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Random Access Throttling
Erik Colban, George Cummings, et al.
Huawei
Abstract
This contribution proposes text changes to the AWD to allow the BS to throttle the number of ranging attempts performed by the M2M devices in order to reduce congestion on the ranging channels.

Background
One of the most important features of M2M communication is that it needs to handle a large number of devices (there may be as many as 30,000 devices in a cell).  Call models used for dimensioning of networks used for human communications may not apply to M2M communications. Unlike communications that are initiated by humans, M2M communications are typically triggered by events. Catastrophic events such as earthquakes, flooding, fire, power outages are examples of such events. Other examples are events that are not catastrophic by nature, but that, by the laws of their statistical distribution in time or by the way that the devices have been programmed to react to them, occasionally cause a number of devices larger than normal to access the network at the same time. Without measures in place to handle such bursts of network access, the network could become congested, which has detrimental consequences.

The procedure that the device must initiate to obtain an allocation depends on the state of the device. If the subscriber station is in idle state—and it is expected that M2M devices will spend most time in idle state—the procedure starts with initial ranging. If there are thousands of subscriber stations ranging within a short time interval, the probability of collisions is very high. With thousands of M2M devices sending ranging codes over a very short time interval, the BS may not be able to decode correctly more than a very few of the transmitted codes or, even worse, none at all.

The backoff mechanism specified in the standard has the effect of spreading the ranging from the different subscriber stations over a larger interval of time, thus reducing the probability of collisions. However, if the number of devices attempting ranging is higher than the capacity of the BS over a longer period of time, the backoff mechanism results in an increase in the number of overall ranging attempts since the subscriber stations will continue ranging attempts until they are either successful or they have exhausted the number of permitted attempts.
In contributions C802.16p-11/0012 and C802.16p-11/0024r4, we showed that there are methods that may be used to estimate the number of MS and devices that are accessing the contention based ranging opportunities over a given interval of time. In this contribution we are proposing a mechanism that the BS may use to throttle the access attempts in order to reduce the risk of congestion on the ranging channels.

Solution Description

The BS signals periodically a parameter “Probability”. The probability parameter reduces congestion by temporally allowing only a fraction of the devices to perform ranging, thus reducing the number of collisions. The devices follow the procedures that are specified in the 802.16 standards, with the following exception: When an MS is an M2M device, before sending the ranging code, it shall generate a random number in the range of the Probability parameter. If the generated number is less than or equal to the parameter value, then the device transmits the code. If the generated number is greater than the value of the parameter value, the device shall not transmit the code and shall behave as if the code had been transmitted but no acknowledgement was received from the BS. This means that the device shall follow the back-off procedure already specified in the standards. The device shall generate a new number for each new attempt. 
Proposed Changes
Change 1: On page 2, insert the following text:

>>>>>>>>>>>>>>>>>>>> Start of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

6.3.8 Contention resolution

[Modify this section as indicated:]
The BS controls assignments on the UL channel through the UL-MAP messages and determines which

minislots are subject to collisions. Collisions may occur during initial ranging and request intervals defined

by their respective IEs. The potential occurrence of collisions in request intervals is dependent on the CID in

the respective IE. This subclause describes UL transmission and contention resolution. For simplicity, it

refers to the decisions an SS makes. Since an SS can have multiple UL service flows (each with its own

CID), it makes these decisions on a per CID or per service QoS basis.

The mandatory method of contention resolution that shall be supported is based on a truncated binary

exponential backoff, with the initial backoff window and the maximum backoff window controlled by the

BS. The values are specified as part of the UCD message and represent a power-of-two value. For example,

a value of 4 indicates a window between 0 and 15; a value of 10 indicates a window between 0 and 1023.

When an SS has information to send and wants to enter the contention resolution process, it sets its internal

backoff window equal to the request (or ranging for initial ranging) backoff start defined in the UCD

message referenced by the UCD Count in the UL-MAP message currently in effect.
The SS shall randomly select a number within its backoff window. This random value indicates the number

of contention transmission opportunities that the SS shall defer before transmitting. An SS shall consider

only contention transmission opportunities for which this transmission would have been eligible. These are

defined by Request IEs (or Initial Ranging IEs for initial ranging) in the UL-MAP messages. Note that each

IE may consist of multiple contention transmission opportunities.

Using BRs as an example, consider an SS whose initial backoff window is 0 to 15 and assume it randomly

selects the number 11. The SS shall defer a total of 11 contention transmission opportunities. If the first

available Request IE is for 6 requests, the SS does not use this and has 5 more opportunities to defer. If the

next Request IE is for 2 requests, the SS has 3 more to defer. If the third Request IE is for 8 requests, the SS

transmits on the fourth opportunity, after deferring for 3 more opportunities.

If the BS has included a Ranging Probability TLV (type [TBD]) in the UCD message, an M2M device shall, before transmitting any ranging code in the selected ranging slot, generate a random integer uniformly distributed in the interval [0,15]. If this number is less than or equal to the number transmitted in the Ranging Probability TLV, the probability criterion is met and the device may transmit the code. Otherwise, the M2M device shall not transmit any code and shall proceed in the same manner as when the transmission is lost, as described below.
After a contention transmission, the SS waits for a Data Grant Burst Type IE in a subsequent map (or waits

for a RNG-RSP message for initial ranging). Once received, the contention resolution is complete.

The SS shall consider the contention transmission lost if no data grant has been received in the number of

subsequent UL-MAP messages specified by the Contention-Based Reservation Timeout parameter (or no

response within T3 for initial ranging). The SS shall now increase its backoff window by a factor of two, as

long as it is less than the maximum backoff window. The SS shall randomly select a number within its new

backoff window and repeat the deferring process described above. In particular, after selecting a new ranging slot in the new backoff window, an M2M device shall generate a new random integer in the interval [0,15] and transmit a ranging code in the newly selected ranging opportunity only if this number is less than or equal to the number transmitted in the Ranging Probability TLV in the UCD message. 
This retry process continues until the maximum number (i.e., request retries for BRs and contention ranging

retries for initial ranging) of retries has been reached. For M2M devices, a transmission that is omitted due to a generated number that does not meet the probability criterion shall count toward the number of retries. At this time, for BRs, the PDU shall be discarded. For initial ranging, proper actions are specified in 6.3.9.5. Note that the maximum number of retries is

independent of the initial and maximum backoff windows that are defined by the BS.

For BRs, if the SS receives a unicast Request IE or Data Grant Burst Type IE at any time while deferring for

this CID, it shall stop the contention resolution process and use the explicit transmission opportunity.

The BS has much flexibility in controlling the contention resolution. At one extreme, the BS may choose to

set up the request (or ranging) backoff start and request (or ranging) backoff end to emulate an Ethernet-style

backoff with its associated simplicity and distributed nature as well as its fairness and efficiency issues. This

would be done by setting request (or ranging) backoff start = 0 and request (or ranging) backoff end = 10 in

the UCD message. At the other end, the BS may make the request (or ranging) backoff start and request (or

ranging) backoff end identical and frequently update these values in the UCD message so that all SS are

using the same, and hopefully optimal, backoff window.

>>>>>>>>>>>>>>>>>>>> End of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
Change 2: On page 2, insert the following text:

>>>>>>>>>>>>>>>>>>>> Start of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<
11.3.1 UCD channel encodings
[In Table 571, insert a new TLV as indicated:]
	Name
	Type   (1 byte)
	Length
	Value (variable length)

	 Ranging probability
	[TBD]
	1
	Bits # 0-3: Probability of initial ranging 

Bits # 4-7: Probability of bandwidth request ranging

The signaled probability is N/16, where N is the value of the four bits. This is the probability that a discrete random variable uniformly distributed over the interval [0, 15] is equal to or less than N. 


>>>>>>>>>>>>>>>>>>>> End of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

Change 3: On page 6, after the heading “16.2.11 Bandwidth Request and Allocation Mechanism”, insert the following change:

>>>>>>>>>>>>>>>>>>>> Start of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

[Modify section 16.2.11.1.1 as indicated:]

16.2.11.1.1 Contention-based random access bandwidth request

The ABS may advertise a sequence of minimum access classes in the BR Channel Configuration MIN

Access Class elements within the AAI-SCD for each frame in a superframe. This sequence of minimum

access classes is maintained until another advertisement with the AAI-SCD. Based on the sequence of minimum

access classes, the AMS can select the frame used for the contention-based random access in order to

minimize collision. If no minimum access classes are advertised in the AAI-SCD, then all access classes are

allowed. An access class for Transport FIDs is assigned to a service flow via DSx MAC control messages

during the service flow establishment / modification. An access class 0 shall be used for the connections

which are not established by DSx exchange. When an AMS has information to send and decides to use the

contention-based random access bandwidth request, the AMS shall check if the information the AMS has to

send is for an access class with priority higher than or equal to the minimum access class advertised by BR

channel configuration in the AAI-SCD. If it is not (the minimum access classes are not sufficiently low such

that the AMS access class is allowed), then the AMS shall wait until the BR channel configuration in the

AAI-SCD advertises a sequence of minimum access classes, one of which is less than or equal to the access

class of the data and the AMS. When the AMS access class is allowed, the AMS shall randomly select a

backoff value within the backoff window specified by either the connection priority or S-SFH SP3, if no

connection priority is indicated in the DSx. This random backoff value indicates the number of BR opportunities

that the AMS shall defer before transmitting a bandwidth request. If the ABS has included a Bandwidth Request Probability field in the S-SFH SP3 IE and the AMS is an M2M device, the AMS shall generate a random number uniformly distributed in the interval [0,15], before transmitting any bandwidth request code in the selected BR opportunity. If this number is greater than the number transmitted in the Bandwidth Request Probability field in the S-SFH SP3 IE, the device shall not transmit a bandwidth request and shall restart the bandwidth request procedure.
>>>>>>>>>>>>>>>>>>>> End of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

Change 4: On page 6, after the heading “16.2.15 Network entry and initialization”, insert the following change:

>>>>>>>>>>>>>>>>>>>> Start of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

[Modify section 16.2.15.3 as indicated:]

16.2.15.3 Initial ranging and automatic adjustments

After DL synchronization, the AMS shall attempt to perform initial ranging with the ABS. If the ranging

procedure is successfully completed, the AMS is UL synchronized with the ABS and obtains TSTID from

the ABS. The TSTID is used until the ABS assigns the AMS an STID through registration procedure.

Ranging is the process of acquiring the correct timing offset, frequency offset and power adjustments so that

the AMS's transmissions are aligned with the ABS, and they are received within the appropriate reception

thresholds.

Ranging channel and ranging preamble codes for initial ranging are specified in 16.3.8.2.4. Each ranging

channel indicates a ranging opportunity.

When a regular NS-RCH is allocated in a frame by S-SFH SP1, it shall be mapped into the opportunity

index .‘0b00.’. When an S-RCH is allocated in a frame by S-SFH SP1 (i.e., for the femto ABS or

WirelessMAN-OFDMA with FDM-based UL PUSC Zone) or AAI-SCD message, it shall be mapped into

opportunity index .‘0b11.’. When a dynamic NS-RCH(s) is allocated in a frame by AAI-HO-CMD and/or

Broadcast Assignment A-MAP IE, it shall be mapped into the remaining opportunity indices. The order of

mapping the remaining opportunity indices is the same as the order of the NS-RCH(s) which is allocated by

the A-MAP IE in the time domain.

An AMS that wishes to perform initial ranging shall take the following steps:

· The AMS, after acquiring downlink synchronization and uplink transmission parameters, shall select one ranging channel using random backoff. When random backoff is used, the AMS shall select one ranging channel from all available ranging channels in the corresponding backoff window using a uniform random process. The random backoff shall use a binary truncated exponent algorithm to calculate the backoff window. After selecting the ranging channel, the AMS shall choose a ranging preamble code (from the Initial Ranging domain) using a uniform random process. If the ABS has included a Initial Ranging Probability field in the S-SFH SP3 IE and the AMS is an M2M device, the AMS shall generate a random integer uniformly distributed in the interval [0,15] before transmitting any ranging code in the selected ranging channel. If this number is greater than the number transmitted in the Initial Ranging Probability field in the S-SFH SP3 IE, the device shall not transmit the code and shall restart the initial ranging procedure (i.e., it shall behave in the same manner as when it transmits a code but considers the transmission as failed because it receives no indication from the ABS that the code has been received). Otherwise, Tthe AMS shall send the selected ranging preamble code to the ABS in the selected ranging channel.
· The ABS should respond with an AAI-RNG-ACK message within T31 Timer from the frame where at least one initial ranging preamble code is detected as defined in 16.2.3.3. The AAI-RNG-ACK message provides responses to all the successfully received and detected ranging preamble codes in all the ranging opportunities in a frame indicated by the frame identifier. If all the detected ranging preamble codes prove 'success' status without needing UL transmission parameter adjustments and the ABS provides all UL BW allocations for each detected ranging preamble code before the T31 Timer is expired, the AAIRNG-ACK may be omitted. If the AMS receives neither AAI-RNG-ACK message corresponding to the initial ranging preamble code and channel selected by the AMS nor UL resource allocation (i.e., CDMA Allocation A-MAP IE) until the T31 Timer expires, the AMS considers its initial ranging request is failed and restarts the initial ranging procedure.
>>>>>>>>>>>>>>>>>>>> End of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

Change 4: On page 8, insert the following change:

>>>>>>>>>>>>>>>>>>>> Start of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

16.3.5.5.1.2 S-SFH IE

[Add the following fields to Table 835 (S-SFH SP3 IE format):]

	Syntax
	Size(bits)
	Notes

	Initial Ranging Probability
	4
	The signaled probability is N/16, where N is the value of the four bits. This is the probability that a discrete random variable uniformly distributed over the interval [0, 15] is less than or equal to N.

	Bandwidth Request Probability
	4
	The signaled probability is N/16, where N is the value of the four bits. This is the probability that a discrete random variable uniformly distributed over the interval [0, 15] is less than or equal to N.


>>>>>>>>>>>>>>>>>>>> End of Change <<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<<

  


