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Proposed Clarification for 802.16m Periodic Ranging Procedure (a new subsection in 16.2.x)
Lei Wang
InterDigital Communications, LLC
1 Introduction
Based on the 802.16m draft standard [2], the AAI_RNG-ACK message can be used in the 16m periodic ranging to reduce the overhead of the ranging response and also reduce the latency of the failure detection of the random access based periodic ranging. However, the description about the 802.16m periodic ranging changes due to the introduction of the AAI_RNG-ACK message in the current 802.16m draft standard [2] is incomplete.
This contribution proposes clarification for the 802.16m periodic ranging procedure.
2 Discussion

In the 802.16 standard 802.16-2009 [1], the OFDMA-based periodic ranging procedure is specified in Subsection 6.3.10.3.2 on page 360. Due to the introduction of the AAI_RNG-ACK message, the 802.16m periodic ranging procedure can be improved by the following changes:
a) After random access based periodic ranging access, instead of using multiple RNG-RSP messages with ranging code attributes (e.g., ranging code, ranging slot symbol number and subchannel index, etc.) to provide the ranging responses, a broadcast AAI_RNG-ACK message is used to provide the responses to all correctly received and decoded periodic ranging requests. In this way, the overhead of providing periodic ranging responses is significantly reduced;
b) After random access based periodic ranging access, an AMS that sent a random access periodic ranging request can detect its random access status in the next DL frame because of the use of the AAI_RNG-ACK message. In case of a failure of the random access periodic ranging request, the AMS can detect it in the next DL frame without needing another timer and also the AMS can start a retry process right way. In this way, the latency and the overhead of random access failure detection is significantly reduced; and
c) For the unsolicited ranging response, instead of sending RNG-RSP message, the ABS sends an unicast AAI_RNG-ACK message to the AMS for its UL transmission parameter adjustment. Note that the unicast AAI_RNG-ACK is much simpler and smaller than an RNG-RSP message, thus resulting in another overhead reduction.
3 Suggested changes in the 802.16m/D4
Based on the above discussion, we propose the following changes in the 802.16m/D4 to clearly describe the 802.16m periodic ranging procedure based on the introduction of the AAI_RNG-ACK message. Note that the new text is marked with blue and underline; the deleted text are marked with red and strikethrough. 
Suggested change #1: on page 298, line 9
Insert a new subsection as follows:

16.2.x  Periodic Ranging
Periodic Ranging is the process of maintaining the correct AMS’s UL transmission parameters, including 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.
An AMS that wishes to perform periodic ranging shall follow the following procedure:

a) The AMS maintains and controls a Periodic Ranging timer.

b) Upon timeout of the Periodic Ranging timer, the AMS shall randomly choose a periodic ranging opportunity and a periodic ranging preamble code. The AMS shall send to selected ranging preamble code to the ABS in the selected ranging opportunity;
c) The ABS shall respond with an broadcast AAI_RNG-ACK message (i.e., transmitted in a broadcast DL allocation) in a DL frame that is in a predefine period, if the ABS detects at least one periodic preamble code in the previous periodic ranging region. The predefined period for the AAI_RNG-ACK transmission is after the UL frame containing previous periodic ranging region and is before the UL frame containing next periodic ranging region. The AAI_RNG-ACK message provides responses to all the successfully received and decoded periodic ranging preamble codes in all the ranging opportunities in the previous periodic ranging region. There are following four different cases at the AMS that sent a random access based periodic ranging request:

i. If the AMS does not receive an AAI_RNG-ACK message in the predefine period after it sent its periodic ranging request or the AMS receives the AAI_RNG-ACK message and does not find any response to its periodic ranging request identified by the periodic ranging opportunity and the periodic ranging preamble, the AMS considers that its periodic ranging request was failed, and it may send another randomly selected periodic ranging preamble code at the next appropriate periodic ranging transmission opportunity and adjust its transmission power level up to PTX_IR_MAX (6.3.9.5.1). 
ii. If the AMS receives a periodic ranging response in the AAI_RNG-ACK message and the ranging status is “success”, the AMS shall adjust its UL transmission parameters as notified in the received periodic ranging response if any; and then the AMS shall restart the periodic ranging timer.
iii. If the AMS receives a periodic ranging response in the AAI_RNG-ACK message and the ranging status is “continue”, the AMS shall adjust its UL transmission parameters as notified in the received periodic ranging response; and then the AMS shall continue the periodic ranging process with further randomly chosen periodic ranging opportunity and periodic ranging preamble code.

iv. If the AMS receives a periodic ranging response in the AAI_RNG-ACK message and the ranging status is “abort”, the AMS shall abort the periodic ranging process.
d) The ABS may send a unicast unsolicited AAI_RNG-ACK (i.e., transmitted in the DL allocation for a specific AMS) to adjust the UL transmission parameters of a specific AMS, based on the measurement made on other received data from the AMS. When an AMS receives an unsolicited AAI_RNG-ACK message, it shall reset the periodic ranging timer and adjust its PHY parameters as notified in the AAI_RNG-ACK message.
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