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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: 
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.
This contribution summarized proposed correction of the reference as well as during the email discussion. 
Issue #1: Starting PRB indication for PUSCH CE mode A
In TS 36.212 clause 5.3.3.1.10:
[image: ]
The DCI format 6-0A implys the indication of starting PRB indication for PUSCH CE mode A is based on:
· Keep the narrowband indexation but extend the RIV for the narrowband to also include allocations outside the narrowband [2]

However, there are no corresponding updates in TS 36.213. There are several proposals:  
1 
2 
For FDD
Option 1: [6]
· Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil{log2(6 NULRB)} for FDD.
Option 2: [2]
· Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil(log2(6 NULRB -1) for FDD

Recommended Proposal : Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil{log2(6 NULRB)} for FDD.
[bookmark: _GoBack]
For TDD
Options 1: [2]
· L=2,3,4,5,6 are supported for flexible PUSCH starting PRB in TDD.
· [image: ]+5 bit for resource allocation for flexible PUSCH starting PRB in TDD, with:
· For system bandwidth larger than 3 MHz, the total number of RIVs is 5*NULRB for L=2~6.
· For 3 MHz system bandwidth, 4 RIVs for L=2 and 60 RIVs for L=3~6.

Options 2: [1][3]
· Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil(log(5NULRB -1)) for TDD. 
· 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. 

Recommended Proposal : L=2,3,4,5,6 are supported for flexible PUSCH starting PRB in TDD.
Recommended Proposal : Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil(log(5NULRB -1)) for TDD. 

Issue #2: Frequency hopping
It was agreed to support frequency hopping for both PUSCH and PDSCH. However, there are some clarifications or optimizations on how to support frequency hopping. 
3 
PDSCH in CE mode A
Proposal #1: [3]
· 

If frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe  within the  consecutive downlink subframes using the PRB resources of the narrowband  with same RIV as that of narrowband . 


Recommended Proposal:  If frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe  within the  consecutive downlink subframes using the PRB resources of the narrowband  with same RIV as that of narrowband . 

Proposal #2: [2] 
· 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
· Note: This might already be supported naturally with current spec. 
Note: It was already agreed.  
Proposal #3: Down select from the following options:
· Option #1: [3]
· Adjust {, } instead of , } in 7.1.6.3-2 for narrowband  in BW=15MHz, when UE is configured by frequency hopping; otherwise use Table 7.1.6.3-2 of 36.213.
· Option #2: [2]
· 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.
· Option #3:
· No change
Recommend to FFS within this meeting.
PDSCH in CE mode B
[bookmark: _Toc513821108][bookmark: _Toc513820372][bookmark: _Toc513820095][bookmark: _Toc513660082][bookmark: _Toc513659489][bookmark: _Toc513656515][bookmark: _Toc513647106][bookmark: _Toc521683677]Proposal [2]: For flexible starting PRB for PDSCH and CE mode B, the legacy BL/CE UE frequency hopping is followed.

PUSCH in CE mode A
Option 1 [3]:	
· Define the RB offset for hopping based on the existing higher layer parameter , such as the RB offset equal to  ,
Option 2 [2]:
· [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.
Recommend to FFS within this meeting.
PUSCH in CE mode B
Proposal [3]:
· 

If frequency hopping is enabled for PUSCH, and the UE is not configured with ce-PUSCH-FlexibleStartPRB-AllocConfig, PUSCH is transmitted in subframe  within the   consecutive uplink subframes using the  PRB resources of the narrowband   with same RIV as that of narrowband .
Recommend to agree on the above proposal. 
Issue #3:  Out of BW RA indication
According to the current specification, the RB indices of flexible resource allocation could be outside the narrowband. Thereafter, for the narrowband at the edges of the system bandwidth, the RB indices outside the narrowband may be not in the range of system bandwidth any more. We need to make such RB indices still within the system bandwidth, otherwise, the allocation is not valid.
Proposal  [3]: 
· For PDSCH CEModeA: Propose to reduce the allocated length to satisfy the condition that  shall not exceed (. 
· For PUSCH CEModeA:  shall not exceed  .
· For PUSCH CEModeB: Limit the starting/end RB for ‘110’ and ‘111’ within system bandwidth.

Recommend to agree on the above proposal. 
Issue #4: Clarification on PRB bundling [3]
A UE configured with flexible RA is to align starting/end RB with the RBG boundary for PDSCH CE Mode A/B. 	On the other hand, the UE may assume that the same precoder applies on all scheduled PRBs within a PRG (Precoding Resource block Groups). The set of two PRGs for the legacy narrowband (i.e., each PRG has 3 consecutive PRBs) cannot work well for the UE configured with PSDCH flexible RA, since the allocated RB may be outside the legacy narrowband. 
Proposal:
· For PDSCH CEModeA: if a RIV entry is to align the starting RB to the RBG boundaries, a set of two PRGs starts from the corresponding RBstart; if a RIV entry is to align the ending RB to the RBG boundaries, a set of two PRG ends at the corresponding RBstart+LCRBs-1.
· For PDSCH CEModeB: the narrowband is shifted to align with the RBG boundaries. The set of two PRGs are aligned with the shifted narrowband.

Recommend to FFS within this meeting.

Issue #5: Improvement of Resource allocation for PDSCH CE Mode A [4]
When s=nNB,0  or t=nNB,5, no any flexibility is provided on flexible PDSCH starting PRB in CEModeA. In order to make more flexibility on resource allocation, [4] proposed:
· Proposal 1: 
· For nNB,0>0, s is the maximum ‘start PRB of RBG’ and s is smaller than nNB,0; 
· For nNB,5<NDLRB-1, t is the minimum ‘end PRB of RBG’, and t is larger than nNB,5, where NDLRB is the value of DL system bandwidth.
· Proposal 2: For nNB,0=0, s=0; For nNB,5= NDLRB -1, t= nNB,5.
Recommend to FFS within this meeting.
Conclusions
Proposal #1: Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil{log2(6 NULRB)} for FDD.
Proposal #2: L=2,3,4,5,6 are supported for flexible PUSCH starting PRB in TDD.
Proposal #3: Update the size of RA field in TS 36.212 clause 5.3.3.1.10 to ceil(log(5NULRB -1)) for TDD. 


Proposal #4:  If frequency hopping is enabled for PDSCH, the PDSCH shall be transmitted in subframe  within the  consecutive downlink subframes using the PRB resources of the narrowband  with same RIV as that of narrowband . 


Proposal #5:  If frequency hopping is enabled for PUSCH, and the UE is not configured with ce-PUSCH-FlexibleStartPRB-AllocConfig, PUSCH is transmitted in subframe  within the   consecutive uplink subframes using the  PRB resources of the narrowband   with same RIV as that of narrowband .
Proposal #6:  
· If For PDSCH CEModeA: Propose to reduce the allocated length to satisfy the condition that  shall not exceed (. 
· For PUSCH CEModeA:  shall not exceed  .
· For PUSCH CEModeB: Limit the starting/end RB for ‘110’ and ‘111’ within system bandwidth.
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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 

UL

RB

N

  equal to 

DL

RB

N

, 

































6

log

UL

RB

2

N

+6 bits for  FDD  PUSCH   and 
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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]  


