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1. Problem Statement

1.1 Background
UL power consumption is a major roadblock for widespread adoption of 802.16e in handsets and handheld devices. LTE is expected to challenge 802.16e primarily on UL power consumption. Feasibility of devices with small batteries (<1000mAh) requires significant improvement in the average power consumption of mobile WiMAX

A key component is the power amplifier (PA) which typically consumes 1W or more during transmission (at 23dBm output) 

We propose a significant reduction of the average battery consumption.

1.2 Improving average Tx power consumption 
The standard defines “horizontal” (snake-like) allocations in the uplink to maximize allowable transmit power per subchannel for MSs far from the BS. For nearer MSs, the power control mechanism reduces the total transmitted power as needed
As is shown below, for MSs that are not in the cell edge, it is significantly better to keep the total transmit power and reduce the transmission time.
We consider two possible data allocations for UL transmissions: “horizontal” allocations as is defined in current standard and “vertical” as is described in Figure 1 below.
Example: Assume a 10-slot allocation. It can be transmitted the following way:

· Horizontal allocation: 2 subchannels x 15 symbols
· Vertical allocation: 10 subchannels x 3 symbols

The vertical allocation will transmit only 1/5 of the time of the horizontal allocation but with output power 5 times higher (i.e. 7 dB higher).

The MS power consumption however does not scale linearly with transmit power:

· Baseband and RF transceiver's power consumption remain constant

· The PA’s efficiency significantly degrades when reducing output power

· For example total current at 21dBm is 400mA while it is 280mA at 14dBm
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Figure 1: “Horizontal” vs. “Vertical” UL transmission definition
Since in “vertical” allocation the UL transmit time is reduced by 5x there is a significant power to be saved. Following the above example:
· In horizontal allocation MS consumes 280mA for 100% of the UL zone

· In vertical allocation MS consumes: 400mA for 20% of the UL zone or 80mA on average 
( As a result power consumption in “vertical” allocation compared to “horizontal” allocation is 3.5x lower !

1.3 Suggested UL transmit scheme and backward compatibility

It is suggested to allow BS to schedule “vertical” allocations for power sensitive MS that are not transmitting at maximal power (i.e. at zero headroom) following the next rules:
· Vertical allocations are defined and protected by UIUC 13 (Safety Region referred herein as “protected region”). 

· Legacy 802.16e MSs will simply skip those regions since they are allocated using UIUC 13.
· UL power-save allocation IE compliant MSs may use this zone for vertical UL transmissions using a new extended-2 IE. To use the new Extended-2 IE, UL-MAP contains:
· Regular IE’s (for Legacy 802.16e MS allocations)

· One or more UIUC 13 IE’s (safety zones, to create protected regions)

· One or more Extended-2 IE (wrapping all allocations to UIUC=13 safety zones)
The combination of possible UL transmissions is depicted in Figure 2:
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Figure 2: UL subframe containing “horizontal” and “vertical” allocations
· In any case there is no change in transmitted spectral density or compliance with power control loop rules.

· It is up to the BS to decide which UL power-save allocation IE compliant MSs are allocated into protected regions based on reported power headroom and other implementation specific BS parameters.
· BS may know if registered MS is power sensitive or not according to proposed new TLV transmitted during SBC-REQ capability exchange phase. This will allow BS to apply the power saving schemes only to MSs that will benefit from it.
2. Proposed text changes to the 802.16Rev2 draft 

2.1 In page 760 change the following:
Table 368—Extended-2 UIUC code assignment for UIUC = 11

	Extended-2 Type (hexadecimal)
	

	00
	CQICH Enhanced Allocation IE

	01
	HO Anchor Active UL-MAP IE

	02
	HO Active Anchor UL-MAP IE

	03
	Anchor BS Switch IE

	04
	UL Sounding Command IE

	05
	Reserved

	06
	MIMO UL Enhanced IE

	07
	HARQ UL MAP IE

	08
	HARQ ACKCH Region Allocation IE

	09
	MIMO UL Basic IE

	0A
	Mini-subchannel allocation IE

	0B
	UL power-save allocation IE

	0B 0C…0D
	Reserved

	0E
	AAS SDMA UL IE

	0F
	Feedback Polling IE


2.2 At the beginning of page 828 add the following section, figure and table:
8.4.5.4.29 UL Power Save IE

MS may save UL power consumption by transmitting over larger part of active subcarriers over shorter amount of time. To achieve that BS may set special protection regions defined by UIUC=13 with bit “PAPR Reduction/Safety Zone” set to 1 (safety zone). Bursts are allocated in those protection regions using UL power save allocation IE defined below. In case multiple UIUC=13 safety zones are defined within UL subframe they are identified using Protection region ID variable defined below. 

An example of how UIUC=13 safety zone is used within UL subframe to allow power-efficient UL transmission is described in Figure 244
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Figure 244: Battery optimized uplink allocation using UIUC=13 (safety zone)

Table 426: UL power save allocation IE format
	Syntax
	Size
	Note

	UL_Power_Save_Allocation_IE()   {
	
	

	Extended-2 UIUC 
	4
	0x0B 

	Length 
	8
	Length in bytes of data field 

	Protection region ID
	4
	Points to one of the protection regions defined in UL-MAP as UIUC=13 safety zone. The ID is at range of 0…15 according to order of UIUC=13 safety zone regions definition in UL-MAP.

	Reserved
	4
	

	while (map data remains){ 
	
	

	UL-MAP_IE() 
	Variable
	

	}
	
	

	}
	
	


UL-MAP_IE() defined within the UL_Power_Save_Allocation_IE follows same rules for UL allocations and may include any UL IEs (for example: UL HARQ IE).
2.3 In page 1119 add the following section:
11.8.3.7.21 OFDMA Power Sensitive MS

This field indicates that MS is a power sensitive device that can possibly benefit from using UL Power Save IE defined in 8.4.5.4.29
	Name
	Type
	Length
	Value
	Scope

	Power Sensitive MS
	205
	1
	0: MS is not power sensitive device
1: MS is power sensitive device
	SBC-REQ,
SBC-RSP



  


