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1
Introduction

In this contribution we identify a possible issue resulting from the extended coverage capability defined in context of catM1 and NB1. We present some related scenarios where there is apparent need for the use of larger cell ranges, in line with larger cells requirement as already mentioned in [1] for air-to-ground communications and [2], hinted in [3] for NB-IoT, or for the evolution of LTE and/or NR as defined in [4].
2
Discussion
In LTE, the cell range (or cell radius) is dictated by the Preamble Format configuration according to Table 1.

Table 1 Preamble Formats and corresponding cell sizes and guard times.
	Preamble Format
	Guard time (ms)
	Cell radius (km)

	0
	0.097
	~14

	1
	0.516
	~77

	2
	0.197
	~30

	3
	0.716
	~107


The notion of larger cells can be interpreted in two ways:
· The need to use a larger cell range than the maximum existing in LTE (~107km).
· This occurs when the eNodeB is configured to cover larger areas but there is a need for even larger range coverage.
· The need to use a larger cell range than the configured cell range through the Preamble Format configuration.
· This occurs when the eNodeB is configured to cover a specific area but there is need for a larger coverage than the one provided by the Preamble Format configuration.
We refer to devices outside the cell radius of the Preamble Format configuration as extended range (ER) UEs. 

MTC devices have the capability of increasing the maximum coupling loss (MCL) using repetitions. The devices that support such coverage enhancement do not only improve the penetration path-loss sustainability (basement scenario), but also the distance related path-loss sustainability. However, the latter improvement cannot be realised due to the existing cell radius limitations. Thus, ER MTC devices would detect the cell as there is a sufficient effective SNR, but due to the cell radius/round trip delay design limitations they would never successfully attach. Such situations could result in repeated failed attempts for attachment that would eventually drain the device’s battery (see Figure 1).

[image: image1.png]Successful link

Failing link





Figure 1 The cell radius/RTT limitations cause attachment failure to extended range UEs.
Such larger-cell scenarios can occur in open space situations where MCT devices are located outside the normal coverage/radius of a legacy LTE cell, such as IoT applications for agriculture, maritime, avionics, etc. 

Observation 1: Improved MCL resulting of extended coverage feature allows also extended cell range. In such case, the system will be bounded by the access procedure and possibly the extended timing advance but not anymore by the channel attenuation. 

Observation 2: UE in such scenario may repeatedly fail access procedure, generating interference to the network and draining UE’s power.

It is worth to mention that a cell range extension feature does not have to be limited to MTC devices but shall be applicable to additional features for the evolution of LTE and NR such as NB-IoT, air-to-ground communications, and critical communication services (public safety, emergency/warning communications) as mentioned in section 9.3 of [4]. For standardization simplification purposes, we propose a unified solution over different devices.  
Proposal 1: An adopted cell range extension solution shall be common for all devices (LTE high UE categories, MTC, NB-IoT, and potentially NR) which wish to extend their communication range. 
2.1
Increased round trip time implications

The most significant implication of larger cells is the increased round-trip time (RTT) between the eNodeB and ER UEs. In such scenarios, ER UEs would not be able to successively perform the following procedures:

· Complete the RACH procedure, since UEs outside the configured cell radius would transmit their Preamble sequences fully or partially outside the eNodeB PRACH detection window.

· Transmit UL packets, since the ER UEs might not have sufficient time to prepare the uplink transmission due to the additional RTT. This can be due to either following cases:

· In FDD, any uplink grants received in subframe #n are required to be transmitted in subframe #n+4. However, for extreme RTT distribution, 4 subframes might not be enough time to prepare and transmit the uplink packet.

· In TDD during a special subframe, and due to the increased RTT, there is no sufficient time for the UE to receive the DL part of the subframe (during DwPTS) and perform any UL transmission (during UpPTS) as the GP part of the special subframe is now too short. This is because the GP length corresponds to a specific RTT which depends on the special subframe configuration.

· In HD-FDD, neither type A, nor type B provides a lengthy enough guard period.

· Receive an extended timing advance (TA), as a result of the increased round-trip time.

An obvious solution would be to adjust the PRACH window length and introduce additional structure type 2 uplink/downlink configurations to fit the newly defined extended cell ranges. However, these adjustments would be applicable to all UEs located in an extended cell, resulting to a significant degradation of the spectral efficiency of that cell. Also, legacy UEs would not be able to use a cell configured with a newly introduced UL/DL configuration. 

Observation 3: The number of UEs located outside the configured cell radius is quite smaller than the UEs located within the configured cell radius. The spectral efficiency of the cell shall not be decreased just to allow a connection of these extended range UEs.
Thus, ideally, the adopted solution should:

· Keep the UL and DL spectral efficiency the same.

· Avoid extension of the PRACH detection window.

· Avoid increased guard periods in the structure type 2 special subframes.

· Keep backward compatibility with legacy UEs unaware of the cell range extension feature.

· Avoid new structure type 2 UL/DL configurations.

Given Observation 3, the initiative of ER UEs attaching to a cell shall be taken by the ER UEs themselves, when necessary. This would keep cell spectral efficiency the same and would avoid the eNodeB’s extra detection effort of a larger PRACH window.
Proposal 2: An extended range UE wishing to use the cell range extension feature shall, under certain circumstances, be able to adjust its Msg1 transmission in order to complete the initial attachment to the cell, without the need to change the PRACH design.
Finally, the eNodeB shall be able to do all the necessary adjustments to its functionality per RE UE in order to allow it to complete its attachment and perform all other procedures (data exchange, measurement reports, HARQ reports, CSI reports, etc.).
Proposal 3: When an extended range UE is detected by a cell which supports cell range extension, the cell shall adjust its operation towards the UE, in order to allow the UE’s proper connectivity.
3
Conclusions
The following proposals for the cell range extension feature were presented:

Proposal 1: The adopted cell range extension solution shall be common for all devices (LTE high UE categories, MTC, NB-IoT, and potentially NR) which wish to extend their communication range.
Proposal 2: An extended range UE wishing to use the cell range extension feature shall, under certain circumstances, be able to adjust its Msg1 transmission in order to complete the initial attachment to the cell, without the need to change the PRACH design.
Proposal 3: When an extended range UE is detected by a cell which supports cell range extension, the cell shall adjust its operation towards the UE, in order to allow the UE’s proper connectivity.
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