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Explanation

Co-located coexistence between 802.16 and WLAN/BT can utilize IEEE 802.16 power save class (PSC) to create non-interfering time periods of service operation opportunities for each radio operating in the same MS. The 802.16 power saving class for co-located coexistence would be configured to be not deactivated during service operation. However, as the specification exists today, it is unknown or unspecified what the BS behavior (i.e. will the BS deactivate a PSC gratuitously?) will be when a power saving class is requested for co-located coexistence purposes by the MS. Furthermore, there are other ameliorating actions the BS could take to enhance the coexistence between WLAN/BT and 802.16 radio co-located in the same MS. Therefore, clarifications and/or additions to IEEE 802.16 enabling explicit MAC support for co-located coexistence with WLAN and Bluetooth is proposed.

For the BS to offer support for coexistence of the co-located WLAN/BT and 802.16 radio of an attached MS, the BS must first know that the MS has this capability. The MS also must know that the BS has the capability to support its coexistence requirements so that it can know what to do when service operation requiring coexistence begins.  This is accomplished by adding a new TLV in REG-REQ/RSP for this purpose.

When the MS needs to operate a service requiring coexistence support from the BS, the MS would setup/redefine a PSC to do so. To request BS co-located coexistence support from co-located coexistence capable BS, a new TLV is introduced in the MOB_SLP-REQ/RSP message for this purpose. Here the SLP-REQ from the MS would request that it’s PSC to not be explicitly deactivated (exception is during HO where it is already defined and implied in the 802.16 specification that PSC is deactivated during a HO) by the BS. The last set of changes is specific behavioral changes required for BS supporting coexistence for 802.16 with WLAN/BT co-located in the MS.

Proposed Rev2D3 Text Changes

[Modify page 184, lines 1-14 in section 6.3.2.3.39 MOB_SLP-REQ (sleep request) message]

The following TLV parameter may be included in MOB_SLP-REQ message transmitted when requesting an activation of power saving class. This TLV indicates the enabled action that MS performs upon reaching trigger condition in sleep mode. 
Enabled-Action-Triggered
       Indicates possible action upon reaching trigger condition.
The following TLV parameter may be included in MOB_SLP-REQ message transmitted when requesting an activation of power saving class. This TLV indicates that the unavailability interval of the activated PSC is to be used for coexistence purposes in the MS and the BS is requested to use coexistence behavior for the PSC.

Co-located-Coexistence-Enabled
       Indicates that the PSC is also to support co-located coexistence.

The MOB_SLP-REQ shall include the following parameters encoded as TLV tuples: 
                              HMAC/CMAC Tuple (see 11.1.2) 

The HMAC/CMAC Tuple shall be the last attribute in the message.
[Modify page 188, lines 35-52 in section 6.3.2.3.40 MOB_SLP-RSP (sleep response) message]

The following TLV parameter may be included in MOB_SLP-RSP message transmitted by the BS.

Enabled-Action-Triggered (11.1.8.1)
         This TLV indicates the enabled action that the MS performs upon reaching trigger condition in sleep mode.
Co-located-Coexistence-Enabled (11.1.8.4)
          This TLV indicates the BS uses co-located coexistence behavior for the PSC.

Next Periodic Ranging (11.1.8.3) 
          This value indicates the offset of frame in which MS shall be ready to perform a periodic ranging with respect to the frame where MOB_SLP-RSP is transmitted.
The MOB_SLP-REQ shall include the following parameters encoded as TLV tuples: 
                              HMAC/CMAC Tuple (see 11.1.2) 

The HMAC/CMAC Tuple shall be the last attribute in the message.

[Modify page 416, lines 35-38, section 6.3.21.1 Introduction]

Sleep mode is a state in which an MS conducts prenegotiated periods of absence from the serving BS air interface. These periods are characterized by the unavailability of the MS, as observed from the serving BS, to DL or UL traffic. Sleep mode is intended to minimize MS power usage and decrease usage of serving BS air interface resources. Sleep mode may also be used to support co-located coexistence. Implementation of sleep mode is optional for the MS and mandatory for the BS.

[On page 424, line 50, add a new section 6.3.21.8 Sleep mode supporting coexistence]

6.3.21.8 Sleep mode supporting co-located coexistence

The MS may include the Co-located-Coexistence-Enabled TLV in the MOB_SLP-REQ to define or define and activate a PSC for co-located coexistence support. The MS may include the Co-located-Coexistence-Enabled TLV in the MOB_SLP-REQ if and only if PSC-based co-located coexistence mode 1 or mode 2 was negotiated during registration (see 11.7.8.10) and shall not include it otherwise.

Only one PSC shall be active at any given time per MS when sleep mode is used to support co-located coexistence. The active PSC supporting co-located coexistence shall be defined with Traffic_triggered_wakening_flag set to 0 and the TRF-IND_Required flag set to 0.

When the PSC supporting co-located coexistence mode 1 or mode 2 has been negotiated (bit #0 or bit #1 of Co-located-Coexistence-Enabled TLV is set to 1), the BS shall not explicitly deactivate the active PSC supporting co-located coexistence. Furthermore, the BS shall honor the configuration for the PSC in the MS SLP-REQ message. The expectation is that the BS does not gratuitously reject or modify the configuration for the PSC in the MS SLP-REQ as multi-radio operation in the MS will suffer due to co-located radio interference.  As is the case for normal PSCs, the BS also shall not provide any MS DL/UL allocation in the sleep window of the PSC supporting co-located coexistence. The MS may deactivate the active PSC supporting co-located coexistence or switch to a PSC without co-located coexistence support required when co-located coexistence support is no longer needed or when the MS performs handover.
In addition, when the PSC supporting co-located coexistence mode 2 has been negotiated (bit #1 of Co-located-Coexistence-Enabled TLV is set to 1), the BS shall not provide any MS UL allocation in the first frame of the PSC listening interval and should provide any DL allocation as much as possible in the first frame of the PSC listening interval. Furthermore, the BS shall, to all extent possible, populate the DL subframe such that DL allocations for all MS with Co-located-Coexistence-Enabled active PSC and with allocations in the current DL subframe, precede in time the allocations for other MS that do not need co-located coexistence support and are allocated in the same DL subframe.

Furthermore, when the MAP relevance bit for co-located coexistence PSC has been negotiated (bit #2 of Co-located-Coexistence-Enabled TLV is set to 1), the BS should schedule the listening and sleep intervals for this MS following the MAP relevance based on MS’s request using MOB_SLP-REQ:

· MAP relevance for co-located coexistence PSC bit = 1 defines that the listening and sleep intervals follow the MAP relevance (e.g. for OFDMA, when the DL-MAP is relevant to the DL subframe of current frame and the UL-MAP is relevant to the UL subframe of the following frame, the first UL subframe of each listening and sleep interval is shifted to the next frame compared to the first DL subframe of that interval);

· MAP relevance for co-located coexistence PSC bit = 0 defines that the listening and sleep intervals are aligned on the same frame number for the UL and the DL sub-frames.
As an example, FigureX illustrates the co-located coexistence PSC for dual frame cycle sleep mode usage (i.e., the listening interval and sleep interval lengths are each 1 frame) starting at frame n+1.
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FigureX Co-located coexistence PSC for dual frame cycle sleep mode usage
[On page 1046, line 6, add a new section 11.1.8.4 Coexistence-Enabled]

11.1.8.4 Co-located-Coexistence-Enabled

MS may include the Co-located-Coexistence-Enabled TLV in the MOB_SLP-REQ to indicate if coexistence behavior of the PSC is requested when the PSC is activated. If the BS supports the Co-located Coexistence Capability, the BS shall include this TLV in the MOB_SLP-RSP message transmitted in response to the MOB_SLP-REQ message containing this TLV.
	Type
	Length
	Value
	Scope

	136
	1
	Bit #0: co-located coexistence mode 1
Bit #1: co-located coexistence mode 2
Bit #2: MAP relevance for co-located coexistence 
Bit #3 – 7: reserved
	SLP-REQ, SLP-RSP


Bit #2 can only be set to  1 if bit #0 is set to  1 and bit #1 is set to 0.

Only one instance of this Co-located-Coexistence-Enabled TLV should be added to the MOB_SLP-REQ and MOB_SLP-RSP messages.

[On page 1090, line 57, add a new section 11.7.8.10 Co-located Coexistence Capability Supported]

11.7.8.10 Co-located Coexistence Capability Supported

The Co-located Coexistence Capability Supported TLV indicates if co-located coexistence is supported. MSs and BSs that support co-located coexistence shall identify themselves by including this TLV.  For each bit, a value of 0 indicates “not supported” while 1 indicates “supported.” 
	Type
	Length
	Value
	Scope

	[TBD]

[instruct the editor to find proper number]
	1
	Bit #0: PSC-based co-located coexistence mode 1

Bit #1: PSC-based co-located coexistence mode 2
Bit #2: MAP relevance supported for PSC-based co-located coexistence

Bit # 3 – 7: reserved
	REG-REQ, REG-RSP


Bit #2 can only be set to 1 if bit #0 is set to 1.
[Modify section Section 10.1 Global Values in Table 524—Parameters and constants
MS Min_Sleep_Interval, Minimum sleeping time allowed to MS. 2 frames 1 frame (Minimum Value)
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