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11.6 Uplink Physical Structure

As described in section 11.4, the 5 ms radio frame is divided into 8 subframes. Each of the subframes can be allocated for uplink transmission. Each subframe is divided into a number of frequency partitions, where each partition consists of a set of physical resource units across the total number of OFDMA symbols available in the subframe. Each frequency partition can include contiguous (localized) and/or non-contiguous (distributed) physical resource units. Each frequency partition can be used for different purposes such as fractional frequency reuse (FFR). Figure 11.6-1 illustrates the uplink physical structure in the example of two FFR groups with FFR group 2 including both localized and distributed resource allocations.
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Figure 11.6-1
11.6.1 Physical and Logical Resource Unit

A physical resource unit (PRU) is the basic physical unit for resource allocation that comprises Psc consecutive subcarriers by Nsym consecutive OFDMA symbols. Psc is 18 subcarriers and Nsym the number of OFDMA symbols depending on the subframe type. A logical resource unit (LRU) is the basic logical unit for distributed and localized resource allocations and its size is Psc*Nsym subcarriers for data transmission.  For control channel/message transmission, the size is TBD.  The LRU includes in its numerology the number of pilots that are used in a PRU, and may include control information. So, the effective number of data subcarriers in an LRU depends on the number of allocated pilots and control channel presence.

11.6.1.1 Distributed Resource unit

The distributed resource unit (DRU) can be used to achieve frequency diversity gain. The DRU contains a group of subcarriers which are spread across the distributed resource allocations. The size of the DRU equals the size of the LRU for distributed allocations. The minimum unit for forming the DRU is a tile. T different types of tiles are defined, where T is TBD. The minimum unit for forming the UL DRU is a UL tile; the UL tile sizes are 6xNsym, where Nsym depends on the subframe type.  18x2 for UL transmit power optimized distributed allocation and other tile sizes are FFS.

11.6.1.2 Localized Resource unit
The localized resource unit (LLRU) can be used to achieve frequency-selective scheduling gain. The LLRU contains a group of subcarriers which are contiguous across the localized resource allocations. The size of the LLRU equals the size of the LRU for localized allocations, i.e., Psc subcarriers by Nsym OFDMA symbols.

11.6.2 Subchannelization and Resource mapping

11.6.2.1 Basic Symbol Structure

The subcarriers of an OFDMA symbol are partitioned into Ng,left left guard subcarriers, Ng,right right guard subcarriers, and Nused used subcarriers. The DC subcarrier is not loaded. The Nused subcarriers are divided into PRUs. Each PRU contains pilot and data subcarriers. The number of used pilot and data subcarriers depends on the type of resource allocation, i.e., distributed or localized resource allocations.
11.6.2.2 Uplink Subcarrier to Resource Unit Mapping

The main features of resource mapping include:

· Support of localized resource unit (LLRU) and distributed resource unit (DRU) in an FDM manner.
· DRUs comprise multiple tiles which are spread across frequency partitions to get diversity gain.
· FFR can be applied in UL.
Based on the main design concepts above, the UL subcarriers  to resource unit mapping process is defined as follows and illustrated in Figure 11.6.2.2-1:

1. First-level or outer permutation is applied to the PRUs in the units of N1 and N2 PRUs, where N1=4 (TBD) and N2=1 (TBD). Direct mapping of outer permutation can be supported.

2. Distributing (TBD) the reordered PRUs into frequency partitions.

3. The frequency partition is divided into localized (LLRU) and/or distributed (DRU) resources for each resource. Using sector specific permutation can be supported; directly mapping of the resources can be supported for localized resource. The sizes of the distributed/localized resources are flexibly configured per sector (TBD). Adjacent sectors do not need to have same configuration of localized and diversity resources. 

4. The localized and distributed groups resources are further mapped into 1 LRUs. For the LLRU resources, the mapping is direct. For the DRU resources, an tile or hopping permutation is carried out for permuting or hopping the tiles of the distributed groups.
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11.6.2.3 Subchannelization for UL Distributed Resource

A second-level permutation permutes PRUs within a frequency partition. The localized resource could be directly mapped.  The tile permutation defined for the uplink distributed resource allocations spreads the tiles of the DRU across the whole allocated frequency band. The granularity of the inner permutation is equal to the minimum resource unit for forming a DRU as defined in Section 11.6.1.1.

Two kinds of distributed resource allocation are used for UL distributed 

subchannelization, (1) regular distributed allocation (2) UL transmit power optimized 

distributed allocation. The UL transmit power optimized distributed allocation will be 

allocated first. The rest of the frequency resource will be regular distributed allocation. A 

second level hopping/permutation sequence (TBD) is defined for the power optimized 

allocation that spreads the hopping units across frequency. The second-level or inner 

permutation defined for the UL regular distributed resource allocations spreads the tiles 

of the DRU across the frequency band. The granularity of the inner permutation is equal 

to the tile size for forming a DRU according to section 11.6.1.1.

11.6.2.4 Subchannelization for UL Localized Resource

 Localized subchannels contain subcarriers which are contiguous in frequency.  There is no second-level or inner permutation defined for the UL localized resource allocations. The LLRU is directly mapped to localized LRU within each frequency partition. Precoding and/or boosting applied to the data subcarriers will also be applied to the pilot subcarriers.

 Uplink LLRUs frequency allocations can match that of downlink LLRUs such that channel reciprocity traits can be exploited.

11.6.3 Pilot Structure

The transmission of pilot subcarriers in the uplink is necessary for enabling channel estimation, measurement of channel quality indicators such as SINR, frequency offset and timing offset estimation, etc. The uplink pilots will be dedicated to localized and distributed resource units and will be precoded using the same precoding with the data subcarriers of the resource allocation. The pilot structure is defined for up to 4 Tx streams with orthogonal patterns..

 Pilot patterns shall have a mode which enables active interference supression algorithms to be employed.  This includes:

•
Pilot locations fixed within each DRU and LRU

•
Pilot sequences with low cross correlation

The pilot pattern may support variable pilot boosting. The boosting values are TBD. 
11.6.4 Uplink Physical Structure for Legacy Support

The 802.16m uplink physical structure supports both FDM (frequency division multiplexing) and TDM (time division multiplexing) with the legacy system. When the legacy system operates in the PUSC mode, then the type of multiplexing is TBD. If the legacy system operates in the AMC mode, then the uplink resources for the legacy and the 802.16m system are multiplexed using FDM or TDM. 

Appendix A

This appendix provides the design and down-selection criteria as documented in C80216mUL_PHY-08_018.doc which can be used as an initial point for the discussions and consensus building in the UL PHY RG.

Since the symbol structure is a tool to support various PHY functionalities (such as various MIMO modes, interference mitigation, etc), the 802.16m symbol structure should 

1. broadly support potential basic PHY features

2. satisfy the SRD explicit and derived requirements and trade-offs, and 

3. provide flexibility to add future advanced features.

The general UL PHY structure criteria are:

· Support both localized and distributed allocations
· Support different MIMO modes, # of antennas, # of streams, and # of users
i. Open-loop SISO and MIMO transmission with 2 and 4 UL data streams 

ii. UL precoding/beamforming for multi Tx antenna MSs

iii. Collaborative spatial multiplexing, with 2,4 Rx antennas, and 1,2 Tx antennas per user [Support for up to four single-stream users in collaborative spatial multiplexing (CSM) mode]
· Criteria for tile size and pilot pattern selection
i. Optimize the tradeoff between diversity and pilot efficiency for distributed resources

ii. Optimized for collaborative MIMO as main mode (rather than SISO) with acceptable performance for SIMO

iii. Minimize power fluctuation across OFDMA symbols after pilot power boosting is applied (if applicable)
iv. Mobility support according to the SRD: Optimized for Pedestrian 0 - 10 km/h; graceful degradation for Vehicular 10 - 120 km/h; maintain connection for mobile speeds up to 350 km/hr 
· Support various UL Control Channels (Ranging, ACK/NACK, CQICH)
· Optimize for the overall UL system throughput, but also consider and include the cell-edge and high-mobility user performance enhancement for link budget and Tx power
·  UL performance shall be evaluated using actual channel and weight estimation algorithms taking into account:
· Proposed pilot locations and pilot sequences that enable an efficient frequency offset, time offset and noise estimation
· The effects of realistic time and frequency offsets
· Consideration of both noise limited and interference limited scenarios.
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