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HFDD Group 2 and Power Save Classes 

Gerrit Hiddink, Henri Moelard,Pallav Sudarshan,Jeff Zhuang
Motorola
Jin Lei, Sean McBeath, Wu Xuyong
Huawei Technologies
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.
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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

In order to avoid incompatibilities with legacy MS that do not support this, we propose to broaden the scope of the bit that is currently defined to negotiate support for "Sleep mode follows MAP relevance" in the "Co-located Coexistence Enabled" TLV in Section 11.7.8.10 and 11.16.1.
.

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

note to editor: please select "show final" in Word to show the final version without change markup.

Modify the table in Section 6.3.2.3.39 as follows:

……
	Syntax
	Size (bit)
	Notes

	……
	……
	……

	Traffic_triggered_wakening_flag
	1
	—

	MAP relevance
	1
	—

	Reserved
	21
	—

	initial-sleep window
	
	—

	……
	……
	……


Modify Section 6.3.2.3.39 on page 184, at line 21 as shown below:
Traffic_triggered_wakening_flag (for Type I only)

0 = Power saving class shall not be deactivated if traffic appears at the connection as

described in 6.3.21.2.

1 = Power saving class shall be deactivated if traffic appears at the connection as

described in 6.3.21.2.
MAP relevance

This bit is only defined if both MS and BS have advertised support for the "Sleep mode follows MAP relevance" capability during registration (See Section 11.7.14.2)
0 = sleep mode does not follow MAP relevance

1 = sleep mode follows MAP relevance
Modify the table in Section 6.3.2.3.40 as follows:

……
	Syntax
	Size(bit)
	Notes

	……
	……
	……

	TRF-IND required
	1
	—

	MAP relevance
	1
	—

	Reserved
	1
	—

	Number_of_CIDs 
	4
	—

	……
	……
	……


Modify Section 6.3.2.3.40 at page 188, line 62 as shown below:
TRF-IND_Required

For power saving class type I only.

1 = The BS shall transmit at least one MOB_TRF-IND message in each availability inter-

val which contains at least one listening window of Power Saving Class of type 1.

This bit shall be set to 0 for another types.
MAP relevance

This bit is only defined if both MS and BS have advertised support for the "Sleep mode follows MAP relevance" capability during registration (See Section 11.7.14.2)

0 = sleep mode does not follow MAP relevance

1 = sleep mode follows MAP relevance

Modify the table in Section 11.7.8.10 as follows:
	Type
	Length
	Value
	Scope

	24
	1
	Bit #0: PSC-based co-located coexistence mode 1

Bit #1: PSC-based co-located coexistence mode 2

Bit #2: Sleep mode follows the MAP relevance for PSCbased

co-located coexistence Reserved
Bit #3: Uplink band AMC for PSC-based co-located

coexistence

Bit # 4 – 7: reserved
	REG-REQ, REG-RSP


Modify the table in Section 11.16.1 as follows:
	Type
	Length
	Value
	Scope

	24
	1
	Bit #0: co-located coexistence mode 1

Bit #1: co-located coexistence mode 2

Bit #2: Sleep mode follows the MAP relevance for co-located coexistence Reserved
Bit #3: Uplink band AMC for PSC-based co-located

coexistence


Bit #4: Indication for band AMC subchannel allocations

0b0: Subchannel allocation shall be to the lowermost frequencies.

0b1: Subchannel allocation shall be to the uppermost frequencies.

Bit # 5 – 7: reserved
	MOB_SLP-REQ,

MOB_SLP-RSP


Modify 11.7.14.2 as follows. 
	Type
	Length
	Value
	Scope

	48
	2
	Bit #0: Power saving class type I supported

Bit #1: Power saving class type II supported.

Bit #2: Power saving class type III supported

Bit #3: Multiple active power saving

classes supported.

Bits #4-#9: Total number of power

saving class instances of all

types supported by the MS.

Bit #10: support for Sleep mode follows MAP relevance 
Bits #101-#15: 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.
Modify Section 6.3.21.8 on Page 431, 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 in the MOB_SLP-REQ/RSP has been negotiated (MAP relevance bit #2 of Colocated-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 UL subframe of each listening and sleep interval is shifted to the 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.
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