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Introduction
It has been observed that on cell where only a single non-BL UE needs to be scheduled while LTE-M support is activated, the non-BL UE experience a loss of user throughput that cannot be explained only by the removal of the 6 PRB dedicated to the LTE-M narrowband. We show that the misalignment between the LTE-M narrowband (NB) and the LTE resource block groups (RBG) lead to an inefficient utilization of the downlink PRBs in such a traffic conditions. Therefore this contribution discuss of the interest of improving the spectral efficiency by enabling a more flexible resource allocation for LTE-M
[bookmark: _Ref178064866]Discussion
It has been observed that Resource Allocation Type 0 is widely used by mobile network operator around the world to optimize user experience. When only a single non-BL UE needs to be scheduled, Resource Allocation Type 0 is the only strategy that enables the allocation of a large number of noncontiguous PRBs within a given band to a single UE. This as two main benefits: 
· Maximize the instantaneous UE throughput for non-BL UE
· Maximize spectrum utilization when only a single non-BL UE need to be scheduled
As such situation where only one non-BL UE need to be scheduled during short period of time turn to be rather common with today mobile broadband traffic, there is a clear need for mobile operator to be able to maximize spectrum utilization when scheduling  a single non-BL UE.
Resource Allocation Type 0 is widely used by MNO as it is the strategy that allow operator to maximize spectrum utilization and downlink user throughput for when only a single non-BL UE needs to be scheduled.


Resource Allocation Type 0 relies on the concept of Resource Block Group (RBG). Each RBG is a group of n consecutive PRB in frequency domain, where the value of n scales from 2 to 4, depending on the system bandwidth as indicated in table X. In Resource Allocation Type 0, the resource allocation is made at the scale of the RBG instead of PRB.
	System BW (MHz)
	RBG Size (number of RBs)

	5
	2

	10
	3

	15
	4

	20
	4


Table 1: Resource Block Groups (RBG) size, in number of PRB, for various LTE system bandwidth
A LTE-M Narrow Band aggregate six consecutive PRB, so it can be understood that, depending on RBG alignment and the number of PRB per RBG, more than six PRB could be needed to allocate a Narrow Band when Resource Allocation Type 0 is used.

We can consider that LTE-M will be likely be deployed firstly on sub-GHz band for coverage reason. As 10 MHz band are typical in the sub-GHz region, we can consider a 10 MHz system bandwidth as a typically relevant example, as shown in figure 1.
[image: ]
Figure 1: Example of the misalignment of narrowband and resource block group, and consequence on the PRB availability for a 10 MHz LTE system bandwidth
In this situation it can be observed from figure 1 that 
· A downlink bandwidth of 10MHz contains 50 PRBs with a RBG size of 3, a LTE-m narrowband (NB) is composed of 6 consecutives PRBs 
· By not using the first and the last PRB, the 10MHz BW can fit 8 NBs
· Due to misalignment between RBGs and NBs, each NB will require the allocation of 3 RBGs despite the fact that RBG size (3 PRB) would have allowed the mapping of a NB (6 PRB) over only 2 RBG if they were properly aligned.
· The allocation of a NB will then block 9 PRB while only 6 will be used for BL-UE
As a consequence, the 3 remaining PRB will be unusable either for BL-UE or non-BL UE leading to 6.8% reduction of spectrum utilization and a degradation of the downlink cell throughput for non-BL UE. Given the scarcity and the high value of sub-GHz spectrum resources, this seems particularly regrettable.
If LTE-M deployment is made rather on capacity target rather than only coverage, it can be deployed also on higher and wider band. In this situation, a 20 MHz system bandwidth will be a typical situation. An illustration of such a situation is given in fig 2
[image: ]Figure 2: Example of the misalignment of narrowband and resource block group, and consequence on the PRB availability for a 20 MHz LTE system bandwidth

In this situation, it can be observed from figure 2 that
· A downlink bandwidth of 20MHz contains 100 PRBs with a RBG size of 4, a LTE-m narrowband (NB) is composed of 6 consecutives PRBs 
· By not using the first 2 PRBs and the last 2 PRBs, the 20MHz BW can fit 16 NBs
· Due to the non-integer ratio between NB size (6 PRB) and RBG size (4 PRB), the allocation of a NB will require at least (most favorable RBG / NB alignment) 2 RBG, which correspond to 8 PRB as shown for NB0 (in red) or NB1 (in green).
As a consequently, this will leave 2 PRB unusable either for BL UE and non-BL UE. Here again it will lead to the reduction of spectrum utilization and a degradation of the downlink cell throughput for non-BL UE.

An analysis on all existing LTE systems bandwidth is available in [1] and concludes that, depending on LTE system bandwidth and choice of narrowand set, this degradation scale between 0% and 33,3% and could be limited to 6.8% or less if the most favorable narrowband set is selected.

Due to misalignment between RBGs and NBs, the allocation of a NB will remove more than 6 PRB from the resource available for non-BL UE when Resource Allocation Type 0 is used.
Resource Allocation Type 0 is used with 15 and 20 MHz system bandwidth, the RBG size is such that Resource Allocation Type 0 won’t allow the allocation of only 6 PRB to a NB but will require at least 2 RBG (8 PRBs) even with the most favorable RBG / NB alignment. 
The waste of PRBs due to misalignment between RBGs and NBs reduces the spectrum utilization and degrades the downlink cell throughput for non-BL UE. It cannot be overcome by another resource allocation type when only one UE need to be scheduled.
As it can be understood from the above observations, solving this issue is not only a question of re-aligning RBGs and NBs but is rather a question related to the flexibility of the resource allocation mechanism. 
More flexibility of  the downlink resource allocation mechanism the BL UE would help to avoid or at least significantly reduce the above-mentioned degradations
A non-BL UE requires contiguous PRB allocation in uplink. As pointed out in [1], there is consequently a risk to see a loss of uplink spectrum utilization and a degradation of uplink user throughput when only a single non-BL UE need to be scheduled while the narrowband isn’t placed at one of the band edges. An increase of spectrum allocation flexibility could be beneficial to uplink as well as it would reduce this risk. 
However, addressing the allocation at the PRB level, as Resource Allocation mode 1 but with the ability to allocate up to the whole band to a single UE will have several drawbacks on DCI size and UE capability management that cannot be neglected. 
In addition, complexity and power consumption reduction required for BL-UE have been achieved thanks to several compromises among which one is the confinement of the MPDCCH into the narrowband. As low UE cost and very low UE power consumption remain critical features for the Internet of Things, this flexibility increase should not been made at the cost of putting those achievement at risk.
The increase of downlink / uplink resources allocation flexibility should not be made at the expense of significant increase of UE complexity or energy consumption.
Consider introducing a more flexible Uplink/ Downlink resource allocation for BL-UE . The increase of downlink / uplink resources allocation flexibility should not be made at the cost of significant increase of UE complexity or energy consumption.
Proposal 1	Consider the specification of a more flexible Uplink/Downling resource allocation mechanism for BL-UE in Rel. 15
Proposal 2	Take the necessary approach so that this flexibility increase doesn't lead to signficantly increased UE complexity or energy consumption.



Conclusion
Based on the discussion in section 2 we made the following proposal
Proposal 1	Consider the specification of a more flexible Uplink/Downlink resource allocation mechanism for BL-UE in Rel. 15
Proposal 2	Take the necessary approach so that this flexibility increase doesn't lead to signficantly increased UE complexity or energy consumption.


References
[1] 	R1-1712988 “Flexible PDSCH/PUSCH resource allocation for MTC”, source: Ericsson , 3GPP TSG-RAN WG1 Meeting #90
[bookmark: _In-sequence_SDU_delivery]


	1/4	
image2.png
PREs
RBGs
Nes





image1.png
01234356 7 8 5101112131415 1617 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49

PRES

RBGs o 1 2 3 4 s _|s 7 B s 10 11 1 13 14 15 [1s

NBs 0 1 3 4 s 6 7





