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Clarification of Long TTI operation in IEEE802.16m Amendment
Kenichi KURI, Isamu YOSHII, Takaaki KISHIGAMI
 Panasonic Corporation
1 Introduction

This contribution includes the proposed Long TTI operation in the IEEE 802.16m Amendment. In the last meeting (Session #61), the definition of Long TTI operation has been approved [1]. However its definition is unclear. In this contribution, we clarify the definition of Long TTI operation.
2 Current AWD text and related issues
The definition of Long TTI operation has been approved according to comment #220 and #223 in commentary database [2] and related contribution [3] as follows.
Long TTI indicator indicates allocation span multiple subframes in time and it is expressed as 1 bit.
0b0: 1 subframe (default)

0b1: 4 DL subframes for FDD or all DL subframes for TDD

In this section, we explain unclear points of Long TTI operation in terms of expression, utilization efficiency of Long TTI indicator and allocation flexibility respectively. 
2.1 Expression
The expression of all DL subframes in Long TTI indicator(=0b1) is unclear. Therefore it can be also interpreted like Figure 1. The another interpretation of all DL subframes has a problem which MS has to keep storing the red circled whole DL resources in Figure 1 even if there is no DL basic assignment A-MAP for the MS before allocated subframe. As a result, MS needs to have large buffer. 
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Figure 1 another interpretation of all DL subframes
2.2 Utilization efficiency

Most of related contributions assume that MS reads the Long TTI indicator only the first subframe of DL subframes, and the others are ignored like Figure 2. In terms of DL basic assignment A-MAP mapped on after second subframe, the Long TTI indicator is transmitted wastefully.
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Figure 2 utilizing Long TTI indicator only first subframe
2.3 Allocation flexibility
The last AWD text described as Table 1 [4]. It was indicating the length of allocated subframe, probably expressed by 3bit. However the size of Long TTI indicator has been approved 1 bit due to minimizing the total size of DL basic assignment A-MAP like Table 2 in the last meeting (Session#61). 
Table 1 DL basic assignment A-MAP IE in AWDr1a [4] (i.e.Table 661)
	Syntax
	Size in bits
	Description/Notes

	A-MAP IE Type
	[4]
	TBD A-MAP IE types distinguish between UL/DL, SU/MU, OL/
CL MIMO operation, persistent/non-persistent allocation, basic/ extended IEs

	…
	…
	…

	Long TTI Length
	TBD
	Defines number of subframes spanned by allocations if not speci-fied in resource allocation information.

	…
	…
	…


Table 2 DL basic assignment A-MAP IE in AWDr2 [1] (i.e. Table 668)
	Syntax
	Size in bits
	Description/Notes

	DL-MAP(){
	
	

	   A-MAP IE Type
	4
	DL Basic Assignment A-MAP IE

	   …
	…
	…

	   Long TTI Indicator
	1
	Indicates number of subframes spanned by the allocated resource.

0b0: 1 subframe (default)
0b1: 4DL subframes for FDD or all subframes for TDD

	   …
	…
	…

	}
	
	


The pros and cons between the Long TTI definition of [4] and that of [1] are listed as Table 3.
Table 3 pros & cons between AWDr1a and AWDr2
	Spec.
	pros
	cons

	AWDr1a [4]
	· flexible allocated time span
	· need to more signaling bits

	AWDr2 [1]
	· minimize the size of Long TTI indicator
	· impossible to allocate flexibly


3 Proposed Long TTI operation
We propose that Long TTI indicator(=0b1) means all DL subframes after A-MAP mapped subframe for TDD in order to allocate flexibly and minimize the size of Long TTI indicator like Figure 3. In terms of D:U=5:3 TDD frame structure, the Long TTI indicator mapped on second and third subframe of DL subframes indicates allocation 4 and 3 contiguous DL subframes respectively. Following subsections explain two examples utilizing proposed Long TTI operation for the purpose of indicating benefits.
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Figure 3 Proposed Long TTI operation in case of Long TTI indicator (0b1)
3.1 example-1 (flexible allocation)
In this subsection, it assumes a case BS allocates MS which requires 32 LRU DL resources.  

If BS allocates the MS at only one subframe like Figure 4, the size of remaining resource is too small. 
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Figure 4 allocating the MS at only one DL subframe
According to the current Long TTI operation like Figure 2, the allocated resources are either too little or too much. In case of Figure 5(a), the allocated resources are lack of 2 LRU, MS can’t satisfy BLER requirement. In case of Figure 5(b), BS allocates 3 LRU redundantly.
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Figure 5 allocating the MS utilizing current Long TTI operation like Figure 2
Meanwhile, the allocation based on proposed Long TTI operation can fit 32 LRU just enough like as Figure 6.
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Figure 6 allocating the MS utilizing proposed Long TTI operation
3.2 example-2 (Group Resource Allocation)

In this subsection, it assumes a case BS allocates several MS utilizing GRA (Group Resource Allocation), the required resource 10LRU, 10LRU, 4LRU and 4LRU to MS1, MS2, MS3 and MS4.

The current Long TTI operation could not allocate 4 LRU under D:U=5:3 TDD frame structure. Therefore BS configures two groups, the first group includes MS1 and MS2, the other group includes MS3 and MS4 like Figure 7.
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Figure 7 Group resource allocation based on current AWD
However the GRA based on proposed Long TTI operation can combine all MS indicating Figure 8. In addition the proposed GRA can reduce the overhead of control information corresponding to GC(Group Configuration) A-MAP.
[image: image8.emf]1st DL sub-frame,

Long-TTI indicator

=0b1

DLDLDLULULUL

DL：5UL：3

Frame i

DLDLDLULULUL

Frame i+1

DLDLDLDL

GC

A-MAP

L_I =1

GRA

A-MAP

DL All.DL All.DL All.DL All.DL All.

DL All.DL All.DL All.DL All.DL All.

DL All.DL All.DL All.DL All.DL All.

DL All.DL All.DL All.DL All.DL All.

DL All.DL All.DL All.DL All.

MS1

MS2

MS3

including 

MS1, MS2, 

MS3, MS4

GRA

A-MAP

2nd DL sub-frame,

Long-TTI indicator

=0b1

DL All.DL All.DL All.DL All.

MS4

10LRU(=2*5)

10LRU(=2*5)

4LRU(=1*4)


Figure 8 Group resource allocation based on proposed Long TTI operation
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5 Text proposal in the 802.16m amendment
We propose to clarify the definition of description on Long TTI indicator as follows for the IEEE802.16m Amendment Working Document in Section 15.3.6.5.2.2.
============================== Start of Proposed Text =================================
15.3.6.5.2.2 DL basic assignment A-MAP IE
Table 668 describes the fields in a DL Basic Assignment A-MAP IE used for resource assignment in the DL.
Definitions of the fields in the DL Basic Assignment A-MAP IE are listed following Table 668.
Table 668 – DL basic assignment A-MAP IE

	Syntax
	Size in bits
	Description/Notes

	DL-MAP(){
	
	

	   A-MAP IE Type
	4
	DL Basic Assignment A-MAP IE

	   MCS
	[4]
	Depends on supported modes, 16 modes assumed as baseline

	   …
	…
	…

	   Resource Alloca-
   tion
	Variable
	Variable number of bits - depends on system  bandwidth. Informa- 
tion may include:

· Type of resource unit (DRU/CRU)

· Location (start/end)

· Allocation size

	   Long TTI Indicator
	1
	Indicates number of subframes spanned by the allocated resource.

0b0: 1 subframe (default)
0b1: 4DL subframes for FDD or
    all DL subframes after A-MAP mapped subframe for TDD
0b1: 4DL subframes for FDD or all DL subframes for TDD

	   …
	…
	…

	   MCRC
	[16]
	16 bit CRC masked by Station ID

	}
	
	


A-MAP IE Type: Defines the structure of the A-MAP IE for the bits in the A-MAP IE following the A-MAP IE type field. A-MAP IE Type distinguishes between UL/DL, basic/extended IE. Additional IE types are reserved for future use.
…
RA: Resource Allocation information is used to signal the type of resource unit allocated (DRU/CRU), the location (start/end) and allocation size.
Long TTI Indication: Indicator to signal allocations span multiple subframes in time.
============================ End of Proposed Text ===================================
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