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Problem Statement
In H-FDD Group 1, an uplink MAP in frame n specifies allocations for the uplink subframe in frame n+1.

In H-FDD Group 2, an uplink MAP in frame n specifies allocations for the uplink subframe in frame n+2.

Due to this difference in uplink MAP relevance, there are situations where an MS is able to sustain a certain Power Save Class definition in Group 1, while it can not sustain the same Power Save Class  in Group 2; for example a PSC that defines a listen interval of 2 frames and a sleep interval of 2 frames.  

For example, consider the figure below. It shows a PSC of 2 frames listen interval and 2 frames sleep interval for an H-FDD Group 1 user.
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Figure 1: HFDD Group 1 sleep (2-2)
When the user is switched to group 2, the uplink MAP relevance of n+2 dictates that the MS stay in the listen interval for a minimum of 3 frames, otherwise it is asleep when its uplink subframe starts. See the following figure.
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Figure 2: HFDD Group 2 sleep (2-2)

So the consequence of the current MAP relevance for H-FDD and the current sleep mode definitions is that when a user is switched from Group 1 to Group 2, its PSC can become unsustainable for the MS. 
Solutions can be devised where the BS defines two PSC's, one for each group. When it requests an MS to switch groups, it also activates the PSC belonging to the new group (deactivating the old PSC). However, this causes additional signaling overhead, and is conceptually not a desirable solution.
Another solution would be to allow the MS to modify the PSC sleep- and listen intervals to accomodate the MAP relevance for the appropriate H-FDD group.

However, as the root cause of the problem is difference in MAP relevance between the H-FDD groups, it should be fixed right there, and we should not introduce patches in the wrong places in the standard. The feature interaction between sleep mode and H-FDD is undesired and must be resolved.
Remedy
A remedy exists that avoids additional signaling by the BS: specify that the sleep mode of a user follows the MAP relevance. This concept has been introduced for the purpose of co-existence in IEEE 802.16 Rev2/D3. We suggest to allow this concept to resolve the above identified problem. 
The following figure shows a sleep pattern of 2 frames listen interval and 2 frames sleep interval when applying the "sleep mode follows MAP relevance" principle.


[image: image3.emf]downlink freq

uplink freq

frame k-1frame kframe k+1frame k+2frame k+3frame k+3

2 frames listen interval2 frames sleep interval

2 frames listen interval2 frames sleep interval

downlink sleep

uplink sleep

UL sleep shifted 2 frames


Figure 3: HFDD Group 2 sleep (2-2) where Sleep mode follows MAP relevance

Obviously, this is not an ideal pattern because the MS is now either transmitting or receiving in every frame. But to support voice, a more efficient pattern becomes possible: 1 frame listen interval and 3 frames sleep interval; see the figure below.
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Figure 4: HFDD Group 2 sleep (1-3) where Sleep mode follows MAP relevance

This pattern will also work for an HFDD Group 1 user:
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Figure 5: HFDD Group 1 sleep (1-3) where Sleep mode follows MAP relevance

Note that it is an implementation decision whether or not the MS receives the preamble when the downlink is in a sleep interval but the uplink is not. This is dependent on the MS's synchronization capabilities.

It is envisioned that an MS signals support for "Sleep mode follows MAP relevance" when (1) it wants to use this feature to support co-located coexistence in TDD or H-FDD, or (2) when it expects to operate in H-FDD mode.

Suggested Changes

The changes concern the following:

1. define a new TLV for negotiating H-FDD related capabilities, with a bit to negotiate support for the capability of having sleep mode follow MAP relevance in H-FDD frame configurations
2. add a TLV to MOB_SLP-REQ/RSP to activate this feature for a power save class

3. move text on 'sleep mode follows MAP relevance' to its own section since it is not only related to coexistence but is more generic now

Change 1
Add new section 11.7.8.11 as follows:
11.7.8.11 H-FDD capabilities
	Type
	Length
	Value
	Scope

	25
	1
	Bit #0: support for Sleep mode following MAP relevance for H-FDD
Bits #1 - #7: reserved
	REG-REQ, REG-RSP


Add a paragraph at the end of Section 8.4.4.1.1 on page 695 as follows:
To avoid signaling overhead to re-define the PSC for H-FDD users after every group switch, the use of the "Sleep mode follows MAP relevance" capability (see Section 11.7.14.2) is recommended.
Change 2
Insert a new section 11.16.2 at Page 1266 as follows:
11.16.2 Sleep mode functions enabled in H-FDD
	Type
	Length
	Value
	Scope

	2
	1
	Bit #0: Sleep mode follows MAP relevance enabled
Bit #1 – 7: reserved

	MOB_SLP-REQ,

MOB_SLP-RSP


When bit #1 is set to 1, then the sleep mode follows MAP relevance (see Section 6.3.21.9). This bit is only relevant when MS and BS have succesfully negotiated support for this feature during registration.
Modify Section 6.3.2.3.39 on Page 185 as follows:
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

This TLV indicates the PSC is also to support co-located coexistence.

The following TLV may be included in the MOB_SLP-REQ message:

Sleep mode functions enabled in H-FDD

This TLV indicates features that are to be used to support H-FDD operation.
Modify Section 6.3.2.3.40 on Page 189 as follows:

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.

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.

Sleep mode functions enabled in H-FDD
This TLV indicates features that are to be used to support H-FDD operation. 
Change 3

Modify Section 6.3.21.8 on Page 431 (creating a new section), starting from Line 8 as follows:
6.3.21.9 MAP relevance for Sleep Mode

Furthermore, wWhen the MAP relevance bit for co-located coexistence PSC has been negotiated (MAP relevance bit #2 of Colocated-Coexistence-Enabled TLV is set to 1 and/or bit #0 in the Sleep mode support for H-FDD TLV is set to 1), the BS should schedule the listening and sleep intervals for this MS following the MAP relevance.
· 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 UL subframe of each listening and sleep interval is shifted to thea next frame compared to the 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, Figure 145 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 in a TDD case (MAP relevance bit #2 of Colocated-Coexistence-Enabled TLV is set to 1 and the sleep mode support for H-FDD TLV is absent or bit #0 in this TLV is set to 0).
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