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Co-located coexistence in IEEE 802.16m system 

Lei Jin, Libra Xiao, Xuehuan Wang, Juejun Liu, Sean McBeath
Huawei Technologies
Introduction
This contribution proposes the co-located coexistence (CLC) topic between 802.16 and WLAN/BT in a Multi-Radio device. IEEE 802.16 and WLAN/BT, co-located in a Multi-Radio device, interfere with each other, that is co-located Tx of one technology prevents Rx/Tx of other technologies. CLC should avoid the interference between Multi-Radios, and at the same time ensure QoS for 802.16m. In 802.16 Rev2_D6[1], sleep mode is used to support co-located coexistence. In this contribution we propose a kind of sleep mode to support co-located coexistence.
Sleep mode supporting co-located coexistence
The configuration of normal sleep mode is decided by 802.16m traffic pattern. In order to assure the 802.16m/non 802.16m transceiving, the sleep mode supporting CLC should consider both 802.16m and non-802.16m traffic pattern. This section proposes several recommendations for sleep mode supporting co-located coexistence.
802.16 Traffic Pattern:
a) For BE and NRT-VR service, the sleep/listening window can be configured based on frame/superframe, while the parameters in the unit of superframe can be easily and flexibly replaced by frame based configuration. Therefore, we suggest to set sleep/listening window in the unit of frame for the bursty and non-real-time service.
b) For UGS and RT-VR service, the sleep/listening window can be configured based on frame/subframe. For example, VoIP packets are small and transmitted frequently, where the typical time between successive VoIP packets is 20 msec. MS and BS could negotiate a set of subframes for periodic and small VoIP packets, in which MS monitors the control channel and knows which UL subframe to transmit based on the control relevance. In the remaining subframes, the MS does not monitor the control channel. 
c) For multicast data and management operations, in 802.16 Rev2_D6[1] PSC type III defines a one time sleep window. After the sleep window expires, the MS can receive multicast data, perform periodic ranging, and other operations. Many other methods can be used to replace PSC type III. For multicast data and management operations, a new message can be defined or the wake-up time can be piggybacked in MOB-SLP-RSP. 
Moreover, in order to assure the reception of essential system information for normal communication, MS could always monitors the first subframe carrying the BCH in a superframe, which means, the first subframe is always set to be a “listening window” regardless of other parameters set according to the service. Otherwise, MS could choose to shut down this “listening window” if MS doesn’t transceive in this superframe which is definitely informed by explicit signaling. 
Non-802.16 Traffic Pattern:
a) WiFi can support both data and voice communications with a total bandwidth of 1-54Mb/sec. For a WiFi STA to transmit, it shall sense the medium to determine if another STA is transmitting. If the medium is not determined to be busy, the transmission may proceed. 
b) Bluetooth is time-slot based system. The communication channel can support both data and voice communications with a total bandwidth of 1 Mb/sec. A synchronous link is referred to as an SCO link. The asynchronous data channels are provided using packet switching utilizing a polling access scheme. An asynchronous link is referred to as an ACL link. 
According to the 802.16 and non-802.16 traffic pattern, we propose the subframe & frame based sleep mode supporting co-located coexistence. Here are some considerations:
The MS can also obtain a set of UL subframes based on control relevance and HARQ timing (if different). 
If an MS in sleep mode transmits/receives traffic in a superframe, this MS shall decode the BCH for system configuration. 
If the scheduling information for a new traffic pattern is transmitted to the MS, then the configuration should be changed at the same time guaranteeing the CLC activity. However, in order to avoid the interference, the scheduling information doesn’t trigger the MS to wake up, which means the MS can transmit and receive transport data and MAC management messages without deactivating the sleep mode. 

Activation/deactivation of the sleep mode supporting co-located coexistence is triggered by the MS depending on interference from other RAT. 
Subframe & Frame combined sleep solution
In C802.16m-08_688r1[2], subframed based sleep mode was proposed, which is also usable for co-located coexistence. In IEEE 802.16m, the minimum scheduling granularity is a subframe. Depending on the amount of traffic for an MS, QoS requirements, and scheduling algorithms, there may be an opportunity for subframe level power savings.  To enable this type of sleep mode, BS and MS negotiate a set of subframes in which the MS monitors the control channel.  In the remaining subframes, the MS does not monitor the control channel.  This negotiation can be handled in many ways using MAC signaling. The MS can also obtain a set of UL subframes based on MAP relevance and HARQ timing (if different).
Also, subframe based sleep mode and frame based sleep mode can be combined to form a two level sleep solution. MS first negotiates with BS according to frame based sleep mode to get its available and unavailable interval. In this two level sleep solution, MS can shut down some components, do neighbor scanning, support co-located coexistence etc. during its unavailable interval. In MS available interval, data transmission and reception are arranged according to subframe sleep pattern. Figure 1 is an example of the combined sleep solution. 2 frame length available interval and 2 frame length unavailable interval are interlaced. Subframe sleep pattern is as in Figure 1. In this scheme, the unavailable interval can be utilized for WiFi/BT transceiving.  
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Figure 1. Example of two level sleep solution
Here is an example for such a scheme, using subframe and frame based sleep mode supporting CLC
Example 1:
WiMAX/WiFi coex

start frame number=001

DL/UL ratio=5:3

16e DL: 16m DL=2:3

16e UL: 16m UL=1:2

MAP relevance=4

Subframe bitmap=110
Further, consider that the BS and MS negotiate that the MS only monitors the control channel in the first and second subframe by setting the sleep mode bitmap to ‘110’. Based on this negotiation, the MS knows to only monitor the control channel in the first and second 16m DL subframe and, based on MAP relevance, knows that it will only be required to transmit on the UL in the second 16mUL subframe. 

[image: image2.emf]MSMSMSMSMSMSM

802.16e frame802.16e frame

802.16e DL subframe

802.16m DL subframe

802.16e UL subframe

802.16m UL subframe

802.16m frame

TTGRTG

BT transceiving

BT retransceiving

SMS

eSCO Instant

WiFi transceiving as STA 

using PS polling

WiFi transceiving as AP or STA

WiMAX

Bluetooth

WiFi

BT idle slot

M

eSCO Instant


Proposal
[Add the text into section 17 Solutions for Co-deployment and Co-existence:]

------------------------------------------- Start of Proposed SDD Text ------------------------------------------------------
17 Solutions for Co-deployment and Co-existence
17.x Co-located Coexistence Support
IEEE 802.16 and WLAN/BT co-located in a Multi-Radio device interferes with each other, that is co-located Tx of one technology prevents Rx/Tx of other technologies. The co-located coexistence scheme should avoid  interference between Multi-Radios, while ensuring the 802.16m QoS requirement.
17.x.1 Sleep Mode Supporting Co-located Coexistence

Sleep mode should capable of supporting co-located coexistence. The length of the sleep window is computed in units of frames or subframes based on the traffic patterns as well as coexistence with other RAT.

------------------------------------------- End of Proposed SDD Text -------------------------------------------------------
Reference:
[1]IEEE P80216Rev2/D6: Revision of IEEE Std 802.16-2004 and consolidates material from IEEE Std 802.16e-2005, IEEE Std 802.16-2004/Cor1-2005, IEEE Std 802.16f-2005 and IEEE Std802.16g-2007, July 2008
[2] C802.16m-08_688r1: Sleep mode for IEEE 802.16m system, July 2008
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