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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]In RAN1#93, the following agreements on flexible PUSCH starting PRB in CEMode A were reached [1]:
	Agreement
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


However, for the case of flexible starting PRB of PUSCH in CEModeA in TDD, it is not clear from the agreements which value of L (length of allocated PRBs) to exclude from the resource allocation to reduce the size of the RIV.
In this contribution, we provide our considerations on the specific bit number on resource block assignment field for above case.
Resource allocation for flexible PUSCH starting PRB in CEModeA
For TDD, no extra spare bit can be used for flexible PUSCH starting PRB.  During the email discussion, several alternatives are proposed:
Option 1: L=1~5, and [image: ]+5 bits for flexible PUSCH starting PRB
For this option, L=6 is not supported. Moreover, for 3 MHz system bandwidth, only 4 out 11 starting PRB can be supported for L=5.
Option 2: L=1~5, and ceil{log2(5 NULRB-5)} bits for flexible PUSCH starting PRB
For this option, L=6 is also not supported. Moreover, for 3MHz system bandwidth, one additional bit is needed.
For each L (L=1,…,6), the following table calculates the gap between legacy resource allocation within narrowband and flexible PUSCH starting PRB from any PRB within the system bandwidth. It is obvious that the gap is increased with the increased L. In other words, substantial resource allocations for smaller L are overlapped between legacy resource allocation within narrowband and flexible PUSCH starting PRB from any PRB within the system bandwidth.
Table 1: Gap between legacy resource allocation within narrowband and flexible PUSCH starting PRB from any PRB
	System bandwidth
	Total number of PRBs
	Number of NB
	L=1
	L=2
	L=3
	L=4
	L=5
	L=6

	3 MHz
	15
	2
	3
	4
	5
	6
	7
	8

	5 MHz
	25
	4
	1
	4
	7
	10
	13
	16

	10 MHz
	50
	8
	2
	9
	16
	23
	30
	37

	15 MHz
	75
	12
	3
	14
	25
	36
	47
	58

	20 MHz
	100
	16
	4
	19
	34
	49
	64
	79


On the condition of bit limitation, in order to provide efficient and flexible resource allocation, it is beneficial to make resource allocation on large L as much as possible, which could guarantee the maximum flexibility of resource allocation. Therefore, we propose that L=2,3,4,5,6 are supported for flexible PUSCH starting PRB in TDD. 
Proposal 1: L=2,3,4,5,6 are supported for flexible PUSCH starting PRB in TDD.
If [image: ]+5 bits for flexible PUSCH starting PRB based on current RIV numbering, for 3 MHz system bandwidth, only 4 out 10 starting PRB can be supported for L=6. If ceil{log2(5 NULRB-5)} bits for flexible PUSCH starting PRB based on current RIV numbering, for 3MHz system bandwidth, one additional bit is still needed.
For legacy PUSCH resource allocation type 0 (non-hopping),  [image: ] bits provide the resource allocation. The physical meaning of  (NULRB )( NULRB +1)/2 is there are  ( NULRB +1)/2 groups and each group includes (NULRB ) RIVs.
For system bandwidth with 5MHz, 10MHz, 15MHz, 20MHz, [image: ]+5 bits are enough for flexible PUSCH starting PRB with L=2~6. To make similar formula to legacy PUSCH resource allocation type 0, there are 5 groups and each group includes (NULRB ) RIVs. 
For 3MHz system bandwidth, only 6bits can be used for flexible PUSCH starting PRB. To make similar formula to legacy PUSCH resource allocation type 0, there are 4 groups and each group includes (NULRB ) RIVs for L=3~5.  Thus, 60 states are used for L=3~5. The remaining 4 states can be used to indicate the four starting gap PRB locations (as shown in table 1) with L=2.
Therefore, [image: ]+5 bits are enough to indicate the resource allocation with L=2~6 for flexible PUSCH starting PRB in TDD. Therefore, we propose following option 3:
Option 3: [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.
Table 2: Number of bits for different options
	System bandwidth
	Total number of PRBs
	Number of bits:

	
	
	Option 1
	Option 2
	Option 3

	3 MHz
	15
	6
	7
	6

	5 MHz
	25
	7
	7
	7

	10 MHz
	50
	8
	8
	8

	15 MHz
	75
	9
	9
	9

	20 MHz
	100
	9
	9
	9


It is obvious that option 3 does not increase the DCI payload size, and provides maximum flexibility. Therefore, we propose:
Proposal 2: [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.
	Conclusions
In this contribution, considerations on flexible starting PRB of PUSCH in CEModeA in TDD are analyzed, and following proposals are provided:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: L=2,3,4,5,6 are supported for flexible PUSCH starting PRB in TDD.
Proposal 2: [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.
References
1. [bookmark: _Ref512327290][bookmark: _Ref493672055]RAN1#93 Chairman’s Notes, Busan, Korea, May 21-25, 2018
image1.wmf
ú

ú

ú

ù

ê

ê

ê

é

ú

ú

û

ú

ê

ê

ë

ê

6

log

UL

RB

2

N


image2.wmf
é

ù

÷

ø

ö

ç

è

æ

+

)

2

/

)

1

(

(

log

UL

RB

UL

RB

2

N

N


