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Proposed Device Classes for IEEE 802.16m Mobile Stations 

Yuval Lomnitz, Tom Harel, Sassan Ahmadi
Intel Corporation
1. Introduction

In IEEE 802.16e and WiMAX 1.0 mobile system profile (i.e., the legacy system) there is no explicit limitation on the maximum throughput supported by the MS. As a result, the MS must support the maximum throughput determined by the supported bandwidth, modulation, MIMO mode, etc, which is in some cases more than the throughput actually required. In 802.16m higher bandwidths, multi-carrier support, and various MIMO configurations are considered, which adds to the severity of the issue. This contribution proposes to define explicit limitations on the maximum processing capabilities required from the MS, and to keep a proportion between the processing requirements at different levels (subcarriers, bits, H-ARQ memory, etc), in order to allow more cost effective hardware solutions.
In addition to maximum throughput we propose to define the minimum bandwidth, minimum antenna configuration and multicarrier support.

2. Proposed IEEE 802.16m Device Classes
I. Scaling between WiMAX 1.0 and IEEE 802.16m
A WiMAX 1.0 device is required to have 2 receive antennas and operate at maximum BW of 10 MHz. A WiMAX 1.0 device may have up to 4-8 antennas and operate at BW of 20MHz, therefore if all requirements scale accordingly the processing requirements are between x4 and x8. Since the processing requirements are high to start with, and require parallelization, an increase in the processing requirements directly translates to a proportional increase in the HW (silicon) size which affects cost as well as power consumption.

This necessitates upper limits on the processing requirements, which will enable on the one hand to have a spectrally efficient network and on the other hand to build cost-efficient devices.

In principle, processing requirements are decoupled from BW support requirements: a low-throughput device may support large BW (which is required for network efficiency) with small processing requirements. However to minimize the number of different classes we suggest that a class will define simultaneously the processing, BW and minimal antenna configuration requirements.
II. The imbalance in WiMAX 1.0
In WiMAX 1.0 some limitation on the throughput exists implicitly because of H-ARQ buffer size, however this limitation doesn’t necessarily help reduce processing requirements. For example, a H-ARQ CAT 2 device is required to buffer 128 Kbits, and assuming coding rate 5/6 and RTT=3 frames (15ms), the H-ARQ traffic (without errors and buffer overflows) is 128Kbit/15ms(5/6=7 Mbps. However, the maximum DL data rate in WiMAX 1.0 profile (64QAM 5/6, 2x2 spatial multiplexing, PUSC, 10MHz) is 10 bit/subcarrier ( 720 subcarriers/symbol / 102.85(s = 70 Mbps. When operating in non-HARQ mode, the device has to be able to decode information at up to 70 Mbps (burst rate), while the actual throughput is approximately 7 Mbps. The conclusion from this is that some coarse alignment between the requirements is needed.
III. Analysis of factors affecting complexity
The following table summarizes the factors that affect the processing at the MS.
	Factor
	Main effect on complexity
	Note

	Number of subcarriers in symbol which might contain information for the MS (i.e. not known in advance that can be discarded, in the worst case subframe)
	DL: memory requirements on buffering of the subframe prior to processing

	Assuming double buffering of 2 subframes of at most 7 symbols, 3 bytes per subcarrier (12 bits per I/Q) then:
FFT 1024, 2 RX antennas ( 86 KB

FFT 2048, 4 RX antennas  (  344 KB

	Number of subcarriers (/streams) requiring processing
	DL: channel estimation, equalization and demodulation, memory
UL: modulation
	Channel estimation complexity scales as NRX(Nstreams; equalization complexity increases with number of streams.
Since also the peak spectral efficiency scales with the number of streams, it makes sense to define the maximum streams per symbol rather than subcarriers.

	Number of bits stored for H-ARQ combining (H-ARQ buffer size)
	DL: memory (~1B/bit)
UL: memory (1 bit/bit)
	DL stores metrics, UL stores bits

	Number of data bits to decode per symbol/subframe
	DL: Channel decoder (e.g. CTC) complexity
	Channel decoder complexity is significant in WiMAX 1.0.

	Peak throughput supported by the MAC per frame
	UL and DL complexity (encryption/decryption, QoS, packing, etc)
Depends also on average packet size
	

	Maximum channel bandwidth supported
	RF filteration requirements, ADC/DAC sampling rates, digital time-domain processing and FFT
	

	Multi carrier support – adjacent carriers
	May require (pending on specific details): 

More severe PA and filtration requirements stemming from reduced guard frequency; multiple FFT; additional filtration to separate carriers; etc
	

	Multi carrier support – disjoint carriers
	Separate RF chains per carrier (LO, mixer, filters)
	


IV. Considerations for minimum bandwidth 
Our recommendation is to set the minimum bandwidth supported by MS to 20Mhz (the maximum bandwidth considered for 16m) for all device classes. The alternative is that some MS supports minimum bandwidth of 5Mhz, and the system enables 5Mhz device in 20Mhz carrier, however this will create additional complexity in the system (and hence also in the devices). The cost implication of supporting larger bandwidth (if no larger processing is required) is relatively small.

V. Considerations for antenna configurations

Various antenna configurations can be considered: 2 RX/1 TX (baseline), 2 RX / 2 TX, 3 RX / 3 TX, 4 RX / 2 TX, 4 RX / 4 TX, 8 RX / 4 TX and many more. We cannot, and need not, define each configuration as a class. Therefore we considered only two minimum configurations: the 2 RX / 1 TX which is minimum for 16m, and the 4 RX / 2 TX which defined as target configuration by SRD. Thus, classes define the minimum antenna configuration, and any other antenna configuration that expands the minimum configuration is considered within the class.
VI. Considerations for determining the processing related factors

Most of these factors can be determined by using some proportion of the throughput supported by the MS. It’s important to stress that this throughput is just a key and doesn’t define the actual throughput that the MS can support in different scenarios, and the assumptions are not necessarily correct in each system, they are just used as a way to determine the ratio between different resources. The idea behind these factors is that the MS should be able to support the designated throughput in a reasonably good (but not extreme) scenario.
We suggest using the following key, with respect to the throughput Thp:

The average number of bits per symbol is 
AvgBps = Thp(FrameDuration/SymbolsPerFrame = Thp ( 5 ms/47

Number of streams requiring processing – assume traffic is condensed in ratio of 1:4 (e.g. two subframes per frame). Assume that the MS should reach the designated throughput at 16QAM ½ (i.e. in lower modulation it may not be able to reach its maximum throughput with this condensation ratio). Therefore 
#streams per symbol = AvgBps ( 4 / (2 bit/stream) = 212.5(s ( Thp
Number of bits stored for H-ARQ combining (H-ARQ buffer size): assume no-error and no-overflow transmission with RTT=2 frames (10 ms) and code rate ½ then Thp = Buffer / 10 ms ( ½, thus 

Buffer (bits) = 20ms ( Thp
Number of data bits to decode per symbol/subframe: As above assume traffic condensation of 1:4, then 
Bits Per symbol = AvgBps ( 4 = 425(s ( Thp
Number of bits supported by the MAC per frame: assume condensation of 1:4, therefore 

Bits = Thp ( 5ms ( 4 = 20ms ( Thp
The number of subcarriers potentially containing data for the MS (the first factor in the list) is more difficult to determine since it doesn’t relate only to the single user but also to the symbol structure and the layer 1 control processes, therefore limiting it may affect the flexibility, and we should be more cautious. We assume limiting this factor can be done by letting the MS know in advance which diversity or localized resource group (s) are allocated to it in each frame, and that we can assume that the maximum size of the resource group that will be allocated is ½ of the bandwidth. So we define this number to be the maximum between ½ of the subcarriers of 20MHz (i.e. 864), and the number of subcarriers processed.
In all factors we didn’t separate between UL and DL. The reason is that DL processing incurs more complexity and the requirements on DL throughput are usually higher, so the UL processing is not the limiting factor, and for simplicity the requirements can be symmetrical.
Note that for 2 RX over 20Mhz with code rate of 1 and with 11% pilot overhead the instantaneous throughput is 1728((16/18)(6(2/102.8 = 180 Mbps, so according to our assumption of 1:4 compression, the maximum throughput key is 45Mbps.

The final numbers were slightly rounded, e.g. the number of streams and bits were rounded according to PRU size of 18.

3. SDD text proposal

[Add the following text at the end of section 11.10]
- - - - - - - - - - - TEXT START - - - - - - - - -

11.10 Device Classes
A number of device classes are defined in order to reduce the cost and implementation complexity of mobile stations and to allow a range of device capabilities (from a baseline/basic class to an advanced/premium class) suited to the market needs and usage models. .  All device classes in the following table shall support a minimum bandwidth of 20 MHz and the support of eMBS is optional.
	Class
	Thput Key*
	Max instantaneous DL throughput [Mbps]
	Max subcarriers received
	Max streams processed
	H-ARQ buffer size [Kbit]
	Max bits per symbol
	Max bits per frame [Kbit]
	Minimum antenna configuration
	Highest Modulation 
	Multi-carrier Support

	Class 1 
	1
	4.44
	864
	216
	20 
	432
	20
	1TX

2RX
	DL: 64QAM

UL:16QAM
	No

	Class 2 
	20
	87.4
	1728
	3456
	400 
	8496
	400
	1TX

2RX
	DL: 64QAM

UL: 16QAM
	No

	Class 3 
	50
	166
	1728
	3456
	1000 
	20736
	1000
	1TX

2RX
	DL: 64QAM

UL: 64QAM
	No

	Class 4 
	20
	87.4
	1728
	4248
	400 
	8496
	400
	2TX

4RX
	DL: 64QAM

UL: 64QAM
	Yes

	Class 5 
	100
	318
	1728
	6912
	2000 
	41472
	2000
	2TX

4RX
	DL: 64QAM

UL: 64QAM
	Yes

	Factors
	
	
	425(s, min 864
	212(s
	20ms
	425(s
	20ms
	
	
	


Where:

· Throughput key is an informative parameter used to calculate the maximum values according to the factors (informative) in the last row. It is not a maximum throughput.

· Max instantaneous throughput (DL) is computed according to the max streams processed, considering 64 QAM 7/8, pilot overhead of 1/9 (2x2) or 4/27 (4x4), the maximum bits per symbol, and symbol duration of 97.1428(s (CP=1/16)
· Max subcarriers received: number of subcarriers in DL symbol which might contain information for the MS (i.e. not known in advance that can be discarded, in the worst case subframe)

· Max streams processed: number of streams requiring processing per symbol. Note: this number includes the pilots as additional streams, i.e. the maximum number of streams in a symbol is the number of subcarriers multiplied by the MIMO order.
· H-ARQ buffer size: number of coded bits (RX) or transmitted bits (TX) stored for H-ARQ combining
· Max bits per symbol: max number of information bits to decode/encode per symbol/subframe

· Max bits per frame: maximum number of bits contained in all PDUs (in DL and UL separately).
- - - - - - - - - - - TEXT END - - - - - - - - -

�Are the values based on 16e or 16m frame structure?






  


