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Introduction
The revised WID for Rel-15 on ’Even further enhanced MTC for LTE’ [1] has updated objectives on
· Increased PDSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· Specify optional support for 64QAM for unicast PDSCH (no UE peak rate increase is intended).
· [bookmark: _Hlk504651422]Introduce support for more flexible starting PRB for PDSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PDSCH channel bandwidth.
· Increased PUSCH spectral efficiency [RAN1 lead, RAN2, RAN4]
· E.g. sub-PRB resource allocation, with no less than 3 subcarriers within a sub-PRB allocation.
· Introduce support for more flexible starting PRB for PUSCH resource allocation in connected mode at least for UE operating in CE mode A/B configured with 1.4 MHz max PUSCH channel bandwidth.
At RAN1 #92 the following agreements were made: 
Agreement
For a BL/CE UE, higher layer signaling enable/disable
· the more flexible starting PDSCH PRB
· the more flexible starting PUSCH PRB
This makes no assumption about signaling details
Agreement
· For a BL/CE UE configured with flexible starting PDSCH PRB and max 1.4 MHz PDSCH channel bandwidth,
· PDSCH frequency hopping is supported.
· Details of frequency hopping is FFS
· For a BL/CE UE configured with flexible starting PUSCH PRB and max 1.4 MHz PUSCH channel bandwidth,
· PUSCH frequency hopping is supported.
· Details of frequency hopping is FFS
At RAN1 #92bis the following agreements were made: 

Agreement
At least for BL/CE UE configured without other Rel-14/15 features, DCI size after padding is not increased in order to support flexible starting PRB. 
Note: For PUSCH and PDSCH, the solution may or may not be the same
Note: The solution may or may not be the same for FDD and TDD
In this contribution we discuss the design of the Resource Allocation (RA) and DCI for the more flexible starting PRB for PUSCH and PDSCH. 
Discussion
A summary of the RAN-91bis contributions are made in [8] with the following observations:
For PDSCH:
i. For CE mode A, Use the unused 11 states in DCI format 6-1A to extend RA.
ii. In CE mode B, for PDSCH, introduce 1 bit in RRC to indicate shift of narrow band to align with RBG. The PRB shift definition depends on the system bandwidth and the allocated NB.
For PUSCH:
iii. No increase of DCI size for PUSCH in CE mode A. FFS: solution #1/#2a/#b/#3 until next meeting.
iv. In CE mode B, for PUSCH introduce 1 bit in RRC to indicate shift of narrow band to align with RBG. The PRB shift definition depends on the system bandwidth and the allocated NB.
A background to the topic is presented in Appendix A in Section 5 and this subsection discusses the remaining open issues. With respect to proposals i) to iii) of [8], the following open issues are identified:
i. Definition of RIV values 21-31 for CE Mode A PDSCH
ii. Definition of NB shift for CE mode B and PDSCH (the shift will be dependent on both the system bandwidth and the narrowband within the system bandwidth)
iii. Use of 1 extra bit in UL DCI 6-0A for FDD to allow for using PUSCH resource allocation type 2 within the complete system bandwidth or using the RIV values 21-31 for a partial flexibility (a definition of the values is needed and the conflict with 5MHz UE BW needs to be resolved). 
With respect to proposal iv) of [8], it is considered that 2 bit RRC signalling may be used to obtain the possibility of configuring UEs for full flexibility of the CE mode B PUSCH resource allocations. 
Finally, the impact of frequency hopping needs to be considered. 
PDSCH Resource allocation
PDSCH for CE mode A and 1.4 MHz BL/CE UE
It is observed (see Observation 7 - Observation 10) that the DCI format 6-1A for FDD is larger than DCI format 6-0A. Thus, for PDSCH allocation it is desirable to keep the size of the DCI format 6-1A. 
As outlined in Section 5.3.2, the RIV values 21-31 may be used to extend the number of starting PRBs for the allocation, and an example of the usage of these 11 RIV values is shown in Figure 1 and detailed in Table 1. 
In this example, all resource allocations except 5 PRBs can be allocated with all PRBs within the system bandwidth as the starting position of the resource allocation. Although this choice of resource allocation allows for packing several BL/CE UEs “back-to-back” with a large degree of flexibility, it suffers from that the allocation of 5 PRBs are still restricted to two starting PRBs within each narrowband. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\UnusedRIV-values.png]
[bookmark: _Ref510638416]Figure 1: Usage of RIV values 21-31 to allow for a more flexible starting PRB of the PDSCH allocation. 
[bookmark: _Ref510704965]Table 1: Usage of RIV values 21-31.
	RIV
	Number of PRBs
	Start PRB

	21
	2
	5

	22
	3
	4

	23
	3
	5

	24
	4
	3

	25
	4
	4

	26
	4
	5

	27
	6
	1

	28
	6
	2

	29
	6
	3

	30
	6
	4

	31
	6
	5


 
An alternative usage of the 11 RIV values is to optimize the selected allocations for the different system bandwidths and narrowband locations. The relation of the RBGs to the narrowbands for the different system bandwidths is depicted in Figure 5 (Appendix A in Section 5). The alignment of the resource allocation to the RBGs is shown in Figure 9 - Figure 12 in the Appendix B in Section 6 for the different system bandwidths. From the diagrams it can be observed that although the starting PRB for the 5 PRB allocation is limited to only two PRBs within each narrowband, these two assignments can be used to minimize the number of unused PRBs due to RBG conflict. Thus, the proposed usage of the RIV values as outlined in Figure 1 is suitable for all system bandwidths and may be used to align the allocations of different BL/CE UEs with minimal usage of the number of RBGs. 
[bookmark: _Toc510096645][bookmark: _Toc510538295][bookmark: _Toc510538404][bookmark: _Toc510602951][bookmark: _Toc510609684][bookmark: _Toc510609768][bookmark: _Toc510609780][bookmark: _Toc510609806][bookmark: _Toc510609851][bookmark: _Toc510698729][bookmark: _Toc510699180][bookmark: _Toc510702868][bookmark: _Toc510705016][bookmark: _Toc510726930][bookmark: _Toc510800083][bookmark: _Toc510800118][bookmark: _Toc510800304][bookmark: _Toc510801592][bookmark: _Toc513192895][bookmark: _Toc513193026][bookmark: _Toc513635330][bookmark: _Toc513643182][bookmark: _Toc513647099][bookmark: _Toc513656508][bookmark: _Toc513659482][bookmark: _Toc513660075][bookmark: _Toc513820087][bookmark: _Toc513820364][bookmark: _Toc513821100]For PDSCH in CE mode A and 1.4 MHz BL/CE UE, use the RIV values 21-31 to extend the starting PRB for the resource allocation, with the RIV values 21-31 defined as in Table 1.
PDSCH for CE mode B and 1.4 MHz BL/CE UE
For the downlink resource allocation in CE mode B either 4 or 6 PRBs can be allocated. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PDSCH CE mode B 1.4MHz.png]
Figure 2: PDSCH resource block assignment within narrowband for 1.4 MHz BL/CE UE.
In CE mode A it is considered important that PDSCH can be scheduled back-to-back with MPDCCH to obtain maximum throughput. This ability is not considered to be equally important for CE mode B, considering that CE mode B typically would include a large amount of repetitions. Thus, to increase the flexibility without adding extra bits to the DCI, it is considered that a UE can be configured via RRC signaling to shift the starting PRB of the allocation either forward or backward to better align to the RBGs.
The alignment of the RBGs to the narrowbands differs for different system bandwidths (see e.g. Figure 5). The following may be observed for the different system bandwidths:
· 1.4MHz: 	The resource assignment is already aligned with the 6 PRBs
· 3MHz:	The lower narrowband (NB0) has a one PRB misalignment to the RBG whereas the upper narrowband (NB1) is aligned with the RBG
· 5MHz: 	The lower half of the narrowbands (NB0 and NB1) are already aligned with the RBGs whereas the upper half of the narrowbands (NB2 and NB3) has a one PRB misalignment to the RBGs
· 10MHz:	All narrowbands have one PRB misalignment to the RBGs
· 15MHz:	The alignment of the narrowbands to the RBG differs between even and odd narrowbands and lower (NB0 to NB5) and upper (NB6 to NB11) half of the narrowbands. For the upper half of the narrowbands, either the first or the last PRB of a narrowband is aligned with an RBG border. For the lower half of the groups of narrowbands, either the first or the last PRB of a narrowband will be aligned to an RBG border if the narrowband is shifted by 1 PRB towards PRB0. 
Since the RBG size for this system bandwidth is equal to 4 PRBs, there will always be 2 unused PRBs in an RBG when 6 PRBS are allocated for a BL/CE UE. Thus, it is considered that there are no benefits of further discriminating the shift to e.g. make a narrowband always be aligned with the starting PRB of an RBG.
20MHz:	Similar to the discussion for the 15MHz system bandwidth, either the first or the last PRB of a narrowband is aligned with an RBG border and the RBG size is 4 PRBs. Thus, it is considered that there are no benefits of further discriminating the shift to e.g. make a narrowband always be aligned with the starting PRB of an RBG.
Based on the observations above, the proposal for aligning the narrowband borders to the RBG borders is summarized in Table 2.
[bookmark: _Ref510690121]Table 2: Shift of starting PRB for PDSCH resource allocation in CE mode B.
	System BW [MHz]
	Total number of PRBs
	RBG size
	Number of NB
	Effect of RRC configured shift of narrowband

	1.4
	6
	1
	1
	None

	3
	15
	2
	2
	Lower half of group of NBs: 
Shift 1 PRB towards center
	Upper half of groups of NBs: 
None

	5
	25
	2
	4
	Lower half of group of NBs: 
None
	Upper half of group of NBs: 
Shift 1 PRB towards center

	10
	50
	3
	8
	All NBs: 
Shift 1 PRB towards lower PRB

	15
	75
	4
	12
	Lower half of group of NBs: 
Shift 1 PRB towards center
	Upper half of group of NBs: 
None

	20
	100
	4
	16
	None



[bookmark: _Toc510609685][bookmark: _Toc510609769][bookmark: _Toc510609781][bookmark: _Toc510609807][bookmark: _Toc510609852][bookmark: _Toc510698730][bookmark: _Toc510699181][bookmark: _Toc510702869][bookmark: _Toc510705017][bookmark: _Toc510726931][bookmark: _Toc510800084][bookmark: _Toc510800119][bookmark: _Toc510800305][bookmark: _Toc510801593][bookmark: _Toc513192896][bookmark: _Toc513193027][bookmark: _Toc513635331][bookmark: _Toc513643183][bookmark: _Toc513647100][bookmark: _Toc513656509][bookmark: _Toc513659483][bookmark: _Toc513660076][bookmark: _Toc513820088][bookmark: _Toc513820365][bookmark: _Toc513821101]For PDSCH in CE mode B and 1.4 MHz BL/CE UE, use an RRC indication (ON/OFF) to semi-statically adjust the starting PRB of the resource allocation according to Table 2.
[bookmark: _Ref513651021]PUSCH Resource allocation
In addition to support allocating BL/CE UEs adjacent to PRACH and PUCCH resource, a flexible resource allocation for PUSCH should also consider aligning to allocations for higher category UEs. 
Higher category UEs may use uplink resource allocation type 0 or type 1 [3]. Resource allocation type 0 indicates a set of contiguously allocated resource blocks from a starting resource block selected from all PRBs. Resource allocation type 1 indicates two sets resource blocks with each set including one or more consecutive resource block groups. 
It should be noted that uplink resource allocation type 1 is not available in DCI 0 with frequency hopping [4]. Furthermore, an allocation strategy that can be aligned to uplink resource allocation type 0 will also be possible to align to uplink resource allocation type 1. 
PUSCH for CE mode A and 1.4 MHz BL/CE UE
FDD
As outlined in Section 5.3.1, a full flexibility of the starting PRB can be obtained by increasing the Resource block assignment field by 1 bit.  Since the number of bits in DCI format 6-0A for FDD is less that the number of bits in DCI format 6-1A (see Observation 7 - Observation 10), the DCI size after padding is not increased by adding one bit to DCI 6-0A.   
[bookmark: _Toc506310976][bookmark: _Toc506311816][bookmark: _Toc506311834][bookmark: _Toc506455344][bookmark: _Toc506456775][bookmark: _Toc506457093][bookmark: _Toc506464641][bookmark: _Toc506465501][bookmark: _Toc506465596][bookmark: _Toc506466215][bookmark: _Toc506467170][bookmark: _Toc506467888][bookmark: _Toc506467942][bookmark: _Toc506468088][bookmark: _Toc506468236][bookmark: _Toc506468320][bookmark: _Toc506468346][bookmark: _Toc506559813][bookmark: _Toc510096647][bookmark: _Toc510538297][bookmark: _Toc510538406][bookmark: _Toc510602953][bookmark: _Toc510609686][bookmark: _Toc510609770][bookmark: _Toc510609782][bookmark: _Toc510609808][bookmark: _Toc510609853][bookmark: _Toc510698731][bookmark: _Toc510699182][bookmark: _Toc510702870][bookmark: _Toc510705018][bookmark: _Toc510726932][bookmark: _Toc510800085][bookmark: _Toc510800120][bookmark: _Toc510800306][bookmark: _Toc510801594][bookmark: _Toc513192897][bookmark: _Toc513193028][bookmark: _Toc513635332][bookmark: _Toc513643184][bookmark: _Toc513647101][bookmark: _Toc513656510][bookmark: _Toc513659484][bookmark: _Toc513660077][bookmark: _Toc513820089][bookmark: _Toc513820366][bookmark: _Toc513821102][bookmark: _Hlk513653902]For FDD and PUSCH in CE mode A and 1.4 MHz BL/CE UE, use Resource allocation type 2 with starting PRB within the full system BW.
TDD
Similarly to the case for PDSCH, a more flexible resource allocation (although not a full flexibility) may be obtained by using the 11 RIV values 21-31. With the proposed RIV values as in Table 1, an allocation of 1, 2, 3, 4, and 6 consecutive PRBs from any starting PRB within the system bandwidth can be indicated. The allocation of 5 PRBs can however only use the first and second PRB within a narrowband as the starting PRB (i.e. only 2 out of 6 possible allocations for 5 PRBs can be used), see Figure 1.
[bookmark: _Toc513635333][bookmark: _Toc513643185][bookmark: _Toc513647102][bookmark: _Toc513656511][bookmark: _Toc513659485][bookmark: _Toc513660078][bookmark: _Toc513820090][bookmark: _Toc513820367][bookmark: _Toc513821103]For TDD and PUSCH in CE mode A, if the RIV values 21-31 are used to extend the starting PRB for PUSCH resource allocation, the RIV values 21-31 are defined as in Table 1.
The Resource block assignment field in DCI 6-0A specifies that if the 5 least significant bits (corresponding to the RIV values) are greater than 20, then uplink resource allocation type 4 shall be used [4]. Uplink resource allocation type 4 is only applicable for BL/CE UEs configured for 5MHz transmission bandwidth. 
[bookmark: _Toc513635322][bookmark: _Toc513643173][bookmark: _Toc513647088][bookmark: _Toc513656497][bookmark: _Toc513659471][bookmark: _Toc513660064][bookmark: _Toc513820076][bookmark: _Toc513820353][bookmark: _Toc513821089]PUSCH resource allocation type 4 for 5MHz BL/CE UE in CE mode A already use the “unused” RIV values 21-31.
Thus, for BL/CE UEs there is a conflict of using RIV values 21-31 for increasing the flexibility of the starting PRB for PUSCH resource allocations for allocations of up to 6 PRBs with allocations within the full 5MHz UE bandwidth.
[bookmark: _Toc513635334][bookmark: _Toc513643186][bookmark: _Toc513647103][bookmark: _Toc513656512][bookmark: _Toc513659486][bookmark: _Toc513660079][bookmark: _Toc513820091][bookmark: _Toc513820368][bookmark: _Toc513821104]Flexible starting PUSCH PRB for BL/CE UE configured with 5 MHz max PUSCH channel bandwidth is not considered further in Rel-15.
 
PUSCH for CE mode B and 1.4 MHz BL/CE UE
For the uplink resource allocation in CE mode B either 1 or 2 PRBs can be allocated. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PUSCH type 2.png]
Figure 3: PUSCH CE mode B type 2 resource block assignment.
For 1 PRB allocation, all PRBs within the system bandwidth can be allocated via the current design, but the assignment of 2 PRB is constrained to use either the first or third PRB as the starting PRB within the narrowband.  
To increase the flexibility without adding extra bits to the DCI, it is considered that a UE can be configured via RRC signaling to shift the starting PRB of the allocation by either of {1, 2, 3} PRBs towards higher PRB index of the system bandwidth. This will allow for adjusting the allocation to e.g. PUCCH and PRACH regions at the edges of the spectrum. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\Shifted PDSCH CE mode B 1.4MHz.png]
Figure 4: Allocation of PUSCH CE mode B type 2 resource block assignment with shifted starting PRB.
[bookmark: _Toc510602954][bookmark: _Toc510609687][bookmark: _Toc510609771][bookmark: _Toc510609783][bookmark: _Toc510609809][bookmark: _Toc510609854][bookmark: _Toc510698732][bookmark: _Toc510699183][bookmark: _Toc510702871][bookmark: _Toc510705019][bookmark: _Toc510726933][bookmark: _Toc510800086][bookmark: _Toc510800121][bookmark: _Toc510800307][bookmark: _Toc510801595][bookmark: _Toc513192898][bookmark: _Toc513193029][bookmark: _Toc513635335][bookmark: _Toc513643187][bookmark: _Toc513647104][bookmark: _Toc513656513][bookmark: _Toc513659487][bookmark: _Toc513660080][bookmark: _Toc513820092][bookmark: _Toc513820369][bookmark: _Toc513821105][bookmark: _GoBack]For PUSCH in CE mode B and 1.4 MHz BL/CE UE, use RRC signaling to semi-statically adjust the starting PRB of the resource allocation for 2 PRBs by {1, 2, 3} PRBs towards higher PRB index.
Frequency hopping for flexible resource allocation
If frequency hopping is enabled for BL/CE UEs, the same PRB resources within the narrowband are allocated, but the allocated narrowband is modified based on the cell-specific higher layer parameter specifying a narrowband offset for the hopping [5]. 
PDSCH
To fully utilize the benefits of a flexible resource allocation when using frequency hopping, the downlink resource assignment should be aligned with the resource block groups for both the two narrowbands that is used when hopping.
CE mode A
The alignment of the RBGs to the narrowbands differs both for different system bandwidths and for the different narrowbands within a system bandwidth, see e.g. Figure 5. Table 3 summarizes the alignment of the narrowbands to the resource block groups for the respective system bandwidths.
[bookmark: _Ref513640592]Table 3: Alignment of narrowband to resource block groups.
	System BW [MHz]
	Total number of PRBs
	RBG size
	Number of NB
	Alignment of narrowband to resource block groups

	1.4
	6
	1
	1
	N/A

	3
	15
	2
	2
	NB1 is shifted 1 PRB compared to NB0

	5
	25
	2
	4
	Upper half group of narrowbands (NB2 and NB3) is shifted 1 PRB compared to lower half group of narrowbands (NB0 and NB1)

	10
	50
	3
	8
	All narrowbands have the same alignment to the resource block groups

	15
	75
	4
	12
	Upper half group of narrowbands (NB6 to NB11) is shifted 1 PRB compared to lower half group of narrowbands (NB0 to NB5)
Within the lower and upper half of group of narrowbands, all narrowbands with even index (NB0, NB2, …) have the same alignment to the resource block groups, and all narrowbands with odd index (NB1, NB3, …) have the same alignment to the resource block groups

	20
	100
	4
	16
	All narrowbands with even index (NB0, NB2, …) have the same alignment to the resource block groups, and all narrowbands with odd index (NB1, NB3, …) have the same alignment to the resource block groups



It can be observed that for 10MHz system bandwidth, all narrowband offsets will result in PRB allocations that are aligned for both the narrowbands used in frequency hopping.
Similarly, for 20MHz system bandwidth, a frequency hopping narrowband offset of an even number of narrowbands will result in PRB allocations that are aligned for both the narrowbands used in frequency hopping.
[bookmark: _Toc493865080][bookmark: _Toc493865746][bookmark: _Toc493865794][bookmark: _Toc494296731][bookmark: _Toc494297002][bookmark: _Toc494297085][bookmark: _Toc494476237][bookmark: _Toc513643174][bookmark: _Toc513647089][bookmark: _Toc513656498][bookmark: _Toc513659472][bookmark: _Toc513660065][bookmark: _Toc513820077][bookmark: _Toc513820354][bookmark: _Toc513821090]For 10MHz and 20MHz system bandwidths, there are frequency hopping offset values that will result in PRB allocations that are aligned for both the narrowbands used in frequency hopping.
[bookmark: _Toc513647090][bookmark: _Toc513656499][bookmark: _Toc513659473][bookmark: _Toc513660066][bookmark: _Toc513820078][bookmark: _Toc513820355][bookmark: _Toc513821091]For the system bandwidths of 3MHz, 5MHz, and 15MHz, there is a need to adjust the starting PRB of the narrowband used for frequency hopping to align both the narrowbands used for frequency hopping. 
For the system bandwidths of 3MHz, 5MHz, and 15MHz, one source for the misalignment to the resource block groups for the two narrowbands used in frequency hopping is if the two narrowbands are on opposite sides of the center frequency of the system bandwidth. 
For 15MHz system bandwidth, a second source for the misalignment is if the narrowband index is odd or even. Similarly as for 20MHz system bandwidth, a frequency hopping narrowband offset of an even number of narrowbands will result in PRB allocations that are aligned for both the narrowbands used in frequency hopping.
Thus, to obtain frequency hopping offset values that will result in PRB allocations that are aligned for both the narrowbands used in frequency hopping also for system bandwidths of 3MHz, 5MHz, and 15MHz, it is sufficient to shift the narrowband used for frequency hopping by 1 PRB if the two narrowbands are on opposite sides of the system bandwidth.
[bookmark: _Toc513820093][bookmark: _Toc513820370][bookmark: _Toc513647105][bookmark: _Toc513656514][bookmark: _Toc513659488][bookmark: _Toc513660081][bookmark: _Toc513821106]For flexible starting PRB for PDSCH and CE mode A and system bandwidth 10MHz and 20MHz, the legacy BL/CE UE frequency hopping is followed
[bookmark: _Toc513820094][bookmark: _Toc513820371][bookmark: _Toc513821107]For flexible starting PRB for PDSCH and CE mode A and system bandwidth 3MHz, 5MHz, and 15MHz, the legacy BL/CE UE frequency hopping is followed with the exception that an additional shift of 1 PRB towards the center frequency is applied to the frequency hopping narrowband if the original narrowband and the frequency hopping narrowband are on opposite sides of the center frequency.
CE mode B
For PDSCH CE mode B, it is proposed to use an RRC indication to semi-statically adjust the starting PRB of the resource allocation to align to the resource block groups, as outlined in Table 2. Since the same adjustment also will apply to the narrowband that results from frequency hopping, alignment to the RBG will be inherent in the proposed solution for flexible PDSCH resource allocation in CE mode B. 
[bookmark: _Toc513647091][bookmark: _Toc513656500][bookmark: _Toc513659474][bookmark: _Toc513660067][bookmark: _Toc513820079][bookmark: _Toc513820356][bookmark: _Toc513821092]Alignment to the resource block group for frequency hopping is inherent in the proposed solution for flexible PDSCH resource allocation in CE mode B.
[bookmark: _Toc513647106][bookmark: _Toc513656515][bookmark: _Toc513659489][bookmark: _Toc513660082][bookmark: _Toc513820095][bookmark: _Toc513820372][bookmark: _Toc513821108]For flexible starting PRB for PDSCH and CE mode B, the legacy BL/CE UE frequency hopping is followed.
PUSCH
As discussed in Section 2.2, the objective of the flexible PUSCH resource allocation is to support allocating BL/CE UEs adjacent to PRACH and PUCCH resource. Since the frequency hopping is a number of narrowbands, it is not considered feasible to align the allocation of the PRBs to the band edges for both the original and the hopping narrowband. Thus, the legacy frequency hopping for BL/CE UEs can be followed without modifications.
For FDD and PUSCH CE mode A it is proposed to use Resource allocation type 2 with starting PRB within the full system BW.  Since this allocation do not explicitly include a narrowband to be used in the computation of the hopping narrowband, it is proposed to implicitly define the narrowband for the allocation as the narrowband of the starting PRB of the allocation [5]. This implicitly defined narrowband is used as in legacy BL/CE UE PUSCH frequency to compute the hopping narrowband.
[bookmark: _Toc513656516][bookmark: _Toc513659490][bookmark: _Toc513660083][bookmark: _Toc513820096][bookmark: _Toc513820373][bookmark: _Toc513821109]For flexible starting PRB for PUSCH and CE mode A with Resource allocation type 2 with starting PRB within the full system BW, an implicit narrowband used for computing the frequency hopping narrowband is defined as the narrowband that contains the starting PRB of the allocation.
[bookmark: _Toc513656517][bookmark: _Toc513659491][bookmark: _Toc513660084][bookmark: _Toc513820097][bookmark: _Toc513820374][bookmark: _Toc513821110]For flexible starting PRB for PUSCH resource allocation, the legacy BL/CE UE frequency hopping is followed.
Conclusion
The following observations are made:
Observation 1	PUSCH resource allocation type 4 for 5MHz BL/CE UE in CE mode A already use the “unused” RIV values 21-31.
Observation 2	For 10MHz and 20MHz system bandwidths, there are frequency hopping offset values that will result in PRB allocations that are aligned for both the narrowbands used in frequency hopping.
Observation 3	For the system bandwidths of 3MHz, 5MHz, and 15MHz, there is a need to adjust the starting PRB of the narrowband used for frequency hopping to align both the narrowbands used for frequency hopping.
Observation 4	Alignment to the resource block group for frequency hopping is inherent in the proposed solution for flexible PDSCH resource allocation in CE mode B.

Observation 5	Resource allocation type 2 may be used for flexible starting PRB allocation and address all consecutive groups of {0, 1, 2, 3, 4, 5} PRBs by selecting the starting PRB  from all PRBs within the system bandwidth. This requires an extra bit in the Resource allocation field in the DCI
Observation 6	The unused RIV values in resource allocation type 2 may be used to increase the flexibility of the starting PRB without increasing the size of the DCI field, but do not provide a full flexibility of the starting PRB.
Observation 7	For CE mode A and FDD and a system configuration for minimum DCI, the total size of DCI format 6-1A is one bit larger than DCI format 6-0A.
Observation 8	For CE mode A and TDD and a system configuration for minimum DCI, the total size of DCI format 6-1A and DCI format 6-0A is the same.
Observation 9	For CE mode A and configuring a UE with Rel-14 enhancements (PUSCH and scheduling enhancements as well as HARQ-ACK bundling) results in that DCI format 6-1A is 3 bits larger than format 6-0A for FDD and 2 bits larger for TDD.
Observation 10	Use of TM6 or TM9 further increases the size of DCI format 6-1A.
Observation 11	For CE mode B, the size of DCI formats 6-0B and 6-1B is the same.

Based on the discussion above we propose the following:

Proposal 1	For PDSCH in CE mode A and 1.4 MHz BL/CE UE, use the RIV values 21-31 to extend the starting PRB for the resource allocation, with the RIV values 21-31 defined as in Table 1.
Proposal 2	For PDSCH in CE mode B and 1.4 MHz BL/CE UE, use an RRC indication (ON/OFF) to semi-statically adjust the starting PRB of the resource allocation according to Table 2.
Proposal 3	For FDD and PUSCH in CE mode A and 1.4 MHz BL/CE UE, use Resource allocation type 2 with starting PRB within the full system BW.
Proposal 4	For TDD and PUSCH in CE mode A, if the RIV values 21-31 are used to extend the starting PRB for PUSCH resource allocation, the RIV values 21-31 are defined as in Table 1.
Proposal 5	Flexible starting PUSCH PRB for BL/CE UE configured with 5 MHz max PUSCH channel bandwidth is not considered further in Rel-15.
Proposal 6	For PUSCH in CE mode B and 1.4 MHz BL/CE UE, use RRC signaling to semi-statically adjust the starting PRB of the resource allocation for 2 PRBs by {1, 2, 3} PRBs towards higher PRB index.
Proposal 7	For flexible starting PRB for PDSCH and CE mode A and system bandwidth 10MHz and 20MHz, the legacy BL/CE UE frequency hopping is followed
Proposal 8	For flexible starting PRB for PDSCH and CE mode A and system bandwidth 3MHz, 5MHz, and 15MHz, the legacy BL/CE UE frequency hopping is followed with the exception that an additional shift of 1 PRB towards the center frequency is applied to the frequency hopping narrowband if the original narrowband and the frequency hopping narrowband are on opposite sides of the center frequency.
Proposal 9	For flexible starting PRB for PDSCH and CE mode B, the legacy BL/CE UE frequency hopping is followed.
Proposal 10	For flexible starting PRB for PUSCH and CE mode A with Resource allocation type 2 with starting PRB within the full system BW, an implicit narrowband used for computing the frequency hopping narrowband is defined as the narrowband that contains the starting PRB of the allocation.
Proposal 11	For flexible starting PRB for PUSCH resource allocation, the legacy BL/CE UE frequency hopping is followed.
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[bookmark: _Ref513193801]Appendix A: Background
As discussed in [2], 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. Also, for the uplink the allocation of BL/CE UEs with the current narrowbands may lead to inefficient utilization of the uplink PRBs. 
The alignment between the CE mode narrowbands and the downlink RBG for system bandwidth 3 to 20 MHz is depicted in Figure 5. 

[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\NarrowbandAndRbg.png]
[bookmark: _Ref505936912]Figure 5: Alignment between CE mode narrowband and downlink resource block groups (RBG).
The effect of the misalignment between the BL/CE NB and the RBG on the possible utilization of PRBs for one higher category UE when scheduling PDSCH on all 6 PRBs of one narrowband is outlined in Table 4. 
[bookmark: _Ref505937880]Table 4: 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 [MHz]
	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
	0
	0%
	N/A

	3
	15
	2
	4
	3
	2
	0
	33,3%
	0%
	Low NB
	High NB

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

	10
	50
	3
	3
	3
	6,8%
	N/A

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

	20
	100
	4
	2
	2
	2,1%
	N/A



To allow large number of consecutive groups of PRBs to be allocated in the uplink, PUCCH and PRACH may be allocated near the edges of the LTE system bandwidth. Thus, in practice, it might be difficult to utilize the narrowbands closest to the edges of the LTE system bandwidth and allocating the BL/CE UE in a narrowband which is not directly adjacent to the resources used for PUCCH/PRACH may lead to a fragmentation of the spectrum. With a more flexible uplink resource allocation, the BL/CE UE may be allocated with resources adjacent to the PUCCH/PRACH resources and other PUSCH resource allocations, thus avoiding spectrum fragmentation.
PDSCH resource allocation
The Rel-14 resource allocation for PDSCH is described in section 7.1.6 of [3] and is summarized in Table 5. 
[bookmark: _Ref505974721]Table 5: Resource allocation for PDSCH
	
	1.4 MHz BL/CE UE
	5 MHz BL/CE UE
	20 MHz BL/CE UE

	CE mode A DCI format 6-1A
	Resource allocation type 2 with resource block assignment field composed of:
· Narrowband index
· Resource indication value (RIV) corresponding to a starting PRB and number of contiguously allocated PRBs within the narrowband 
	Resource allocation type 2 with resource block assignment field composed of:
· Narrowband index
· Additional consecutively allocated narrowbands
· RIV corresponding to a starting PRB and number of contiguously allocated PRBs within each allocated narrowband
	Either of:
Resource allocation type 0 with resource block assignment field composed of 
· Bitmap of allocated BL/CE UE resource block groups of 6 contiguous PRBs for system BW less than 20 MHz and 9 PRBs for system BW equal to 20 MHz  
Resource allocation type 2 with resource assignment field composed of:
· Narrowband index
· Additional consecutively allocated narrowbands
· RIV corresponding to a starting PRB and number of contiguously allocated PRBs within each allocated narrowband

	CE mode B DCI format 6-1B
	A resource block assignment field composed of:
· Narrowband index
· Indication if RBs with PRB index {0, 1, 2, 3} or all 6 PRBs in the narrowband is allocated
	A resource block assignment field composed of: a bitmap of: 
· Wideband index (four consecutive narrowbands, non-overlapping between widebands)
· Bitmap of the allocated narrowbands (all 6 PRBs) within the wideband
	A resource block assignment field composed of:
· Wideband combination index
· Bitmap of the allocated narrowbands (all 6 PRBs) within each allocated wideband



The design of the resource indication value (RIV) within a narrowband for the CE mode A PDSCH resource allocations in Table 5 is shown in Figure 6. The resource allocation for CE mode B is shown in Figure 7.

[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\RIV.png]
[bookmark: _Ref505980787][bookmark: _Ref505980777]Figure 6: PDSCH and PUSCH resource block assignment within a narrowband using resource indication value (RIV).
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PDSCH CE mode B 1.4MHz.png]
[bookmark: _Ref506291664]Figure 7: PDSCH resource block assignment within narrowband for 1.4 MHz BL/CE UE.
A summary of the size of the resource block assignment field for DCI format 6.1A and DCI format 6-1B is given in Table 6.
[bookmark: _Ref506455790][bookmark: _Ref506455785]Table 6: Size of downlink resource block assignemnt field in DCI format 6-1A for different system and BL/CE UE bandwidth. 
	System bandwidth
	Total
number of PRBs
	CE mode A, DCI format 6-1A
	CE mode B, DCI format 6-1B

	
	
	UE bandwidth
	UE bandwidth

	
	
	1.4 MHz
RA type 2
	5 MHz
RA type 2
	20 MHz
	1.4 MHz
	5 MHz
	20 MHz

	
	
	
	
	RA type 0
	RA type 2
	
	
	

	1.4 MHz
	6
	5
	5
	1 (+4)
	5
	1
	1
	1

	3 MHz
	12
	6
	7
	2 (+ 5)
	7
	2
	2
	2

	5 MHz
	25
	7
	9
	4 (+ 5)
	9
	3
	4
	4

	10 MHz
	50
	8
	11
	8 (+3)
	11
	4
	5
	6

	15 MHz
	75
	9
	12
	12 (+0)
	12
	5
	6
	7

	20 MHz
	100
	9
	12
	11 (+1)
	12
	5
	6
	7



PUSCH resource allocation
The Rel-14 resource allocation for PUSCH is described in section 8.1 of [3] and is summarized in Table 7. 
[bookmark: _Ref505979387]Table 7: Resource allocation for PUSCH
	
	1.4 MHz BL/CE UE
	5 MHz BL/CE UE

	CE mode A DCI format 6-0A
	Uplink resource allocation type 0 with resource block assignment field composed of:
· Narrowband index
· Resource indication value (RIV) corresponding to a starting PRB and number of contiguously allocated PRBs within the narrowband
	Either of:
Uplink resource allocation type 0 with resource block assignment field composed of:
· Narrowband index
· RIV corresponding to a starting PRB and number of contiguously allocated PRBs within the narrowband 
Uplink resource allocation type 4, specifying a starting PRB at either the first or fourth PRB in a narrowband and a group of contiguously allocated resource blocks in groups of 3 PRBs, via a resource block assignment field composed of 
· Resource block group indication value (RBGIV) corresponding to a starting resource block group and a set of consecutive uplink resource block groups of resource blocks

	CE mode B DCI format 6-0B
	Uplink resource allocation type 2 with resource block assignment field composed of:
· Narrowband index
· Indication either 1 or 2 allocated resource blocks within the narrowband in the set {0, 1, 2, 3, 4, 5, 0 and 1, 2 and 3}
	N/A



The uplink resource allocation type 0 used in CE mode A uses the same RIV design as for the downlink resource allocation, as shown in Figure 6. For CE mode B, the uplink resource allocation is as shown in Figure 8. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PUSCH type 2.png]
[bookmark: _Ref506292029]Figure 8: PUSCH CE mode B type 2 resource block assignment.
The size of the resource block assignment field for DCI format 6.0A and 6-0B is given in Table 8
[bookmark: _Ref506308947]Table 8: Size of uplink resource block assignemnt field in DCI format 6-0A and 6-0B for different system bandwidth.
	System bandwidth
	Total number of PRBs
	CE mode A
 DCI format 6-0A
[bits]
	CE mode B
 DCI format 6-0B
[bits]

	1.4 MHz
	6
	5
	3

	3 MHz
	12
	6
	4

	5 MHz
	25
	7
	5

	10 MHz
	50
	8
	6

	15 MHz
	75
	9
	7

	20 MHz
	100
	9
	7




Resource allocation type 2
For Resource allocation type 2, a Resource Indication Value (RIV) is computed as [3]

if  then


else 





For BL/CE UEs,  and is used when computing a RIV to be used for allocating consecutive groups of {1, 2, 3, 4, 5, 6} PRBs at starting PRB  in {0, 1, 2, 3, 4, 5} within the indicated narrowband. This reduces the required size of the resource block assignment field to the values as indicated in Table 6.
[bookmark: _Ref510601908]Extending the starting PRB

For a flexible starting PRB of the allocation, resource allocation type 2 may be used but with the starting PRB  selected from all PRBs within the indicated narrowband ([3][7]). This increases the required size of the resource allocation field in the DCI by at most 1 bit, as indicated in Table 9.
[bookmark: _Ref510536877][bookmark: _Ref510536872]Table 9: Size of Resource allocation field 
	System bandwidth
	Total number of PRBs
	Maximum RIV value for starting PRB from all PRBS within system bandwidth
	Required size of resource allocation field for RIV value
[bits]
	Size of Rel-14 resource block assignment in 
DCI format 6-1A
for 1.4 MHz BL/CE UE
[bits]

	1.4 MHz
	6
	20
	5
	5

	3 MHz
	12
	66
	7
	6

	5 MHz
	25
	144
	8
	7

	10 MHz
	50
	294
	9
	8

	15 MHz
	75
	444
	9
	9

	20 MHz
	100
	594
	10
	9




[bookmark: _Toc510538396][bookmark: _Toc510602943][bookmark: _Toc510609676][bookmark: _Toc510609760][bookmark: _Toc510609772][bookmark: _Toc510609798][bookmark: _Toc510609843][bookmark: _Toc510698720][bookmark: _Toc510699171][bookmark: _Toc510702860][bookmark: _Toc510705008][bookmark: _Toc510726922][bookmark: _Toc510800075][bookmark: _Toc510800110][bookmark: _Toc510800296][bookmark: _Toc510801584][bookmark: _Toc513192887][bookmark: _Toc513193018][bookmark: _Toc513635323][bookmark: _Toc513643175][bookmark: _Toc513647092][bookmark: _Toc513656501][bookmark: _Toc513659475][bookmark: _Toc513660068][bookmark: _Toc513820080][bookmark: _Toc513820357][bookmark: _Toc513821093]Resource allocation type 2 may be used for flexible starting PRB allocation and address all consecutive groups of {0, 1, 2, 3, 4, 5} PRBs by selecting the starting PRB  from all PRBs within the system bandwidth. This requires an extra bit in the Resource allocation field in the DCI
[bookmark: _Ref510638352]Unused RIV values
The current RIV values computed for allocating the PRBs within a narrowband is limited to 0-20 ([3][6][7]). Thus, there are 11 unused RIV values that may be used for allocation of PRBs with a more flexible starting PRB that is not confined to the allocated narrowband. The use of these 11 RIV values for providing a more flexible starting PRB for the resource allocation will not increase the size of the DCI, but conflicts with the use of uplink resource allocation type 4 in DCI format 6-0A for 5MHz BL/CE UEs (see 5.3.3.1.10 in [4]). Furthermore, the 11 unused RIV values do not provide a full flexibility for the starting PRB.
[bookmark: _Toc510538397][bookmark: _Toc510602944][bookmark: _Toc510609677][bookmark: _Toc510609761][bookmark: _Toc510609773][bookmark: _Toc510609799][bookmark: _Toc510609844][bookmark: _Toc510698721][bookmark: _Toc510699172][bookmark: _Toc510702861][bookmark: _Toc510705009][bookmark: _Toc510726923][bookmark: _Toc510800076][bookmark: _Toc510800111][bookmark: _Toc510800297][bookmark: _Toc510801585][bookmark: _Toc513192888][bookmark: _Toc513193019][bookmark: _Toc513635324][bookmark: _Toc513643176][bookmark: _Toc513647093][bookmark: _Toc513656502][bookmark: _Toc513659476][bookmark: _Toc513660069][bookmark: _Toc513820081][bookmark: _Toc513820358][bookmark: _Toc513821094]The unused RIV values in resource allocation type 2 may be used to increase the flexibility of the starting PRB without increasing the size of the DCI field, but do not provide a full flexibility of the starting PRB.
Guard period for narrowband and wideband retuning
When introducing a flexible starting PRB for PDSCH and PUSCH the effect of a potential re-tuning between narrowbands with different center frequencies needs to be considered. 
A guard period for re-tuning between downlink narrowbands with different center frequencies is defined in 6.2.8 of [5]. Similarly, a guard period is defined for frame structure type 2 when the UE retunes from an uplink narrowband to a downlink narrowband with a different center frequency.
Size of DCI format
The size of the DCI formats is described in sections 5.3.3.1.10 - 5.3.3.1.13 in [4]. The total size depends on the system bandwidth and system configuration, but the following may be observed for CE mode A:
[bookmark: _Toc510538399][bookmark: _Ref510601055][bookmark: _Toc510602946][bookmark: _Toc510609679][bookmark: _Toc510609763][bookmark: _Toc510609775][bookmark: _Toc510609801][bookmark: _Toc510609846][bookmark: _Toc510698723][bookmark: _Toc510699174][bookmark: _Toc510702863][bookmark: _Toc510705011][bookmark: _Toc510726925][bookmark: _Toc510800078][bookmark: _Toc510800113][bookmark: _Toc510800299][bookmark: _Toc510801587][bookmark: _Toc513192890][bookmark: _Toc513193021][bookmark: _Toc513635325][bookmark: _Toc513643177][bookmark: _Toc513647094][bookmark: _Toc513656503][bookmark: _Toc513659477][bookmark: _Toc513660070][bookmark: _Toc513820082][bookmark: _Toc513820359][bookmark: _Toc513821095]For CE mode A and FDD and a system configuration for minimum DCI, the total size of DCI format 6-1A is one bit larger than DCI format 6-0A.
[bookmark: _Toc510538400][bookmark: _Toc510602947][bookmark: _Toc510609680][bookmark: _Toc510609764][bookmark: _Toc510609776][bookmark: _Toc510609802][bookmark: _Toc510609847][bookmark: _Toc510698724][bookmark: _Toc510699175][bookmark: _Toc510702864][bookmark: _Toc510705012][bookmark: _Toc510726926][bookmark: _Toc510800079][bookmark: _Toc510800114][bookmark: _Toc510800300][bookmark: _Toc510801588][bookmark: _Toc513192891][bookmark: _Toc513193022][bookmark: _Toc513635326][bookmark: _Toc513643178][bookmark: _Toc513647095][bookmark: _Toc513656504][bookmark: _Toc513659478][bookmark: _Toc513660071][bookmark: _Toc513820083][bookmark: _Toc513820360][bookmark: _Toc513821096]For CE mode A and TDD and a system configuration for minimum DCI, the total size of DCI format 6-1A and DCI format 6-0A is the same.
[bookmark: _Toc510538401][bookmark: _Toc510602948][bookmark: _Toc510609681][bookmark: _Toc510609765][bookmark: _Toc510609777][bookmark: _Toc510609803][bookmark: _Toc510609848][bookmark: _Toc510698725][bookmark: _Toc510699176][bookmark: _Toc510702865][bookmark: _Toc510705013][bookmark: _Toc510726927][bookmark: _Toc510800080][bookmark: _Toc510800115][bookmark: _Toc510800301][bookmark: _Toc510801589][bookmark: _Toc513192892][bookmark: _Toc513193023][bookmark: _Toc513635327][bookmark: _Toc513643179][bookmark: _Toc513647096][bookmark: _Toc513656505][bookmark: _Toc513659479][bookmark: _Toc513660072][bookmark: _Toc513820084][bookmark: _Toc513820361][bookmark: _Toc513821097]For CE mode A and configuring a UE with Rel-14 enhancements (PUSCH and scheduling enhancements as well as HARQ-ACK bundling) results in that DCI format 6-1A is 3 bits larger than format 6-0A for FDD and 2 bits larger for TDD.
[bookmark: _Toc510538402][bookmark: _Ref510601072][bookmark: _Toc510602949][bookmark: _Toc510609682][bookmark: _Toc510609766][bookmark: _Toc510609778][bookmark: _Toc510609804][bookmark: _Toc510609849][bookmark: _Toc510698726][bookmark: _Toc510699177][bookmark: _Toc510702866][bookmark: _Toc510705014][bookmark: _Toc510726928][bookmark: _Toc510800081][bookmark: _Toc510800116][bookmark: _Toc510800302][bookmark: _Toc510801590][bookmark: _Toc513192893][bookmark: _Toc513193024][bookmark: _Toc513635328][bookmark: _Toc513643180][bookmark: _Toc513647097][bookmark: _Toc513656506][bookmark: _Toc513659480][bookmark: _Toc513660073][bookmark: _Toc513820085][bookmark: _Toc513820362][bookmark: _Toc513821098]Use of TM6 or TM9 further increases the size of DCI format 6-1A.
The following may be observed for CE mode B:
[bookmark: _Toc510538403][bookmark: _Toc510602950][bookmark: _Toc510609683][bookmark: _Toc510609767][bookmark: _Toc510609779][bookmark: _Toc510609805][bookmark: _Toc510609850][bookmark: _Toc510698727][bookmark: _Toc510699178][bookmark: _Toc510702867][bookmark: _Toc510705015][bookmark: _Toc510726929][bookmark: _Toc510800082][bookmark: _Toc510800117][bookmark: _Toc510800303][bookmark: _Toc510801591][bookmark: _Toc513192894][bookmark: _Toc513193025][bookmark: _Toc513635329][bookmark: _Toc513643181][bookmark: _Toc513647098][bookmark: _Toc513656507][bookmark: _Toc513659481][bookmark: _Toc513660074][bookmark: _Toc513820086][bookmark: _Toc513820363][bookmark: _Toc513821099]For CE mode B, the size of DCI formats 6-0B and 6-1B is the same. 
[bookmark: _Ref513192830]Appendix B: Alignment of CE mode A PDSCH assignments to RBG
An alternative usage of the 11 RIV values is to optimize the selected allocations for the different system bandwidths and narrowband locations. The relation of the RBGs to the narrowbands for the different system bandwidths is depicted in Figure 5.  The alignment of the resource allocation to the RBGs is shown in Figure 9 - Figure 12 for the different system bandwidths.
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\Added RIV 5MHz.png]
[bookmark: _Ref513192960]Figure 9: Conflicting alignments of RBG and narrowband for 3 and 5MHz system bandwidth.
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\Added RIV 10MHz.png]
Figure 10: Conflicting alignments of RBG and narrowband for 10MHz system bandwidth.
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\Added RIV 15MHz.png]
Figure 11: Conflicting alignments of RBG and narrowband for 15MHz system bandwidth.
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\Added RIV 20MHz.png]
[bookmark: _Ref513192965]Figure 12: Conflicting alignments of RBG and narrowband for 20MHz system bandwidth.
From the diagrams it can be observed that although the starting PRB for the 5 PRB allocation is limited to only two PRBs within each narrowband, these two assignments can be used to minimize the number of unused PRBs due to RBG conflict. Thus, the proposed usage of the RIV values as outlined in Figure 1 is suitable for all system bandwidths and may be used to align the allocations of different BL/CE UEs with minimal usage of the number of RBGs. 
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