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Flexible feedback for HR-Network multicast 

Eldad Zeira, Anh Tuan Hoang, Haiguang Wang
1 Summary
In previous meetings 802.16n has decided to use code-only feedback for multicast transmission. We have also agreed that:

· Feedback provides the network with an understanding of the success of the multicast transmission. 
· on a statistical or deterministic basis, depending on deployment requirements 

· Feedback may be required for logical ACK or NAK or both

· Feedback may be required in connected as well as idle states

· Feedback may be required for very large number of multicast recipients

In this contribution we propose means by which such channels can be signaled to a large number of devices with minimal overhead.

2 Background & reminder
Feedback channel could be defined as dedicated or common. Both definitions are useful under different set of conditions and both should be supported. Thus,

· Dedicated feedback channels are most suitable with smaller number of devices and where deterministic confirmation of reception is required by the network after a single transmission. Dedicated feedback channels are difficult to implement when the number of devices is very large [1].

· Common feedback channel allow multiple devices to share a single channel and thus reduce the feedback overhead by an order of magnitude. They can provide the network with a statistical measure of multicast success after a single transmission and a deterministic one after multiple transmissions.

In a common feedback channel all multicast recipients are instructed to send a pre-defined signal upon meeting certain conditions that could include errors, signal levels, or just a response to polling (e.g. for counting). All can be further conditioned on the success of an experiment with prescribed probability. In all of these cases it is assumed that the HR-BS isn't required to know the identity or even exact number of HR-MS that has signaled, rather a rough estimate of the number of HR-MS suffices. The common channel is typified as follows:

· The channel carries one bit and its meaning is as has been defined by the HR-BS.

· The channel is constructed such that an event of 2 or more HR-MS signaling the same channel at the same time would likely be interpreted by the HR-BS as “one or more”. 
When using dedicated feedback channels, each HR-MS is assigned its own resources for feedback. While it is possible to reduce HR-MS battery consumption e.g. by only transmitting NAK, the resources cannot be used for other HR-MS. While this method allows the HR-BS to know the exact identity of the HR-MS after a single transmission, providing feedback for a large number of HR-MS requires a prohibitive amount of uplink resources.
Both methods should therefore be allowed. A unified scheme that allows a flexible and efficient method of signaling to HR-MS their feedback method and resources is proposed.

The ranging preamble (as implemented in 802.16.1 as well as 802.16Rev-3) has the following properties:

1) It is tolerant to collisions, in the sense that an event of 2 or more HR-MS signaling the same channel at the same time would likely be interpreted by the HR-BS as “one or more”.
2) It is tolerant to timing / frequency uncertainty and therefore suitable to be used by HR-MS in IDLE state which do not receive regular timing and frequency corrections.

Therefore we propose that the ranging preamble is used as the code-only feedback channel.

3 The physical feedback channel 
3.1 Physical feedback channel for 802.16.1 based systems 

802.16.1 specification provides for synchronized (S-RCH) as well as non-synchronized (NS-RCH) ranging. S-RCH. The former provides more ranging access opportunities and therefore will provide more feedback channels for multicast. However it cannot be used for HR-MS in idle state in large cells, in which case the NS-RCH must be used. Therefore we propose that both can be used for the feedback channel.
Note that for practical implementation reasons, it isn't possible to use all codes at the same time and the channel definition must take that into account.

The following information is required to define the physical feedback channel:
· The starting frame and sub-frame designation of the feedback channel.
· The ranging format (NS format 0, NS format 1 or S-RCH)

· The starting sub-carrier for the sub-band (NS) or 72 sub-carrier set (S)

· The starting code index (or could be defaulted to zero)

· The spacing between successive used codes
· The total number of channels used (note that the number of codes may span multiple subbands and sub-frames) which implicitly defines the number of subbands and sub-frames 
Sub-bands are concatenated in the same sub-frame in order of increasing sub-carrier index. Sub-frames are then concatenated in time order. (Note that in general there’s no reason why all feedback channel resources must be contiguous although that does simplify signaling).

As a result, a single physical feedback channel index uniquely defines the channel code, frequency and time resources. Next we need to discuss the mapping between a device and a physical channel.
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Figure 1: Physical feedback channel examples for 16.1

3.2 Physical feedback channel for 802.16Rev-3 based systems 

FFS
3.3 RNG-ACK
RNG-ACK may be associated with each physical feedback channel as per 802.16.1 or 802.16Rev-3 specifications. 
4 The logical feedback channel 
To define a logical feedback channel we need to define the concept of a feedback group. A feedback group is a group of devices that uses a certain logical feedback channel under a pre-defined set of conditions. Some examples follow from the discussions above:
· In dedicated feedback a device would typically send an ACK upon a successful reception. In this case the number of devices in a group is one.
· In common feedback a device would typically send a NAK if expecting transmission and none received or received unsuccessfully (possibly further dependent on results of coin toss). In this case the number of devices in a group is arbitrary and could be extremely large.

The logical channel allows us to define a flexible mapping between a feedback group and physical feedback channels.

As discussed in the past, the number of devices per a physical feedback channel cannot become too large without causing some detection issues. Therefore it follows that a logical group should be defined such that it may contain one or more (and perhaps many) physical channel. As all the physical channels in a logical channel indicate the same purpose, the device should randomly select one of the physical channels in the logical channel for signaling.

As the number of devices in a feedback group varies, so should also the number of physical feedback channels in a logical feedback channel. Unicast signaling detailed channel assignment to all devices every time there is such a change incurs a very large overhead. A scheme proposed below overcomes this difficulty by using mostly multicast signaling along the following principles:
1) The multicast recipients are partitioned into feedback groups. 

a. The group could be defined for a specific use.

b. The minimum number of HR-MS per group is one

2) The feedback group assignment of an HR-MS is unicast signaled upon establishment of multicast service if feedback is required. 
3)  The trigger definitions to activate a feedback channel can be feedback group specific, and can be pre-defined or signaled by the HR-BS;  

4) HR-MS activates common channel transmission upon fulfillment of trigger conditions.

5) The activated channel is selected randomly from all physical channels assigned to the feedback group.
Next we need to define a mapping between a logical channel and physical channels. A simple low overhead way of defining the mapping is as follows:

A) All physical channels form an ordered set as defined above (e.g. code first or sub-band based, as desired. In this case we chose code first).
B) Each logical channel spans an arbitrary but known number of physical channels. As long as the number of physical channels per logical channel is known, a logical channel index uniquely defines a set of physical channels, as shown in table 1. In the table, N logical channels are defined and indexed as 0 ≤ n ≤ N-1. In each logical channel there are Ln physical channels where Ln ≥ 1.
Table 1: Logical channel definition 
	Logical channel index
	Number of physical channels for the logical channel
	Starting physical channel index
	Ending physical channel index

	0
	L0
	0
	L0 -1

	1
	L1
	L0
	L0 + L1 - 1

	n
	Ln
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An example:
	Logical channel index
	Number of physical channels for the logical channel
	Starting physical channel index
	Ending physical channel index

	0
	1
	0
	0

	1
	8
	1
	8

	2
	2
	9
	10

	3
	16
	11
	26

	4
	4
	27
	30


The table could be condensed for transmission as follows:

· Arrange all logical channels by e.g. increasing number of physical channels 

· Use coarse granularity for the size (e.g. 1, 4, 16, 64, 256). That information need never change and could be standardized if desired, however we chose to signal it.
· Indicate only the number of logical channels for each number of physical channels. 
A MAC message from which table-1 could be reconstructed could look like:
Table 2: Logical channel definition, compressed form

	Field
	Size [bits]
	Value / description

	K, number of distinct logical feedback channel sizes
	3
	

	For( i=0; i<K; i++) {
	
	

	p, Log base 2 of the number of physical channel per logical channel 
	3
	The number is 2p

	Number of logical channels of size 2p
	TBD
	

	}
	
	


Using this definition, it is possible to assign physical channels to groups simply by assigning a group index (in multicast).  To change the number of physical channels associated with any group the HR-BS may do either or both of the following:

1) Broadcast the logical channel assignment of the group as a logical channel index (single number) – that has the effect of replacing the old logical channel with a new one that can have a different number of physical channels.
2) Re-transmit table 2. That can be done in multicast.
5 Procedures

Before the first multicast transmission, the HR-MS is signaled the parameters which define the physical channels (as in 3.1 or 3.2). As these are common to all devices they can be broadcast or multicast. The mapping of logical to physical channels (i.e. table 1 or 2 as defined in 4 above) can also be broadcast or multicast.
Ranging ramp-up behavior is also specified, as does the use of RNG-ACK.

When the HR-MS subscribes to a multicast service the HR-BS signals it the following information:

1) Its feedback group  
2) The index of logical channel or channels assigned to the group
3) The triggers for activation of feedback
If the HR-MS has been instructed to ACK, then upon a successful reception of multicast transmission associated with the feedback channel the HR-MS shall send a ranging preamble on the physical feedback channel mapped to its logical channel.

If the HR-MS has been instructed to NAK, and failed to receive multicast transmission when expecting one, it shall:

· Toss a coin with probability p to determine if further action is needed
· If indicated by the toss, select a physical channel at random out of the physical channels associated with the logical channel it has assigned, AND

· Send a ranging preamble on this channel 

For both cases, the HR-MS shall apply power as per baseline ranging.

If ramping is indicated, the HR-MS shall re-transmit the ranging preamble at a higher power until RNG-ACK is detected or maximum transmissions has been reached. If multiple physical channels are assigned to the logical channel then a new physical channel shall be selected.
6 References

[1] C802.16n-11/0149r1 “Feedback Considerations for HR-MS Networks”, Eldad Zeira, Anh Tuan Hoang and Haiguang Wang
7 Text Proposal

------------------  Modify 6.12.9.2.2 as follows:

To ensure robust multicast and provide the network operator with specific or statistical

information of its reception a feedback operation is defined between an HR-MS that is an

addressee of a multicast transmission and its serving HR-BS or HR-RS.

The conditions for providing feedback are defined by the network per each multicast channel

and include positive feedback only (logical ACK), negative feedback 1 only (logical NAK) or

both (logical ACK/NAK). It is expected that all intended recipients of a multicast channel

obey the same rules but those can be changed by the network. UL resources for the feedback

are also provided by the HR-BS. Feedback parameters may be unicast or multicast.

Feedback operation is supported by multicast addressees in connected as well as in idle

states.

Code-only feedback may be used to provide feedback for multicast. The procedure for

providing the feedback is TBD.

To set up feedback operation, the HR-BS shall include the following parameters in a unicast message when setting up a multicast service or may be sent as part of the multicast service itself. Further work is required to determine what the best way to send this information is.
Table xx1: 
	Field 
	Size (bits) 
	Value/Description 
	Condition 

	Feedback request indicator FRI
	2
	00-no feedback, 01-ACK only, 10-NAK only, 11-reserved
	

	If FRI ≠ 00b {
	
	
	

	Logical channel indicator FBACK_LCI
	TBD
	Indicates the index of the logical channel assigned to this multicast
	

	If FRI = 10b {
	
	
	

	Probability indicator of sending ranging preamble, pi 
	10
	Indicates the probability of sending the NAK if NAK is indicated, probability = 2-pi 
	pi ≥ 0

	                      }
	
	
	

	RNG-ACK_Used
	1
	0b indicates no RNG-ACK is to be expected, 1b it is
	

	If RNG-ACK_Used = 1     {
	
	
	

	N_frame_rampup
	4
	Delay in frames to retransmission, =0 indicates no retransmissions 
	

	Number of retransmissions
	4
	Indicates number of retransmissions if no RNG-ACK
	

	Power step
	4
	Indicates power difference in dB for retransmissions 
	

	                                           }
	
	
	

	                                     } (of FRI ≠ 00b)
	
	
	


The HR-BS should not use ACK-based feedback for HR-MS in idle state that are expected to be mobile.

If the above message is multicast then the HR-BS sends the HR-MS its logical channel assignment in a unicast message when setting up the multicast service. The message is TBD.
The HR-BS may include the following in an appropriate broadcast or multicast message (TBD):

	Field 
	Size (bits) 
	Value/Description 
	Condition 

	N_SIZE_LOG
	TBD
	Indicates the number of distinct sizes of logical channels, measured in terms of number of physical channels associated with them
	

	For( i=0; i< N_SIZE_LOG; i++) {
	
	
	

	p, Log base 2 of the number of physical channel per logical channel 
	3
	The number is 2p
	

	N_of_Size
	TBD
	Indicates number of logical channels that have size 2p
	

	                                                    }
	
	
	

	N_frame
	TBD
	Delay in frames between starting frame for the reception of multicast and the first frame of the feedback channel associated with it
	

	K_subframe
	3
	Subframe indicator
	

	Feedback_ranging_format
	2
	00b: S-RCH, 01b: NS-RCH format 0, 10b: NS-RCH format 1, 11b: reserved
	

	Subcarrier start
	TBD
	The starting sub-carrier for the ranging preamble 
	

	Starting code index
	TBD
	The first code used
	

	Code spacing
	4
	The spacing between codes that are used for feedback 
	

	Total number of codes
	TBD
	The total number of channels used (note that the number of codes may span multiple subbands and sub-frames) which implicitly defines the number of subbands
	


6.12.9.2.2.1 HR-MS and HR-BS behavior
The HR-MS shall:

If the HR-MS has been instructed to ACK (FRI=01b), then upon a successful reception of multicast transmission associated with the feedback channel the HR-MS shall send a ranging preamble as indicated in the setup parameters. If the HR-MS has been instructed to NAK (FRI=10b), and failed to receive multicast transmission when expecting one, it shall toss a coin with probability p to determine if further action is needed.

When transmitting ranging preamble, the HR-MS shall select at random a physical feedback channel out of all physical feedback channels associated with the logical feedback channel assigned to it. (Note that it is possible for a logical feedback channel to include a single physical channel).

Determine an initial transmit power as for 802.16.1 baseline.
Transmit the ranging preamble using transmit power, code and resource block as indicated from the physical channel parameters.

If the RNG-ACK is expected, the HR-MS attempts to detect RNG-ACK as for 802.16.1 baseline.
If RNG-ACK is indicated and not received, the HR-MS shall retransmit at the next opportunity, stepping up its power as indicated. If there is more than a single physical channel associated with the logical channel, then the HR-MS shall randomly select a different physical channel for retransmissions. The HR-MS should repeat the retransmissions until RNG-ACK is received or until maximum reached.
The HR-BS shall:
If the HR-BS has indicated RNG-ACK then the HR-BS shall respond with RNG-ACK.
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