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E-MBS Resource Partition for the IEEE 802.16m/D3 Amendment (16.9.1)
Zheng Yan-Xiu, Yu-Chuan Fang, Chang-Lan Tsai, Chung-Lien Ho
ITRI

1. Introduction
This contribution investigates E-MBS resource partition and proposes the text for the IEEE 802.16m/D3 Amendment [1].
2. Background
Fig. 1 provides an example illustrating the data flow between the physical (PHY) layer and the upper layer coding. At first, the data blocks are encoded to form the encoded blocks by the upper layer coding scheme which may be the network coding in [2], fountain codes, RS codes, or others. Herein, the exemplary upper layer coding scheme generate encoded blocks by directly mapping one data block or connect multiple data blocks by bit-wise modulo-2 addition denoted as ⊕. In this example, 5 encoded blocks are grouped and encoded by one FEC encoder. Finally, these bits in FEC encoded blocks are modulated into modulation symbols and then the modulation symbols are mapped into multiple logical resource units (LRUs). In other words, multiple data blocks are not only mapped into a larger FEC block but also mapped into large resources. 
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Fig. 1—An illustration of data flow between the physical layer and the upper layer coding
It is obvious that the larger blocks imply larger storage and longer latency at the receiver. The data blocks may need long time to be collected since larger packets are received. In addition, while multiple data blocks are mapped into one FEC block, a single FEC decoding failure would induce contiguous errors to multiple data blocks such that the upper layer coding scheme may not recover the missed data blocks. Besides, if few encoded blocks are further required by the upper layer decoding, the FEC block comprising many encoded blocks induces resource waste. Moreover, the upper layer coding may require other error detection. However, more redundant bits cause extra error detection overhead, e.g. CRC overhead. Therefore, the FEC block size should be restricted to smaller sizes against these problems.
3. E-MBS Resource Partition
For E-MBS, we propose using resource unit (RU) or subband as the unit for the data block to reduce storage overhead and reception latency, where the resource unit is smaller than the total allocated radio resource. On the contrary to popular coding concept, we choose smaller FEC blocks instead of the largest FEC block which renders the best error correction performance. Furthermore, the burst CRC could be reused for data block error detection to reduce CRC overhead. While the block size is reduced, the upper layer coding performs per E-MBS scheduling interval to reduce buffer and latency on AMS side.
An exemplary data flow is shown in Fig. 2 to explain resource unit based data block partition at the transmitter. At first, the data blocks are encoded to form the encoded blocks by the upper layer coding scheme and then each encoded blocks are encoded by the burst CRC. The CRC added blocks are encoded by the FEC encoder and modulated by an appropriate code rate and modulation order. Finally, the bits in FEC encoded blocks are mapped into resource units. Our object is to let the bits of one data block be mapped into one LRU. At the receiver the FEC decoder decodes data per LRU and X, Y and Z are sequentially obtained. A, B and C are quickly be decoded.
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Fig. 2—An exemplary data flow of resource unit based data block partition exemplary method

For more one example, assume total resource size is 100 RUs, the burst size is 2400 bytes (19200 bits), and one RU comprises 96 data tones. 16-QAM is used and the nominal rate is 1/2. According the partition rule specified in the current amendment [1], the burst would be partitioned into 4 FEC blocks and then each FEC block has 4800 bits. The four FEC blocks mapped to the resource are illustrated as Fig. 3. As compared with the current way, if we restrict the FEC block size to an RU, the total transmitted data are partitioned such that each burst has a FEC block comprising 200 bits. The actual code rate is about 0.52. As shown in Fig. 4, four RUs are remain and may be utilized by other traffic, e.g. unicast.

On the other hand, if we restrict the FEC block size to a subband, the total transmitted data are partitioned such that each burst has a FEC block comprising 800 bits. The actual code rate is also about 0.52. As shown in Fig. 5, one subband remains and may be reused by other traffic, e.g. unicast.
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Fig. 3—An exemplary resource allocation for the burst of 2400 bytes
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Fig. 4—An exemplary resource allocation for RU based data block partition
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Fig. 5—An exemplary resource allocation for subband based data block partition
4. E-MBS Resource Configuration
In MBS configuration message, one bits should be allocated to indicate if the coding scheme is applied the partition rule with smaller size. We can utilize E-MBS MAP to indicate a specific service within a zone applying this kind of rule through E-MBS_PARTITION_INDICATOR as shown in Table 1. E-MBS_PARTITION_INDICATOR presents the status for each service flow.

Table 1—The resource configuration indicating E-MBS partition

	Syntax
	Size (bits)
	Notes

	E-MBS-DATA_IE() {
	 
	 

	No. of MSTID+FIDs
	8
	Total number of E-MBS streams in the IE.

	for(i=0; i< No. of MSTID+FIDs; i++) {
	 
	 

	MSTIF+FID
	16
	Multicast STID + Flow ID of an E-MBS stream.

	ISize-Offset
	5
	Depends on supported modes, 32 modes assumed as baseline.

	MEF
	1
	E-MSB Encoding Format

0b0: SFBC,  0b1: Vertical Encoding

	E-MBS_PARTITION_INDICATOR
	1
	0: unicast partition rule; 1: E-MBS partition rule

	if (MEF == 0b0) {
	 
	 

	Mt    }
	1
	Number of streams for transmission for Nt = 2, Nt = 4, and Nt = 8 (Mt <= Nt)

0b0: 1 stream,      0b1: 2 stream

	E-MBS Frame/AAI subframe offset
	[TBD]
	Include the location of the frame/AAI subframe where the E-MBS data burst begins.

	E-MBS Resouce Indexing
	[TBD]
	Include the location of the subcarrier index where the E-MBS data burst begins

	Allocation period
	[TBD]
	Inter-arrivel intervals of E-MBS data bursts for an E-MBS stream (in number of frames)

	}
	
	

	}
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6. Text proposal for the 802.16m amendment
Instruction to editor;

Black text: existing D2 text

Red and strike out text: for deletion
Blue and underline text: for addition

============================== Start of Proposed Text =================================
Make the following changes in section 16.9.1.1, page 640, line 52 and section 16.9.1.2, page 641, line 6:
16.9.1 E-MBS Transmission Modes
16.9.1.1 Non-Macro Diversity Mode

Non-macro diversity mode is provided by frame level coordination only, in which the transmission of data across ABSs in an E-MBS Zone is not synchronized at the symbol level. However, such transmissions are coordinated to be in the same frame. This MBS transmission mode is supported when macro-diversity is not feasible. For all ABSs that belong to the same E-MBS Zone, the following coordination shall be assured:

· The set of MAC SDUs carrying E-MBS content shall be identical in the same frame in all ABS in the same E-MBS Zone;

· The mapping of MAC SDUs carrying E-MBS content onto MAC PDUs shall be identical in the same frame in all ABS in the same E-MBS Zone, meaning, in particular, identical SDU fragments and identical fragment sequence number (block sequence number) and fragment size
Coordination in the E-MBS Zone assures that the AMS may continue to receive E-MBS transmissions from any ABS that is part of the E-MBS Zone, regardless of the AMS operating mode-Active Mode, Sleep Mode and Idle Mode-without need for the AMS to register to the ABS from which it receives the transmission.
E-MBS can apply two burst partition rules. The first burst partition rule is the same as section 16.3.11.1.2. The second burst partition rule is used to support upper layer codings and partition a burst into multiple sub-bursts. The second rule will firstly calculate the length of information bits coded by FEC given on the size of an LRU. Then it eliminates the length of burst-CRC to calculate length of sub-burst. The second rule partition the burst based on the length and pads zero bits if the burst length can not be the multiple of the length of sub-bursts. Each sub-burst is encoded following the section 16.3.11.1. In E-MBS MAP, E-MBS_PARTITION_INDICATOR indicates the used partition rule.
16.9.1.2 Macro Diversity Mode

In addition to coordination, E-MBS transmissions may optionally be synchronized across all ABSs within an E-MBS Zone. This option enables an AMS to extract macro-diversity gains in the multicast or broadcast transmission from multiple ABS, thereby improve the reliability of reception. When macro-diversity is used, the mapping of SDUs into the E-MBS Bursts is identical, and the same E-MBS bursts are transmitted using the same time-frequency resource in all involved ABS; additional parameters may also be required to be identical across ABSs if macro-diversity is used.

In macro-diversity mode, within one E-MBS Zone all ABSs participating in the same E-MBS service shall be time and frequency synchronized in the transmissions of common E-MBS data to allow macro diversity gain at the AMS. When macro-diversity is enabled the E-MBS bursts positions and dimensions as well as PHY parameters shall be the same across all ABS's within the same E-MBS Zone. In addition to the coordi​nation parameters such as E-MBS Zone ID, STID & FID, MSI, and Packet Classification Rule parameter(s), macro-diversity synchronization requires that all ABSs within the same E-MBS Zone shall use the same

· Transmission PHY parameters, MCS associated with each E-MBS Burst including FEC Type, Mod​ulation Type, and Repetition Coding

· Mapping of SDUs to PDU (order of the SDUs and fragments) including Extended Headers ) 

· Mapping of PDUs to bursts

· Order of bursts in the zone/region

· E-MBS MAP construction

Mechanisms and procedures for multiple ABSs to accomplish the synchronized transmission (which implies performing functions like classification, fragmentation, scheduling at a centralized point like the E-MBS Server) are outside the scope of this standard.
E-MBS can apply two burst partition rules. The first burst partition rule is the same as section 16.3.11.1.2. The second burst partition rule is used to support upper layer codings and partition a burst into multiple sub-bursts. The second rule will firstly calculate the length of information bits coded by FEC given on the size of an LRU. Then it eliminates the length of burst-CRC to calculate length of sub-burst. The second rule partition the burst based on the length and pads zero bits if the burst length can not be the multiple of the length of sub-bursts. Each sub-burst is encoded following the section 16.3.11.1. In E-MBS MAP, E-MBS_PARTITION_INDICATOR indicates the used partition rule.

============================== End of Proposed Text =================================
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※ “⊕” represents the modulo-2 addition.
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