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UL symbol structure design for 802.16m -- symbol structure and pilot design

Yuval Lomnitz, Huaning Niu, Jong-Kae (JK) Fwu, Sassan Ahmadi, Hujun Yin

Intel Corporation

Introduction and Background

This contribution proposes an 802.16m uplink symbol structure design with the main focuses on resource block and pilot pattern designs. Since the symbol structure is a tool to support various PHY functionalities (such as various MIMO modes, interference mitigation, etc), the 16m symbol structure should (1) support broadly potential basic PHY features, (2) satisfy SRD explicit and derived requirements and trade-offs, and (3) provide flexibility to add future advanced features. 

Proposal

In order to meet the goals mentioned above, the proposed symbol structure and resource blocks include the following features
· Hierarchical symbol structure for dynamic and effective resource allocation.

· Support FDM with 16e AMC, TDM with 16e PUSC 

· Support 3 types of resource allocations (1) distributed, (2) localized and (3) hopping localized resource allocations.
· UL is tile based structure whereas with different tiles size and pattern than 802.16e UL tile. 
Similarly, the main features of the proposed pilot design include

· Maximize spectral efficiency by considering pilot overhead and channel estimation loss

· Optimize the tradeoff between diversity gain and pilot efficiency for distributed resources

· Optimized for collaborative MIMO as main operating mode (rather than for SISO), resulting in favoring larger tiles

· Reuse the same pilot pattern as DL for localized resources

· Support different MIMO modes, number of antennas, and number of streams

The pilot patterns proposed in this contribution are obtained by computer optimization with manual fine-tuning.
Description of the Concept

Please refer to [1] (Section 1) for any further details on the 16m uplink symbol structure general concept, requirements and design.

Proposed Text for SDD

Insert the following text into SDD Section 11 – Physical Layer [5]
-------------------------------  Text Start  ---------------------------------------------------

11.x: UL Physical Structure 

The uplink physical structure supports three different resource allocation schemes simultaneously in the same subframe/zone, including localized, distributed and hopping localized (HL) allocations. Localized resources are mainly intended for utilizing frequency selective scheduling gain using channel information/feedback, while distributed and HL resources supply frequency diversity. HL allocations are used by power-limited users to enable higher transmit power. The uplink physical structure is provided through a hierarchical structure as depicted in Figure 1, where the symbol is first split into frequency partitions. These partitions are mainly intended for FFR, and are assumed to be slowly changing based on mutli-cell decisions. Each partition can be split into localized, distributed and hopping localized groups, and then these groups are further split into individual subchannels or logical resource units (LRUs).
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Fig. 1. Hierarchical UL physical structure
11.x: UL Physical and Logical Resource Unit

An UL physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecutive subcarriers by Nsym consecutive OFDMA symbols. Psc equals to 18 subcarriers and Nsym equals to 6. An UL logical resource unit (LRU) is the basic logical unit for resource allocation that comprises Lsc subcarriers by Nsym consecutive OFDMA symbols. In the case UL LRU, Lsc is equal to Psc.

11.x: UL Symbol Structure 
An UL tile is physically contiguous group of 9 subcarriers by 3 symbols. An UL hopping unit (HU) is physically contiguous group of 18 subcarriers by 3 symbols. An UL slot/LRU is logical block of Lsc subcarriers by Nsym symbols unit, with default value of 18 subcarriers by 6 OFDM symbols, i.e. Lsc=18, Nsym=6 including both pilots and data tones.  In localized resource allocation, a localized LRU is one PRU. In distributed resource allocation, a distributed LRU contains 4 tiles distributed across the distributed allocation.  In HL allocation, a hopping LRU contains 2 HUs that are hopping to a different frequency across a subframe time.
11.x: UL Localized Resource Unit (LLRU)

Localized subchannels contain subcarriers which are contiguous in frequency. 

11.x: UL Distributed Resource Unit (DRU)

Distributed subchannels contain tiles which are spread across frequency within the frequency partition. The tiles within the distributed groups are permuted across distributed group to maximize frequency diversity.

11.x: UL Hopping Localized Resource Unit (HLRU)

Hopping Localized subchannels contain contiguous hopping units which hop across different frequency in time with the same Nsym symbol duration. 

11.x: UL Subchannelzation and Resource Mapping
“UL RB Allocation Process” is shown in figure 2.
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Figure 2. UL resource blocks allocation process

The UL RB allocation process is defined as follows: 

(1) The UL PRUs are partitioned into different frequency partitions.

(2) Each frequency partition is divided into localized, distributed and/or hopping localized groups. The size of each group is flexible. 

(3) n chunks of (18m x 6) HL resources are reserved for hopping users and  are divided into hopping units (with size 18x3). Each HL user is allocated a continuous chunk of HL units changing each dwell time.

(4) The localized and distributed groups are mapped into localized (by direct mapping) and distributed RBs (by “tile permutation”). 

11.x: Pilot patterns

· The UL pilot pattern for localized allocation with PRU/LRU size of 18x6 is the same as for the DL (pattern A for ½ streams, pattern B for 4 streams). A new UL pilot pattern for UL distributed tile size of 9x3 (pattern C) is shown in figure below. Two 9x3 Pattern C pilots from UL distributed tiles are concatenated to support HL allocation with HU size of 18x3. For 1 stream transmission, a single stream out of the 2 stream pilot pattern will be used (the pilot locations of the other stream are used for data). Table I summarizes the boosting value for each pattern, where the boosting value is defined as the pilot boosting power over average non-boosted power of data tones from each single stream. Table II summarizes the usage of different pilot patterns. 
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Fig. 3 Pattern A, B and C
Table I. Pilot boosting value 

	Pilot pattern
	Pattern A
	Pattern B
	Pattern C

	Boosting value (1 stream)
	5dB
	N/A
	2dB

	Boosting value (2 stream)
	7dB
	N/A
	5dB

	Boosting value (4 stream)
	N/A
	8dB
	N/A


Table II. Pilot pattern summary
	 
	Localized
	Distributed and HL

	1 TX
	A
	C

	2 TX or collrborative MIMO (2x1TX)
	A
	C

	4 TX or collaborative MIMO (4x1TX, 2x2TX)
	B
	Not supported


-------------------------------  Text End  ---------------------------------------------------
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