target ISD/MPL. Channel model A is considered as the pathloss model to derive the target MPL from the target ISD of each scenario recommended in [3], which are provided in Table 2.
[bookmark: _Ref53776207]Table 2 target ISD in each scenario
	scenarios
	Urban
	Rural
	Rural long distance

	target ISD
	500m
	1732m
	5000m


To intuitively reflect the gap between the MPL of the physical channels and target MPL, the performance gaps are calculated. Note that target ISD of 500m is too aggressive for uplink channels in urban scenario. For example, the gap to the target MPL is as large as 12-15dB, which is unreachable considering any solutions. Hence, performance gap is calculated assuming the target ISD to be 350m for Urban scenario. 
[bookmark: _Ref53683594]Proposal 2: Target ISD for each scenario provided in TR 38.913 can be considered as baseline to identify the coverage bottleneck.
· A reasonable target ISD for Urban scenario should be selected, e.g. 350m.
The performance gaps for different channels in different scenarios are provided in Table 3, Table 4 and Table 5 for Urban, Rural and Rural with long distance, respectively. The negative values in green means the coverage of the physical channel can meet the target requirement in corresponding scenario, and the positive values in red shows performance gap compared with the target available path loss. Meanwhile, the values which are close to the target threshold with limited performance margin are marked with yellow.
2. Coverage performance in each scenario
· Urban
As agreed in previous meeting, only NLOS outdoor-to-indoor is considered for urban scenario. And following carrier frequencies and frame structures are considered, 
· 4GHz, DDDSU
· 4GHz, DDDSUDDSUU
· 2.6GHz, DDDDDDDSUU
In urban scenario, 1Mbps target data rate of PUSCH is assumed. The evaluation results of urban scenario are shown in appendix B, it can be observed that PUSCH eMBB is the most obvious bottleneck channel among all channels based on relative difference between MIL and MCL. Besides, the performance gap is also large even if 350m target is assumed. 
For other UL channels, the target can be fulfilled if the target ISD is 350m. PRACH and PUCCH may also need to be enhanced if target ISD is set to 500m.
[bookmark: _Ref53667251]Table 3 Performance gap between MPL and pathloss corresponding to the target ISD for FR1 Urban 
	MCL gap(dB)
	Freq/DL-UL-Config
	PDSCH 
(eMBB)
	PDSCH 
(voip)
	PDCCH 
(UE)
	PDSCH
MSG2
	PDSCH
MSG4
	PDCCH 
(BC)
	SSB
	PUSCH 
(eMBB)
	PUSCH 
(voip)
	PUSCH
MSG3
	PRACH 
format B4
	PRACH
format 0
	PUCCH 
(PF1)
	PUCCH 
(PF3)

	Urban(500m)
	4GHz-
DDDSU
	-9.96 
	-17.43 
	-10.1 
	-4.6 
	-6.12
	-2.09 
	-5.22 
	14.17 
	-0.79 
	0.17 
	5.95 
	1.93 
	-0.73 
	1.8 

	Urban(350m)
	
	-16.01 
	-23.48 
	-16.15 
	-10.65 
	-12.17
	-8.14 
	-11.27 
	8.11 
	-6.84 
	-5.89 
	-0.11 
	-4.13 
	-6.78 
	-4.25 

	Urban(500m)
	4GHz-DDDSUDDSUU
	-9.88 
	-17.43 
	-10.1 
	-4.6 
	-6.12
	-2.09 
	-5.22 
	12.71 
	-2.50 
	0.17 
	5.95 
	1.93 
	-0.73
	1.8 

	Urban(350m)
	
	-15.93 
	-23.48 
	-16.15 
	-10.65 
	-12.17
	-8.14 
	-11.27 
	6.65 
	-8.56 
	-5.89 
	-0.11 
	-4.13 
	-6.78 
	-4.25 

	Urban(500m)
	2.6GHz-DDDDDDDSUU
	-13.71 
	-22.61 
	-13.76 
	-8.40 
	-9.9
	-5.8 
	-8.94 
	8.97 
	-6.14 
	-3.76 
	2.15 
	-1.80 
	-4.4 
	-1.81

	Urban(350m)
	
	-19.76 
	-28.66 
	-19.81 
	-14.45 
	-15.95
	-11.85 
	-14.99 
	2.92 
	-12.19 
	-9.81 
	-3.91 
	-7.85 
	-10.45 
	-7.86 


[bookmark: _Ref32454010][bookmark: _Ref53683278]Observation 4: In urban scenario, PUSCH eMBB is the bottleneck channel based on MIL, MCL and MPL; 
· Rural
Both NLOS outdoor-to-outdoor and NLOS outdoor-to-indoor are considered for rural scenario. And following carrier frequencies and frame structures are considered,
· 4GHz, DDDSU
· 4GHz, DDDSUDDSUU
· 2.6GHz, DDDDDDDSUU
· 2GHz/700MHz FDD
In rural scenario, the target data rate for PUSCH is 100Kbps, so the performance of PUSCH eMBB will not be much lower than other channels. The MCL/MIL/MPL of channels in rural scenario in TDD are shown in appendix B, it can be observed that PUSCH eMBB is still the bottleneck channel, but relative difference to other channels is not that large compared with that in urban scenario. Besides, the gap between the MPL of physical channels and the target MPL is given in Table 4, almost all uplink channels cannot reach the target ISD in 4GHz NLOS O-to-I scenario, and PUSCH eMBB, PRACH and PUCCH format3 are the bottleneck channels in 4GHz NLOS O-to-O scenario. For 2.6GHz, the bottleneck channels are PUSCH, PRACH and PUCCH format 3 in NLOS O-to-I scenario.
[bookmark: _Ref53683371]Observation 5: In Rural scenario, following channels are identified as bottleneck channels
· PUSCH eMBB, PRACH and PUCCH format 3 for TDD 4GHz/2.6GHz O2O and TDD 2.6GHz O2I
· All UL channels for TDD 4GHz O2I;
Besides, the evaluation results of rural scenario in FDD are also provided. In FDD, due to lower carrier frequency and sufficient UL resources, the coverage of UL channels is larger than or close to the MPL corresponding to 1732m ISD, and there are no obvious bottleneck channels based on MIL and MCL, therefore coverage enhancement is not necessary. Although, there is some gap between PRACH format in FDD 2GHz, PRACH format with long duration, e.g. format 1 and format 2 can be configured, and these formats is not restricted by UL resources in FDD. Hence, enhancements on PRACH in FDD is not needed. For broadcast PDCCH, the gap is marginal, hence the enhancements on broadcast PDCCH can be down prioritized.
[bookmark: _Ref53667253]Table 4 Performance gap between MPL and pathloss corresponding to the target ISD for Rural 
	MCL gap(dB)
	Freq/DL-UL-Config
	PDSCH 
(eMBB)
	PDSCH 
(voip)
	PDCCH 
(UE)
	PDSCH
MSG2
	PDSCH
MSG4
	PDCCH 
(BC)
	SSB
	PUSCH 
(eMBB)
	PUSCH 
(voip)
	PUSCH
MSG3
	PRACH 
format B4
	PRACH
format 0
	PUCCH 
(PF1)
	PUCCH 
(PF3)

	Rural O2O
	4GHz
DDDSU
	-9.17 
	-19.11 
	-9.83 
	-4.89 
	-6.46
	-1.88 
	-4.85 
	4.55 
	-2.77 
	-0.54 
	5.60 
	2.82 
	-0.52 
	2.03 

	Rural O2I
	
	-5.37 
	-13.98 
	-6.34 
	-1.08 
	-2.6
	1.67 
	-1.46 
	8.44
	2.73 
	3.69 
	9.7
	5.68
	3.03 
	5.56 

	Rural O2O
	4GHz
DDDSUDDSUU
	-9.65 
	-19.11 
	-9.83 
	-4.89 
	-6.46
	-1.88 
	-4.85 
	3.35 
	-4.31 
	-0.54 
	5.60 
	2.82 
	-0.52 
	2.03 

	Rural O2I
	
	-5.89 
	-13.98 
	-6.34 
	-1.08 
	-2.6
	1.67 
	-1.46 
	6.99
	1.01 
	3.69 
	9.7
	5.68
	3.03 
	5.56 

	Rural O2O
	2.6GHz
DDDSUDDSU
	-13.01 
	-23.02 
	-13.55 
	-8.73 
	-10.19
	-5.59 
	-8.81 
	0.47 
	-6.67 
	-4.40 
	2.23 
	-1.48 
	-3.83 
	-1.69

	Rural O2I
	
	-9.16
	-19.09
	-10
	-4.88 
	-6.38
	-2.04 
	-5.55 
	4.59
	-2.62 
	-0.24 
	5.9 
	1.96
	-0.64 
	1.96 

	Rural O2O
	2GHz FDD
	-15.46 
	-25.76 
	-16.7 
	-11.07
	-12.4
	-8.82
	-12.58 
	-5.35 
	-12.94 
	-7.46 
	0.24 
	-0.88 
	-7.18 
	-4.37 

	Rural O2I
	
	-13.4 
	-22.51 
	-15.21 
	-9.38 
	-10.12
	-7.15 
	-10.58 
	-3.73 
	-9.74 
	-5.80 
	2.15 
	0.32 
	-5.91
	-3.09 

	Rural O2O
	700MHz FDD
	-14.3 
	-26.31 
	-19.61 
	-17.78 
	-18.96
	-19.41 
	-24.02 
	-12.31 
	-18.88 
	-14.20 
	-6.58 
	-9.67
	-14.31 
	-11.52 

	Rural O2I
	
	-11.69 
	-21.21 
	-17.71 
	-15.75 
	-17.18
	-17.6 
	-21.77 
	-10.41 
	-14.86 
	-12.24 
	-4.79 
	-8.13 
	-12.9 
	-10.06 



· Rural with long distance
Both LOS outdoor-to-outdoor and LOS outdoor-to-indoor are considered for rural scenario with long distance. And following carrier frequencies and frame structures are considered,
· 4GHz, DDDSU
· 4GHz, DDDSUDDSUU
· 700MHz FDD
In rural scenario with long distance coverage, due to LOS propagation environment, coverage performance will be better compared other scenarios assuming NLOS channel model, although the uplink channels still have poorer coverage compared to DL channels, the MPL is enough to meet 5km target ISD. Although PUSCH coverage seems a bit lower than other channels based on MCL and MIL, PUSCH is not considered as the bottleneck, as long as the target coverage can be fulfilled.
[bookmark: _Ref53667254]Table 5 Performance gap between MPL and pathloss corresponding to the target ISD for Rural with extemely long distance
	MCL gap(dB)
	Freq/DL-UL-Config
	PDSCH 
(eMBB)
	PDSCH 
(voip)
	PDCCH 
(UE)
	PDSCH
MSG2
	PDSCH
MSG4
	PDCCH 
(BC)
	SSB
	PUSCH 
(eMBB)
	PUSCH 
(voip)
	PUSCH
MSG3
	PRACH 
format B4
	PRACH
format 0
	PUCCH 
(PF1)
	PUCCH 
(PF3)

	Rural LOSO2O
	4GHz
DDDSU
	-26.42 
	-36.01 
	-29.7 
	-22.89 
	-23.17
	-21.61 
	-24.35 
	-15.05 
	-25.73 
	-19.49 
	-15.91 
	-18.89 
	-18.75 
	-17.69 

	Rural LOS O2I
	
	-21.15 
	-30.38 
	-24.04 
	-17.62 
	-18.06
	-15.98
	-18.91 
	-10.27 
	-18.84 
	-14.2 
	-10.15 
	-15.23 
	-13.05 
	-11.96 

	Rural LOS O2O
	4GHz
DDDSUDDSUU
	-27.32 
	-36.01 
	-29.7 
	-22.89 
	-23.17
	-21.61 
	-24.35 
	-16.47 
	-25.73 
	-19.49 
	-15.91 
	-18.89 
	-18.75 
	-17.69 

	Rural LOS O2I
	
	-21.99 
	-30.38 
	-24.04 
	-17.62 
	-18.06
	-15.98
	-18.91 
	-11.56 
	-18.84 
	-14.2 
	-10.15 
	-15.23 
	-13.05 
	-11.96 

	Rural LOS O2O
	700M FDD
	-24.28
	-34.63
	-29.59
	-28.88
	-28.89
	-29.6
	-32.8
	-19.72
	-26.02
	-20.91
	-18.36
	-21.01
	-22.26
	-20.05

	Rural LOS O2I
	
	-20.5
	-29.86
	-25.97
	-25.4
	-25.76
	-25.91
	-28.73
	-15.89
	-20.55
	-17.1
	-14.69
	-17.53
	-18.41
	-16.42


[bookmark: _Ref53683487]Observation 6: In urban with long distance scenario, there is no bottleneck channels based on target MPL.
· Summary of the coverage performance of physical channels
Based on the evaluation results and discussion above, the UL channels have inferior coverage performance compared to DL channels in general. PUSCH eMBB is the most significant bottleneck in several scenarios. PRACH and PUCCH format 3 become bottleneck channels in some scenarios, and MSG3 and voip may need enhancement only in rural 4GHz NLOS O-to-I scenario. For PUSCH voip, since PUSCH repetition and retransmission is assumed, better coverage can be achieved. However, for a high load cell, it may be too ideal to use so many repetitions for voip transmission, as shown in Appendix A. If limited number of PUSCH transmission occasions are allocated for PUSCH voip, coverage enhancement maybe still needed.
Besides, as discussed in [2], although PRACH formats with longer duration are already specified, the formats with long duration may not be deployed with some TDD frame structures. For example, PRACH format 0, which has about 1ms duration, is not feasible for DDDSU with 30kHz SCS, hence coverage enhancements for PRACH cannot be achieved by simply using a PRACH format with long duration.
[bookmark: _Ref53754768]Proposal 3: PUSCH, PUCCH and PRACH need to be enhanced for coverage enhancements.
1. Conclusion
In this contribution, we provide evaluation results and analysis on coverage performance of physical channels in urban and rural scenario for FR1, and we have the following observations and proposals:
Observation 1: The correction factor for the difference between broadcast and unicast, 
· is included in antenna gain component 2 for 2.6GHz and 4GHz in FR1, 
· is included in antenna gain components 3&4 for FR1 2GHz, if k=N=2 is assumed.
Proposal 1: The correction factor for gNB BF gain for broadcast channel should be considered in link budget template.
· In FR1, the correction factor is about 8dB for carrier frequency other than 700MHz; 
· 0dB for 700MHz.
Observation 2: The correction factor for gNB Rx BF gain for UL channels, associated with DL broadcast channel, is not necessary to consider in FR1.
Observation 3: The loss in gNB antenna gain due to tilt angle from the boresight direction of antenna panel is about 2.65dB for FR1.
Proposal 2: Target ISD for each scenario provided in TR 38.913 can be considered as baseline to identify the coverage bottleneck.
· A reasonable target ISD for Urban scenario should be selected, e.g. 350m.
Observation 4: In urban scenario, PUSCH eMBB is the bottleneck channel based on MIL, MCL and MPL; 
Observation 5: In Rural scenario, following channels are identified as bottleneck channels
· PUSCH eMBB, PRACH and PUCCH format 3 for TDD 4GHz/2.6GHz O2O and TDD 2.6GHz O2I
· All UL channels for TDD 4GHz O2I;
Observation 6: In urban with long distance scenario, there is no bottleneck channels based on target MPL.
Proposal 3: PUSCH, PUCCH and PRACH need to be enhanced for coverage enhancements.
Appendix A: Evaluation assumptions for physical channels
Table 6 evaluation assumption for FR1
	Parameter 
	Evaluation assumptions

	Number of gNB antenna port in LLS
	4 for 700MHz FDD
2 for others

	Number of UE antenna port in LLS
	1Tx/2Rx for 700MHz FDD
1Tx/4Rx for others

	PDSCH (eMBB)
	Around 1/3 code rate. All DL slots allocated for PDSCH for eMBB

	PDSCH (MSG2)
	72bits, MCS0

	PDSCH (MSG4)
	1040bits, MCS0

	PDSCH (voip)
	4 repetitions, 4 HARQ transmission times within 20ms period

	PUSCH (voip)
	Repetitions and HARQ retransmissions are confined within 20ms period, inter-slot frequency hopping is assumed
2 repetitions, 4 HARQ transmission times for DDDSU and DDDDDDSUU
2 repetitions, 6 HARQ transmission times for DDDSUDDSUU
4 repetitions, 4 HARQ transmission times for FDD


Appendix B: Evaluation results
· Urban
· 4GHz, DDDSU
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· 4GHz, DDDSUDDSUU
[image: ]
· 2.6GHz, DDDDDDDSUU
[image: ]
· Rural
· 4GHz, DDDSU
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· 4GHz, DDDSUDDSUU
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· 2.6GHz, DDDDDDDSUU
[image: ]
[image: ]
· 2GHz FDD
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· 700MHz FDD
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· Rural with long distance
· 4GHz, DDDSU
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· 4GHz, DDDSUDDSUU
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· 700MHz FDD
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