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Error Handling for Synchronous UL HARQ in IEEE 802.16m/D2 (15.3.6.5.2.10)
Ji-Yun Seol
Samsung Electronics

Introduction
In IEEE 802.16m [1], synchronous operation is adopted for UL HARQ. This basically enables retransmission of the UL burst up to the maximum number of UL HARQ retransmission using the previous UL resource already allocated to the AMS based on only the feedback (HF-A-MAP IE) from the ABS but without additional UL A-A-MAP. This can save DL resources used by UL A-A-MAP to allocate UL HARQ burst for retransmission resulting in the overhead reduction. 
However, considering ABS managing multiple AMSs and scheduling multiple bursts allocated to the AMSs, there could be cases the UL resource should be changed adaptively for link adaptation or moved (within the same subframe or to other subframe) due to allocation collision or to balance the load among the subframes. (Note that the current standard allows adaptive UL HARQ retransmission by transmitting UL A-A-MAP at the relevant DL subframe.) The problematic situation of synchronous UL HARQ arises when the UL A-A-MAP transmitted for changing UL resource allocation used for UL HARQ retransmission but the AMS fails to receive/decode the UL A-A-MAP. If the AMS doesn’t have any UL A-A-MAP received, it’ll follow the synchronous HARQ operation and keep transmission UL HARQ retransmission burst using the previously allocated UL resource up to the maximum number of UL HARQ retransmission, which may act as critical interference to other AMSs. (Refer to the examples in Fig.1 below) The fundamental reason causing the problematic situation is that the AMS cannot know if there is a UL A-A-MAP transmitted to change the UL resource used for the UL HARQ retransmission. 
To handle the error situation with respect to the synchronous UL HARQ, this contribution proposes to use quadruple-state HARQ Feedback, which adds two other states on top of basic ACK/NACK. (Refer to the example in Fig.2 below for the example of error handling using the proposed scheme.) Moreover, it is suggested to clarify the expected behaviors of ABS/AMS regarding synchronous UL HARQ operation and HARQ feedback. 
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Fig.1 Error situation due to UL A-MAP loss
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Fig.2 Proposed error handling scheme

Proposed text with markups
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[Change1: Modify the text in section 15.2.7.3, page 144 as follows]
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.2.7.3 HARQ Retransmissions
Asynchronous HARQ retransmission is used for downlink individual and composite persistent allocations. TheA DL Basic Assignment A-MAP IE shall be transmitted to signal control information for HARQ retrans​mission. Synchronous HARQ retransmission is used for uplink individual and composite persistent alloca​tions. TheA UL Basic Assignment A-MAP IE may be transmitted to signal control information for HARQ retransmission.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change2: Modify the text in section 15.2.7.4 (subsections 15.2.7.4.1 and 15.2.7.4.2), page 144~145 as follows]
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.2.7.4 Error Handling Procedure

15.2.7.4.1 Error Handling Procedure for an Individual Connection

For transmissions with HARQ enabled, an ACK is transmitted to acknowledge the successful decoding of a data burst, or a NACK is transmitted to notify failure in decoding a burst transmitted on the DL/UL. If an ACK or a NACK for the data burst identified by the DL Individual Persistent A-MAP IE is detected in the assigned HARQ Feedback channel, the ABS shall assume that the DL Individual Persistent A-MAP IE is correctly received by AMS. If the initial data burst identified by the UL Individual Persistent A-MAP IE is successfully decoded in HARQ period, the ABS shall assume that the UL Individual Persistent A-MAP IE is correctly received.

When NULL detection is used, in the absence of an ACK or a NACK in the HARQ feedback channel assigned in the DL Individual Persistent A-MAP IE for the data burst, the ABS shall assume that the AMS has not received the DL Individual Persistent A-MAP IE and the same DL Persistent A-MAP IE can be transmitted again.

In the case of deallocation of individual persistent allocations in the DL/UL, the ABS shall transmit a HARQ Feedback Allocation in the DL/UL Individual Persistent A-MAP IE. This allocation is used to identify the HARQ channel in which the ACK for the DL/UL Individual Persistent A-MAP IE signaling the deallocation is transmitted. In the absence (NULL detection) of an ACK, the ABS shall assume that the AMS has not received the DL/UL Individual Persistent A-MAP IE, and the same DL/UL Persistent A-MAP IE that sig​naled the deallocation canmay be transmitted again.

When NULL detection is used, in the absence (NULL detection) of the UL data busrt assigned in the UL Individual Persistent A-MAP IE, the ABS shall assume that the AMS has not received the UL Individual Persistent A-MAP IE and the ABS may transmit the same UL Persistent A-MAP IE again.

15.2.7.4.2 Error Handling Procedure for Multiple Connections

For transmissions with HARQ enabled, an ACK is transmitted to acknowledge the successful decoding of a data burst, or a NACK is transmitted to notify failure in decoding a burst transmitted on the DL/UL. If an ACK or a NACK for the data burst identified by the DL Composite Persistent A-MAP IE is detected in the assigned HARQ Feedback channel, the ABS shall assume that the DL Composite Persistent A-MAP IE is correctly received by AMS. If one of the initial data burst identified by the UL Composite Persistent A-MAP IE is successfully decoded in HARQ period, the ABS shall assume that the UL Composite Persistent A-MAP IE is correctly received by that connections.

When NULL detection is used, in the absence of an ACK or a NACK in the HARQ feedback channel assigned to one or more connections in the DL Composite Persistent A-MAP IE for data burst, the ABS shall assume that the corresponding AMSs have not received the DL Composite Persistent A-MAP IE and the DL Composite A-MAP IE can be transmitted again for these connections. If the persistent allocation needs to be transmitted to only one connection the DL Individual A-MAP IE can be transmitted again for this connection.

When NULL detection is used, in the absence of the UL data burst assigned in the UL Composite Persistent A-MAP IE, the ABS shall assume that the AMS has not received the UL Composite Persistent A-MAP IE and the ABS may transmit the same UL Persistent A-MAP IE again.

In the case of deallocation of multiple persistent allocations in the DL/UL, the ABS shall transmit HARQ Feedback Allocations in the DL/UL Composite Persistent A-MAP IE. These allocations are used to identify the HARQ channels in which the ACK for the DL/UL Composite Persistent A-MAP IE signaling the deallo​cations are transmitted. In the absence (NULL detection) of an ACK from one or more connections, the ABS shall assume that the corresponding AMSs have not received the DL/UL Composite Persistent A-MAP IE, and the same DL/UL Composite A-MAP IE that signaled the deallocation may be transmitted again. If the deallocation needs to be transmitted to only one connection the DL/UL Individual A-MAP IE canmay be trans​mitted again for this connection.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change3: Modify the text in section 15.2.14.2.1.2, page 198~199 as follows]
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.2.14.2.1.2 Uplink 

Upon receiving a UL Basic Assignment A-MAP IE, AMS shall transmit the subpacket of HARQ data burst through the resource assigned by the UL Basic Assignment A-MAP IE. 

ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive acknowledgement (or, ACK) through HF-A-MAP IE to AMS; otherwise, ABS shall send a negative acknowledgement (or, NACK) using HF-A-MAP IE to AMS. Upon determining NACK for the transmitted UL HARQ burst, the ABS may decide to change or skip the allocation made to the AMS for the next HARQ retransmission following the UL HARQ burst failed to be received at the ABS. When the ABS changes the allocation for the UL HARQ retransmission, the ABS shall transmit NACK with associated UL-MAP existence indication through HF-A-MAP IE to the AMS as well as the UL Basic Assignment A-MAP IE that is transmitted in the same UL subframe to change the resource allocation for the retransmission. If the ABS intends to instruct the AMS to skip the next UL HARQ retransmission, the ABS shall transmit NACK with retransmission skip indication to the AMS.
When AMS receives the positive acknowledgement (or, ACK) as a feedback to the transmitted UL HARQ burst, the AMS shall finish the synchronous UL HARQ retransmission for the UL HARQ burst. Upon receiving the negative acknowledgement, AMS shall trigger retransmission procedure. If the AMS receives NACK in the HF-A-MAP IE, the AMS shall perform UL HARQ retransmission using the previously assigned UL resource. If the AMS receives NACK with associated UL-MAP existence indication in the HF-A-MAP IE, the AMS shall follow the instruction in the associated UL Basic Assignment A-MAP IE for the following UL HARQ retransmission(s). If the AMS receives NACK with retransmission skip indication in the HF-A-MAP IE, the AMS shall skip the next UL HARQ retransmission and resume the UL HARQ retransmission at the relevant UL HARQ retransmission timing next to the skipped UL HARQ retransmission.
In the retransmission procedure, if AMS does not receive a UL Basic Assignment A-MAP IE for the HARQ data burst in failure, AMS shall transmits the next subpacket of the HARQ burst through the resources in the next frame at the same subframe resource location assigned to the previous subpacket transmission with the same ACID. A UL Basic Assignment A-MAP IE may be sent to signal control information for retransmission with the corresponding ACID and AI_SN being not toggled. Upon receiving the UL Basic Assignment A-MAP IE, AMS shall perform the following HARQ retransmission(s) as instructed in this UL Basic Assignment A-MAP IE. If the AMS fails to receive/decode the UL Basic Assignment A-MAP IE related to the retransmission of the failed UL HARQ burst but received NACK with associated UL-MAP indication in the HF-A-MAP IE, the AMS shall stop the UL HARQ retransmission procedure for the corresponding HARQ channel. If the AMS fails to detect the HF-A-MAP IE (e.g., NULL detection) and doesn’t have a received UL Basic Assignment A-MAP IE associated with the HARQ channel as the HARQ feedback in the same UL subframe, the AMS shall stop the UL HARQ retransmission procedure for the corresponding HARQ channel.
In UL, the maximum number of total HARQ channels per AMS is 16. The number of retransmissions of the same data burst shall not exceed the maximum [N_MAX_ReTx].

The timing for transmitting UL Basic Assignment A-MAP IE, UL HARQ subpacket, and HARQ feedback in DL are described in 15.2.14.2.2.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 4: Modify the text in section 15.2.14.6.2, page 216 as follows]
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.2.14.6.2 Uplink

Upon receiving a UL persistent A-MAP IE, AMS shall transmit the subpacket of HARQ data burst through the assigned resource at every periodic AAI subframe specified in the UL persistent A-MAP IE.

ABS shall attempt to decode the data burst. If the decoding is successful, ABS shall send a positive acknowledgement (or, ACK) through HF-A-MAP IE to AMS; otherwise, ABS shall send a negative acknowledgement (or, NACK) using HF-A-MAP IE to AMS. Upon determining NACK for the transmitted UL HARQ burst, the ABS may decide to change or skip the allocation made to the AMS for the next HARQ retransmission following the UL HARQ burst failed to be received at the ABS. When the ABS changes the allocation for the UL HARQ retransmission, the ABS shall transmit NACK with associated UL-MAP existence indication through HF-A-MAP IE to the AMS as well as the UL Basic Assignment A-MAP IE that is transmitted in the same UL subframe to change the resource allocation for the retransmission. If the ABS intends to instruct the AMS to skip the next UL HARQ retransmission, the ABS shall transmit NACK with retransmission skip indication to the AMS.
With UL persistent allocation, HARQ retransmissions shall be done as described in 15.2.14.2.1.2.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 5: Modify the text and Table 817 in section 15.3.6.5.2.10, page 391 as follows]
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.3.6.5.2.10 HARQ Feedback A-MAP IE
HARQ Feedback A-MAP IE includes onetwo bits and corresponding values for HARQ ACK/NACK information isare shown in Table 681. If HF-A-MAP IE has the 0b0 or 0b1, it shall be interpreted as ACK information or NACK information, respectively. 
Table 817—HF-A-MAP-IE
	Syntax
	Size (bit)
	Notes

	HF-A-MAP IE format {
	 
	 

	HF-A-MAP IE value
	12
	0b0: ACK feedback info.
0b1: NACK feedback info.
0b00: ACK feedback info.
0b01: NACK feedback info.
0b10: NACK with retransmission skip indication
0b11: NACK with associated UL A-MAP existence indication
 

	}
	 
	 


- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -
[Change 6: Modify the text and Figure 514 in section 15.3.6.3.2.3, page 338 as follows]
- - - - - - - - - - - - - - - - - - - - - - - - - - - Begin Proposed Text  - - - - - - - - - - - - - - - - - - - - - - - -
15.3.6.3.2.3 HARQ Feedback A-MAP
HARQ feedback A-MAP (HF-A-MAP) contains HARQ-feedback-IEs for ACK/NACK feedback informa​tion to uplink data transmission.
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Figure 514—Chain of HF-A-MAP IE to HF-A-MAP symbols

Figure 514 shows the construction procedure of HF-A-MAP symbols from HF-A-MAP-IE.

Each HF-A-MAP IE carries 12 bit information. Depending on the channel conditions, the modulation can be QPSK or BPSK. If QPSK is used, 2 HF-A-MAP IEs are mapped to a point in the signal constellation. If BPSK is used, each HF-A-MAP IE is mapped to a point in the signal constellation. The QPSK modulation is used with each HF-A-MAP IE mapped to a signal constellation point. The repetition number, NRep,HF-A-MAP, is 8. Repeated HF-A-MAP IE bits are scrambled by the NRep,HF-A-MAP LSBs of the STID of the associated AMS.

Figure 434 shows a cluster of HF-A-MAP channels, which consists of 4 HF-A-MAP channels numbered as 4c, 4c+1, 4c+2, 4c+3 where c is the HF-A-MAP cluster index in a HF-A-MAP region. Channel 4c in the cluster occupies the real part of the first symbol in each tone pair before the SFBC encoder. Channel 4c+1 in the cluster occupies the imaginary part of the first symbol in each tone pair before the SFBC encoder. Chan​nel 4c+2 in the cluster occupies the real part of the second symbol in each tone pair before the SFBC encoder. Channel 4c+3 in the cluster occupies the imaginary part of the second symbol in each tone pair before the SFBC encoder.

For each Tx antenna, symbols at the output of MIMO encoder, denoted by SHF[0] to SHF[LHF-1], are mapped to tone-pairs from RMP[LNUS/2] to RMP[(LNUS+LHF)/2-1], where RMP is the renumbered A-MAP tone-pairs described in 15.3.5.3.4 and LHF is the number of tones required to support all HF-A-MAP channels in an A-MAP region. Clusters of HF-A-MAP are indexed sequentially from index 0 within a HF-A-MAP region in the mapping process.

There is one HF-A-MAP region in each DL AAI subframe. Within each HF-A-MAP region, the index for HF-A-MAP channel is calculated as follows.

For persistent allocation, HF-A-MAP resource index is specified in HFA of UL Individual Persistent A-MAP IE or UL Composite Persistent A-MAP IE. 

For group resource allocation, HF-A-MAP resource index for the l-th AMS in GRA allocation is [image: image7.emf], where istart is the ACK Channel Offset in UL group resource allocation A-MAP IE, NHF-A-MAP is the total number of HF-A-MAP configured per HF-A-MAP region, and NGRA is the Use Bit Map Size in UL group resource allocation A-MAP IE. 

For resource allocation using UL basic assignment A-MAP, HF-A-MAP resource index is [image: image8.emf], where j is HF-A-MAP Index Parameter in Non-user specific A-MAP IE, n is HFA in UL basic assignment A-MAP IE, NHF-A-MAP is the total number of HF-A-MAP configured per HF-A-MAP region. M(j) is STID when j=0 and M(j) is lowest LRU index of corresponding UL transmission when j=1.

- - - - - - - - - - - - - - - - - - - - - - - - - - - End Proposed Text - - - - - - - - - - - - - - - - - - - - - - - - -

References
[1] P802.16m DRAFT Amendment to IEEE Standard for Local and metropolitan area networks, P80216m/D2, October 2009.[image: image9.emf]  CQI  























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































169

_1318864981.vsd
�

Repetition


STID
Scramble


QPSK


Repetition


STID
Scramble


QPSK


SFBC


HF-A-MAP-IE


HF-A-MAP-IE


HF-A-MAP
symbols



