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Introduction
It has been observed that the misalignment between the BL/CE narrowband (NB) and the LTE resource block groups (RBG) may cause inefficient utilization of the downlink PRBs in certain traffic conditions. In this contribution we discuss the possibility of improving the PDSCH/PUSCH spectral efficiency by enabling a more flexible PDSCH/PUSCH resource allocation for BL/CE UEs.
[bookmark: _Ref178064866]Discussion
For higher category (>= Cat-0), resource allocation type 0 is the downlink allocation strategy that provides the highest spectrum utlilization and user throughput for scheduling a single user. Resource allocation type 1 do not provide the possibility to assign all PRBs to a single UE, and in order to better utilize the spectrum with resource allocation type 1 several users need to be scheduled in the same sub frame. Resource allocation type 2 requires consecutive PRB allocation and full PRB utilization will not be possible unless the narrowband is at either of the band-edges.
[bookmark: _Toc490153038][bookmark: _Toc490153103][bookmark: _Toc490228955][bookmark: _Toc490229024]Resource allocation type 0 is the allocation strategy that provides the highest spectrum utlilization and user throughput for downlink scheduling of a single higher category UE.
Since mobile broadband traffic often has a bursty nature, there are several subframes where only a single higher category (>= Cat-0) UE user is being active. Thus, there is an interest in optimizing the spectrum utliization for scheduling of one single higher category UE with resource allocation type 0 and one or several BL/CE UE in the same sub frame.
An example of scheduling one higher category UE while fully utilizing one narrowband for BL/CE traffic is displayed in Figure 1 for the case of 10MHz system bandwidth. The PRBs marked with blue are PRBs used for BL/CE traffic, the PRBs marked in green are PRBs used for the higher category UE, and the PRBs marked with red are PRBs that neither may be used by the BL/CE UE nor the higher category UE due to the misalignment between the narrowband and the resource block groups. In this example, the BL/CE narrowband will consume 9 out of 50 (18%) of the PRBs due to the blocking of 3 resource block groups.  The effect of the NB misalignment to the RBG is that 41 of 50 instead of 44 of 50 may be used for other traffic. Thus there is a (1-41/44) = 6.8% degradation of the efficiency due that some PRBs are in resource block groups contained in the narrowband.
[image: ]
[bookmark: _Ref481761257]Figure 1: Example of misalignment between the BL/CE narrowband and the LTE resource block group for system bandwidth 10MHz.
The effect of the misalignment between the BL/CE narrowband and the LTE resource block groups when scheduling PDSCH on all six PRBs in one narrowband on the possible utilization of PRBs for one higher category UE is outlined in Table 1 for all system bandwidths. 
Table 1: Effect of the unused PRBs due to the misalignment of narrowband and resource block group for PDSCH allocation of one single higher Category UE.
	System BW
	Total number of PRBs
	RBG size
	#RBGs per NB
	# unused PRBs due to one NB
	Effect of unused PRB
	Description of NB set

	
	
	
	Set #1
	Set #2
	Set #1
	Set #2
	Set #1
	Set #2
	Set #1
	Set #2

	1.4
	6
	1
	6
	N/A
	0
	N/A
	N/A
	N/A
	-

	3
	12
	2
	4
	3
	2
	0
	33,3%
	0%
	Low
	High

	5
	25
	2
	3
	4
	0
	2
	0%
	10,5%
	Low
	High

	10
	50
	3
	3
	3
	3
	3
	6,8%
	6,8%
	Low
	High

	15
	75
	4
	2
	3
	2
	6
	2,9%
	8,7%
	Even 
	Odd

	20
	100
	4
	2
	2
	2
	2
	2,1%
	2,1%
	Low
	High



 
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc481672896][bookmark: _Toc481696648][bookmark: _Toc481697036][bookmark: _Toc481758807][bookmark: _Toc481759197][bookmark: _Toc481761655][bookmark: _Toc481765714][bookmark: _Toc481765771][bookmark: _Toc481766044][bookmark: _Toc481766053][bookmark: _Toc490153039][bookmark: _Toc490153104][bookmark: _Toc490228956][bookmark: _Toc490229025]For the scenario of scheduling PDSCH for a single LTE user in conjunction to full utilization of one BL/CE narrowband, the misalignment between the BL/CE narrowband and the LTE resource block groups introduces a degradation of 0 to 10% of the PRB resource utilization, depending on the system bandwidth and which narrowband is used for the BL/CE users.
[bookmark: _Toc481765715][bookmark: _Toc481765772][bookmark: _Toc481766045][bookmark: _Toc481766054][bookmark: _Toc490153040][bookmark: _Toc490153105][bookmark: _Toc490228957][bookmark: _Toc490229026][bookmark: _Toc481696649][bookmark: _Toc481697037][bookmark: _Toc481758808][bookmark: _Toc481759198][bookmark: _Toc481761656]With a more flexible allocation of the downlink PRBs for the BL/CE users this degradation may be avoided.  
For the uplink scheduling, the higher category UE requires consecutive allocation of the PRBs and scheduling Cat-M users within narrowbands may cause unnecessary fragmentation of the spectrum. 
[bookmark: _Toc481696650][bookmark: _Toc481697038][bookmark: _Toc481758809][bookmark: _Toc481759199][bookmark: _Toc481761657][bookmark: _Toc481765716][bookmark: _Toc481765773][bookmark: _Toc481766046][bookmark: _Toc481766055][bookmark: _Toc490153041][bookmark: _Toc490153106][bookmark: _Toc490228958][bookmark: _Toc490229027]If a more flexible allocation is introduced for the PDSCH transmission of Cat-M UEs, a more flexible allocation may also be considered for the PUSCH transmission.
Due to the impact of the MPDCCH search space it is considered that the MPDCCH still should be confined to the current narrowbands.
[bookmark: _Toc481697039][bookmark: _Toc481758810][bookmark: _Toc481759200][bookmark: _Toc481761658][bookmark: _Toc481765717][bookmark: _Toc481765774][bookmark: _Toc481766047][bookmark: _Toc481766056][bookmark: _Toc490153042][bookmark: _Toc490153107][bookmark: _Toc490228959][bookmark: _Toc490229028]The more flexible resource allocation only applies to PDSCH and PUSCH.  MPDCCH is considered to still be necessary to be scheduled within narrowbands.
[bookmark: _Toc481758811][bookmark: _Toc481759201][bookmark: _Toc481761659][bookmark: _Toc481765718][bookmark: _Toc481765766][bookmark: _Toc481766048][bookmark: _Toc481766057][bookmark: _Toc490153043][bookmark: _Toc490153108][bookmark: _Toc490228960][bookmark: _Toc490229029]Consider introducing support for more flexible PDSCH/PUSCH resource allocation.

Conclusion
In section 2 we made the following observations:
Observation 1	Resource allocation type 0 is the allocation strategy that provides the highest spectrum utlilization and user throughput for downlink scheduling of a single higher category UE.
Observation 2	For the scenario of scheduling PDSCH for a single LTE user in conjunction to full utilization of one BL/CE narrowband, the misalignment between the BL/CE narrowband and the LTE resource block groups introduces a degradation of 0 to 10% of the PRB resource utilization, depending on the system bandwidth and which narrowband is used for the BL/CE users.
Observation 3	With a more flexible allocation of the downlink PRBs for the BL/CE users this degradation may be avoided.
Observation 4	If a more flexible allocation is introduced for the PDSCH transmission of Cat-M UEs, a more flexible allocation may also be considered for the PUSCH transmission.
Observation 5	The more flexible resource allocation only applies to PDSCH and PUSCH.  MPDCCH is considered to still be necessary to be scheduled within narrowbands.

Based on the discussion in section 2 we propose the following:
Proposal 1	Consider introducing support for more flexible PDSCH/PUSCH resource allocation.
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