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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

In this contribution we discuss the design of the Resource Allocation (RA) and DCI for the more flexible starting PRB for PUSCH and PDSCH. 
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 1. 

[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\NarrowbandAndRbg.png]
[bookmark: _Ref505936912]Figure 1: 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 1. 
[bookmark: _Ref505937880]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 [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 2. 
[bookmark: _Ref505974721]Table 2: 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 2 is shown in Figure 2. The resource allocation for CE mode B is shown in Figure 3.

[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\RIV.png]
[bookmark: _Ref505980787][bookmark: _Ref505980777]Figure 2: 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 3: 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 3.
[bookmark: _Ref506455790][bookmark: _Ref506455785]Table 3: 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 4. 
[bookmark: _Ref505979387]Table 4: 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 2. For CE mode B, the uplink resource allocation is as shown in Figure 4. 
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\PUSCH type 2.png]
[bookmark: _Ref506292029]Figure 4: 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 5
[bookmark: _Ref506308947]Table 5: 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 3.
[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 6.
[bookmark: _Ref510536877][bookmark: _Ref510536872]Table 6: 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]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]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.
[bookmark: _Toc510538398][bookmark: _Toc510602945][bookmark: _Toc510609678][bookmark: _Toc510609762][bookmark: _Toc510609774][bookmark: _Toc510609800][bookmark: _Toc510609845][bookmark: _Toc510698722][bookmark: _Toc510699173][bookmark: _Toc510702862][bookmark: _Toc510705010][bookmark: _Toc510726924][bookmark: _Toc510800077][bookmark: _Toc510800112][bookmark: _Toc510800298][bookmark: _Toc510801586]PUSCH resource allocation type 4 for 5MHz BL/CE UE in CE mode A already use the “unused” RIV values 21-31.
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]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]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]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]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]For CE mode B, the size of DCI formats 6-0B and 6-1B is the same. 
Frequency hopping
Frequency hopping for BL/CE UEs (5.3.4 and 6.4.1 in [5]) is implemented by hopping between narrowbands specified by a hopping offset and using the same PRB resources within the narrowband.
For PDSCH, this may result in that an allocation that is aligned with the RBG in one of the two narrowbands is not aligned with the RBG in the other narrowband used for the frequency hopping, see e.g. Figure 1.
For PUSCH, this may result in that an allocation that is aligned to e.g. the PUCCH and PRACH resources at one edge of the system bandwidth not will be fully aligned to the same resources when hopping a number of narrowbands.
Discussion
This subsection discusses flexible starting PRB for resource allocation of 1.4 MHz BL/CE UEs for PDSCH and PUSCH.
PDSCH Resource allocation
PDSCH for CE mode A and 1.4 MHz BL/CE UE
It is observed (see Observation 4 - Observation 7) 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 2.3.2, 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 5 and detailed in Table 7. 
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 5: Usage of RIV values 21-31 to allow for a more flexible starting PRB of the PDSCH allocation. 
[bookmark: _Ref510704965]Table 7: Usage of RIV values 21-31.
	RIV
	Number of PRBs
	Start PRB

	21
	2
	-1

	22
	3
	-1

	23
	3
	4

	24
	4
	-1

	25
	4
	3

	26
	4
	4

	27
	6
	-1

	28
	6
	1

	29
	6
	2

	30
	6
	3

	31
	6
	4


 
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 1.  The alignment of the resource allocation to the RBGs is shown in Figure 6 - Figure 9 for the different system bandwidths.
[image: C:\Users\erauae\Desktop\Studies\STAR\Flexible starting PRB\Added RIV 5MHz.png]
[bookmark: _Ref510702351]Figure 6: 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 7: 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 8: 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: _Ref510702354]Figure 9: Conflicting alignments of RBG and narrowband for 20MHz system bandwidth.
From the diagrams in Figure 6 - Figure 9 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 5 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]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 7.
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 10: 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 1). 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 8.
[bookmark: _Ref510690121]Table 8: 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]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 8.

PUSCH Resource allocation
PUSCH for CE mode A and 1.4 MHz BL/CE UE
As outlined in Section 2.3.1, 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 4 - Observation 7), it is considered motivated to increase the DCI size for DCI 6-0A to allow for a flexible starting PRB including all PRBs within the system bandwidth.   
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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 11: 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 confined to starting PRB either as the first or third 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 12: Allocation of PUSCH CE mode B type 2 resource block assignment with shifted starting PRB.
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Frequency hopping
The requirements on the frequency hopping will differ from PDSCH and PUSCH. For PDSCH, it is considered that the main design objective is that the resource allocation with frequency hopping also is aligned to the RBG in a spectral efficient manner.  For PUSCH, the main design objective is that the resource allocation should align with other allocations, including also e.g. PUCCH and PRACH.
In addition to the difference between PDSCH and PUSCH, also respective difference between CE mode A and CE mode B needs to be taken into consideration. 
It is proposed that the details of frequency hopping are settled once the details of the resource allocation is decided.
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Conclusion
The following observations are made:

Observation 1	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 2	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 3	PUSCH resource allocation type 4 for 5MHz BL/CE UE in CE mode A already use the “unused” RIV values 21-31.
Observation 4	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 5	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 6	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 7	Use of TM6 or TM9 further increases the size of DCI format 6-1A.
Observation 8	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 7.
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 8.
Proposal 3	For 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 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 by {1, 2, 3} PRBs towards higher PRB index.
Proposal 5	Details for frequency hopping are for FFS until the updates to the resource allocation has been decided.
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