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1	Introduction
Flexible PDSCH/PUSCH starting PRB was introduced in the Rel-15 Even further enhanced MTC for LTE work item [1]. The following agreements were made: 
[bookmark: _Ref178064866]RAN1#92 discussed flexible starting PRB for PDSCH/PUSCH and made the following agreements 

· 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
· 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

RAN1#92bis discussed flexible starting PRB for PDSCH/PUSCH and made the following agreements: 

· 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

RAN1#93 discussed flexible starting PRB for PDSCH/PUSCH and made following agreements: 

· For PDSCH in CE mode A, 10 new states are introduced to indicate new resource allocation as the table below.
	10 states
	Index of the starting PRB of the allocated resource (s is start PRB of RBG where the first PRB of the narrow band located; t = end PRB of RBG where the last PRB of the narrow band located.)
	Number of PRBs allocated 

	State 1
	s
	2

	State 2
	s
	3

	State 3
	s
	4

	State 4
	s
	5

	State 5
	s
	6

	State 6
	t-5
	6 (ending at PRB t)

	State 7
	t-4
	5 (ending at PRB t)

	State 8
	t-3
	4 (ending at PRB t)

	State 9
	t-2
	3 (ending at PRB t)

	State 10
	t-1
	2 (ending at PRB t)



· For PDSCH in CE mode B, introduce 1 bit in UE-specific RRC signaling to enable the shift of narrowband to align with RBG. The shift of narrowband depends on the system bandwidth and the allocated narrowband.
· The following shift of narrow band is used for PDSCH resource allocation in CE mode B.
	1.4MHz
	No shift

	3MHz
	-1 PRB for NB {#0};
No shift for NB {#1}.


	5MHz
	No shift for NB {#0, #1};
- 1PRB  for NB {#2,#3}.

	10MHz
	- 1 PRB  for all NB.

	15MHz

	-1 PRB for NB {#0, #1,…, #5};
No shift for NB {#6, #7,…, #11}

	20MHz
	-2PRB for all NB.



· For PUSCH in CE mode A, use DCI to provide more flexible resource allocation for PUSCH.
· For PUSCH in CE mode A and for the case where DL system BW and UL system BW is the same, use resource allocation type 2 with starting PRB within the full system BW
· For PUSCH in CE mode B, adjust the starting PRB based on the resource allocation type 2 for 2 PRBs by {-1, 1, 2, 3} PRBs towards higher PRB index via RRC signaling.
· Flexible starting PUSCH PRB for BL/CE UE configured with 5 MHz max PUSCH channel bandwidth is not considered further in Rel-15.

RAN2#102 discussed flexible starting PRB for PDSCH/PUSCH and made following agreements:

· For PDSCH in CE mode A, dedicated RRC signalling is used to indicate to the UE if the DCI should be interpreted as using flexible starting PRB or not.
· For PDSCH in CE mode B, 1 bit in dedicated RRC signalling is used to indicate if flexible starting PRB should be applied and the PRB start positing aligned to RBGs.
· For PUSCH in CE mode A, dedicated RRC signalling is used to indicate to the UE if the DCI should be interpreted as using flexible starting PRB or not.
· For PUSCH in CE mode B, 2 bits in dedicated RRC signalling is used to indicate the magnitude of the PRB shift for flexible starting PRB.
· 2 UE capabilities for flexible starting PRB are introduced: CE mode A and CE mode B.

In this contribution a summary of the functionality is presented, and some updates to the current specification texts on the topic is proposed.
2	Discussion
2.1	PUSCH CE mode A
For PUSCH in CE mode A, uplink resource allocation type 0 is introduced for BL/CE UEs in TS 36.213 8.1.1 [4]:
[image: ]
The size of the Resource block assignment (RA) field for DCI format 6-0A is increased in TS 36.212, clause 5.3.3.1.10 [3] according to:
[image: ]
According to the agreement the starting PRB, when configured with flexible PUSCH resource allocation in CE mode A, should be chosen from within the full system bandwidth. It is acknowledged that this can be done via either of two approaches:
1. Use the RIV calculation as described in TS 36.213 clause 8.1.1 [4] with RB_start chosen from all PRBs within the system bandwidth, as proposed in e.g. [5]
2. Keep the narrowband indexation but extend the RIV for the narrowband to also include allocations outside the narrowband

The current text for the size of the RA field in TS 36.212 clause 5.3.3.1.10 [3] alludes to that the addressing is according to the second approach above, although there are no updates to the RIV calculation in TS 36.213 clause 8.1.1 [4] to reflect this. Hence, it is an ambiguity between the corresponding sections in the two specifications. It is proposed to update the specification text in TS 36.212 clause 5.3.3.1.10 [3] and 36.213 clause 8.1.1 [4] to follow approach 1 outlined above.
[bookmark: _Toc521683668]The text in TS 36.212 clause 5.3.3.1.10 and TS 36.213 clause 8.1.1 with respect to flexible resource starting PRB for PUSCH in CE mode A is not consistent.
[bookmark: _Toc521683672]Update the specification text in TS 36.212 clause 5.3.3.1.10 and TS 36.213 clause 8.1.1 to use direct addressing of the starting PRB
The number of bits required in the RA field for addressing up to 6 PRBs from any starting PRB within the system bandwidth was evaluated in e.g. [5]. Table 1 summarized the size of the RA field in DCI format 6-0A for flexible resource allocation. For FDD, the size of the RA field is equal or smaller to the current. For TDD, the same applies (with the exception for 3 MHz system bandwidth) if the allocation is constrained to only include up to 5 consecutive PRBs.
[bookmark: _Toc521683673]Update the size of the RA field in TS 36.212 clause 5.3.3.1.10 to ceil(log(6*N-1) for FDD and ceil(log(5*N-1)) for TDD. 
[bookmark: _Toc521683674]Update TS 36.213 clause 8.1.1 with that if ce-PUSCH-FlexibleStartPRB-AllocConfig is configured then for TDD L_CRB is less than or equal to 5.
[bookmark: _Ref521675976]Table 1: Size of resource allocation field.
	System BW 
[MHz]
	N
	Current FDD
	Current TDD
	FDD with current RIV
	TDD with current RIV

	
	
	ceil(log(floor(N/6))+6
	ceil(log(floor(N/6))+5
	ceil(log(6*N-1)
	ceil(log(5*N-1)

	1.4
	6
	6
	5
	5
	5

	3
	15
	7
	6
	7
	7

	5
	25
	8
	7
	8
	7

	10
	50
	9
	8
	9
	8

	15
	75
	10
	9
	9
	9

	20
	100
	10
	9
	10
	9



2.2	Frequency hopping
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 [2]. In the following, a summary of the discussion from [5] on the topic of frequency hopping in the context of flexible PDSCH/PUSCH starting PRB is presented. 
2.2.1	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.
2.2.1.1	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, 
[bookmark: _Ref513640592]Table 2: 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: _Toc494476237][bookmark: _Toc494297085][bookmark: _Toc494297002][bookmark: _Toc494296731][bookmark: _Toc493865794][bookmark: _Toc493865746][bookmark: _Toc493865080][bookmark: _Toc513821090][bookmark: _Toc513820354][bookmark: _Toc513820077][bookmark: _Toc513660065][bookmark: _Toc513659472][bookmark: _Toc513656498][bookmark: _Toc513647089][bookmark: _Toc513643174][bookmark: _Toc521683669]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: _Toc513821091][bookmark: _Toc513820355][bookmark: _Toc513820078][bookmark: _Toc513660066][bookmark: _Toc513659473][bookmark: _Toc513656499][bookmark: _Toc513647090][bookmark: _Toc521683670]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 centre 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: _Toc513821106][bookmark: _Toc513820370][bookmark: _Toc513820093][bookmark: _Toc521683675][bookmark: _Toc513660081][bookmark: _Toc513659488][bookmark: _Toc513656514][bookmark: _Toc513647105]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: _Toc513821107][bookmark: _Toc513820371][bookmark: _Toc513820094][bookmark: _Toc521683676]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.
2.2.1.2	CE mode B
For PDSCH CE mode B, a shift of the narrowband is introduced for certain narrowbands and system bandwidths has been introduced to better align the narrowband to the resource block groups. Since the same alignment also will apply to the narrowband that results from frequency hopping, alignment to the RBG will be inherent for CE mode B. 
[bookmark: _Toc521683671]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: _Toc513821108][bookmark: _Toc513820372][bookmark: _Toc513820095][bookmark: _Toc513660082][bookmark: _Toc513659489][bookmark: _Toc513656515][bookmark: _Toc513647106][bookmark: _Toc521683677]For flexible starting PRB for PDSCH and CE mode B, the legacy BL/CE UE frequency hopping is followed.
2.2.2	PUSCH
As discussed in [5], 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 PUSCH CE mode A the indexation of the resources is not via a narrowband but the 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. This implicitly defined narrowband is used as in legacy BL/CE UE PUSCH frequency to compute the hopping narrowband.
[bookmark: _Toc513821109][bookmark: _Toc513820373][bookmark: _Toc513820096][bookmark: _Toc513660083][bookmark: _Toc513659490][bookmark: _Toc513656516][bookmark: _Toc521683678]For flexible starting PRB for PUSCH and CE mode A with Uplink resource allocation type 0 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: _Toc521683679]For flexible starting PRB for PUSCH resource allocation, the legacy BL/CE UE frequency hopping is followed.
3	Conclusions
 In the previous sections we made the following observations: 
Observation 1	The text in TS 36.212 clause 5.3.3.1.10 and TS 36.213 clause 8.1.1 with respect to flexible resource starting PRB for PUSCH in CE mode A is not consistent.
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.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Update the specification text in TS 36.212 clause 5.3.3.1.10 and TS 36.213 clause 8.1.1 to use direct addressing of the starting PRB
Proposal 2	Update the size of the RA field in TS 36.212 clause 5.3.3.1.10 to ceil(log(6*N-1) for FDD and ceil(log(5*N-1)) for TDD.
Proposal 3	Update TS 36.213 clause 8.1.1 with that if ce-PUSCH-FlexibleStartPRB-AllocConfig is configured then for TDD L_CRB is less than or equal to 5.
Proposal 4	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 5	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 opping narrowband if the original narrowband and the frequency hopping narrowband are on opposite sides of the center frequency.
Proposal 6	For flexible starting PRB for PDSCH and CE mode B, the legacy BL/CE UE frequency hopping is followed.
Proposal 7	For flexible starting PRB for PUSCH and CE mode A with Uplink resource allocation type 0 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 8	For flexible starting PRB for PUSCH resource allocation, the legacy BL/CE UE frequency hopping is followed.
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8.1.1   Uplink  r esource allocation type 0   The resource allocation information   for uplink resource allocation type 0   indicates to a scheduled UE a set  of contiguously allocated virtual resource block   indices denoted by  .   A resource allocation field in the  scheduling grant   consists of a resource indication value ( RIV ) corresponding to a starting resource block ( ) and a length in terms of contiguously allocated resource blocks (    1).    For a BL/CE UE,    -   uplink resource allocation type 0 is only applicable for UE configured   with CEModeA ,   and    -  
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Resource block assignment   –     -   If   the format 6 - 0A DCI uses sub - PRB resource allocation:   -     [ … ]   -   Else if flexible starting PRB for PUSCH resource allocation is enabled by higher laye rs with 
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+5 bits for  TDD  PUSCH provide the  resource allocation using UL resource allocation type 0 as defined in s ubclause   8.1.1 of [3]   -   Otherwise,
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+5   bits   for PUSCH as defined in [3]:   -   If  the  5   LSB  bits indicate  a   value not larger than 20    -  
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  MSB  bit s provide the narrowband index as defined in  subclause   5.2.4   of [2]    -   5  bit s provide the resource allocation using UL resource allocation type 0 within the  indicated  narrowband   -   Otherwise,   -  
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+5  bit s provide the resource allocation using UL resource allocation type 4 as defined  in  subclause 8.1.5 of [   3]  


