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Multi User MIMO HARQ in IEEE 802.16m 

Bozo Cesar, Joerg Schaepperle, Andreas Rueegg, Juergen Otterbach

Alcatel-Lucent

Introduction

As MIMO HARQ is in discussion in the PHY HARQ Rapporteur Group, also a MIMO HARQ chapter is required in the MAC HARQ part of the SDD.

In case of MU MIMO in the present SDD up to four data streams can be transmitted in the same resource units (RU). 

With conventional SDMA techniques the bursts usually are at least approximately spatially orthogonal.

For Multi User MIMO special HARQ mechanism will be supported if required.

In case of MU MIMO using non-orthogonal superposition technique, two non orthogonal data streams, in the following called burst_1 and burst_2, are combined to a superposition burst. With this technique up to 8 data streams can be supported. In figure 1 only one superposition burst, containing burst_1 and burst_2, is transmitted – only the pair is relevant for the description of the proposed HARQ mechanism. Up to four superposition bursts can be present in the same resource unit.

For Multi User MIMO using non-orthogonal superposition technique HARQ mechanism may be supported to handle the interaction of the decoding processes of the burst pairs.
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Figure 1: Example DL transmission 
DL HARQ transmission

Initial transmission of the DL HARQ bursts

Two DL HARQ bursts, burst_1 and burst_2 occupying the same radio resource in the DL frame arrive at the MS in case of MU MIMO using non-orthogonal superposition technique. See figure 1 for example.

Each burst is characterized by a burst profile. The burst profile modulation, coding and transmission power.
One of the burst may be transmitted with higher mean power (e.g. burst_2), the other with lower mean power (e.g. burst_1). 

MS2, which is located far away from the BS, will be able to decode burst_2 only. MS2 must generate the HARQ ACK/NACK for burst_2.

Even if the MS2 knows that there are two bursts located at the same resource, it shall not try to decode burst_1, and shall not transmit ACK/NACK for burst_1.

MS1, which is located close to the BS, must decode burst_2 to be able to decode burst_1. 

For example a two step operation can be performed:

Step 1) MS1 has to decode burst_2 first, because it needs the results for step 2, 

Step 2) MS1 has then to decode burst_1 and shall transmit ACK/NACK for burst_1. MS1 must transmit ACK/NACK for burst_1 even if it can not decode any of the bursts.

If MS1 shall also transmit ACK/NACK for burst_2 is FFS.

Summary:

The MS must be informed by signaling (DL control) which of the two bursts (burst_2 or burst_1) is addressed to it.

In addition it has to be clarified which of the two bursts it has to transmit ACK/NACK – because the MS must transmit ACK/NACK for the desired burst even if it can not decode any of them.

	Options: MSx generates ACK/NACK 
	MS1
	MS2

	for Burst_2
	FFS
	yes

	for Burst_1
	yes
	no


Retransmission of the DL HARQ bursts

Retransmission in case of synchronous HARQ scheme or in case of asynchronous HARQ scheme can be performed differently.

Retransmission in case of synchronous non adaptive HARQ scheme
In case of synchronous HARQ scheme no signaling is assumed for the retransmission, i.e. no new information (new CID, new MCS, …) is available for the retransmission.

	
	MSx ACK/NACK response to initial transmission
	retransmission

	Burst_2
Burst_1
	MS2 NACK 
MS1 NACK 
	Retransmit same combination of burst_1 and burst_2

	Burst_2
Burst_1
	MS2 NACK 
MS1 ACK
	Retransmit burst_2 only.


	Burst_2
Burst_1
	MS2 ACK
MS1 NACK 
	Retransmit burst_1 only.



Retransmission in case of asynchronous HARQ scheme
In case of asynchronous HARQ scheme signaling is assumed for the retransmission, i.e. new burst combinations and new MCS can be signaled if necessary.

	
	MSx ACK/NACK response to initial transmission
	retransmission

	Burst_2
Burst_1
	MS2 NACK 
MS1 NACK
	burst_1 and burst_2 have to be retransmitted either together or in combination with other bursts

	Burst_2
Burst_1
	MS2 NACK 
MS1 ACK
	Retransmit burst_2 either alone or in combination with a new burst_1..

	Burst_2
Burst_1
	MS2 ACK
MS1 NACK 
	Retransmit burst_1 either alone or in combination with a new burst_2.


Multi User MIMO HARQ signaling
For Multi User MIMO using non-orthogonal superposition technique the information may be provided to clearly identify data stream 1 (burst_1) and data stream 2 (burst_2), which both are transported in the same radio resource. 

For Multi User MIMO using non-orthogonal superposition technique the information may be provided to clearly identify the ACK/NACK channels for data stream 1 (burst_1) and data stream 2 (burst_2), which both are transported in the same radio resource.

HARQ feedback

For the allocation of several HARQ feedback channels in the UL frame there are two options:

Option 1: allocate one resource unit per HARQ feedback channel

Option 2: share one resource unit for multiple HARQ feedback channel by orthogonal or non orthogonal superposition to minimize the allocated resources for HARQ signaling.

If MS1 shall also transmit ACK/NACK for burst_2 is FFS.

Option 1: MS1 shall also transmit ACK/NACK for burst_2. 

Option 1A:Two resources in the UL frame are allocated for the ACK/NACK, one for burst_1 and one for burst_2.

	Resources in UL frame 
	MS1 generates 
	MS2 generates

	Resource 1
	ACK/NACK for burst_1
	

	Resource 2
	ACK/NACK for burst_2
	ACK/NACK for burst_2


Resource 2 is used to superimpose the ACK/NACK signals of two MSes

Option 1B:Three resources in the UL frame are allocated for the ACK/NACK as shown in the following table. Each resource is used to transmit one ACK/NACK only.

	Resources in UL frame 
	MS1 generates 
	MS2 generates

	Resource 1
	ACK/NACK for burst_1
	

	Resource 2
	
	ACK/NACK for burst_2

	Resource 3
	ACK/NACK for burst_2
	


Option 2: MS1 shall not transmit ACK/NACK for burst_2. 

Option 2A:Two resources in the UL frame are allocated for the ACK/NACK, one for burst_1 and one for burst_2.

	Resources in UL frame 
	MS1 generates 
	MS2 generates

	Resource 1
	ACK/NACK for burst_1
	

	Resource 2
	
	ACK/NACK for burst_2


Resource 2 is used to superimpose the ACK/NACK signals of two MSes

Option 2B:Only one resource in the UL frame is allocated for the ACK/NACK.

The Resource is used to superimpose the ACK/NACK signals of two MSes

	Resources in UL frame 
	MS1 generates 
	MS2 generates

	Resource 
	ACK/NACK for burst_1
	ACK/NACK for burst_2


Selection of one of the options is FFS.

Uplink HARQ transmission

Initial transmission of the UL HARQ bursts

Two UL HARQ bursts, burst_1 and burst_2 occupying the same radio resource in the UL frame arrive at the BS in case of MU MIMO using non-orthogonal superposition technique. See figure 2 for example.
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Figure 2: Example UL transmission 

One of the burst may be received by the BS with higher power (e.g. burst_1), the other with lower power (e.g. burst_2). 

BS must be able to decode burst_1 and burst_2, and must generate the HARQ ACK/NACK for burst_1 and burst_2.

Retransmission of the UL HARQ bursts

Retransmission in case of synchronous HARQ scheme or in case of asynchronous HARQ scheme can be performed differently.

Retransmission in case of synchronous non adaptive HARQ scheme
In case of synchronous HARQ scheme no signaling is assumed for the retransmission, i.e. no new information (new CID, new MCS, …) is available for the retransmission.

	
	MSx ACK/NACK response to initial transmission
	retransmission

	Burst_1
Burst_2
	MS1 NACK 
MS2 NACK
	Retransmit same combination of burst_1 and burst_2

	Burst_1
Burst_2
	MS1 NACK 
( MS2 ACK )
	Can not occur because burst_2 can not be decoded without a valid burst_1.

	Burst_1
Burst_2
	MS1 ACK
MS2 NACK 
	Retransmit burst_2 only..


Retransmission in case of asynchronous HARQ scheme
In case of asynchronous HARQ scheme signaling is assumed for the retransmission, i.e. new burst combinations and new MCS can be signaled if necessary.

	
	MSx ACK/NACK response to initial transmission
	retransmission

	Burst_1
Burst_2
	MS1 NACK 
MS2 NACK
	burst_1 and burst_2 have to be retransmitted either together or in combination with other bursts

	Burst_1
Burst_2
	MS1 NACK 
( MS2 ACK )
	Can not occur because burst_2 can not be decoded without a valid burst_1.

	Burst_1
Burst_2
	MS1 ACK
MS2 NACK 
	Retransmit burst_2 either alone or in combination with a new burst_1. 


Proposed text for SDD

Insert the following text into [IEEE 802.16m-08/003r4]
-------------------------------  Text Start  -------------------------------

10.2 HARQ Functions 
10.2.x Multi User MIMO HARQ

For Multi User MIMO special HARQ mechanism will be supported if required.

For Multi User MIMO using non-orthogonal superposition technique HARQ mechanism may be supported to handle the interactions of the decoding processes of the burst pairs (burst_1 and burst_2).

DL HARQ transmission

Initial transmission of the DL HARQ bursts

Each MS must transmit ACK/NACK at least for the burst addressed to it, even if it can not decode non of the two bursts using non-orthogonal superposition technique.
Retransmission of the DL HARQ bursts

The following cases may be supported to handle the interaction of the decoding processes of the burst pairs (burst_1 and burst_2)
	
	MSx ACK/NACK response to initial transmission

	Burst_2
Burst_1
	MS2 NACK 
MS1 NACK 

	Burst_2
Burst_1
	MS2 NACK 
MS1 ACK

	Burst_2
Burst_1
	MS2 ACK
MS1 NACK 


Uplink HARQ transmission

Initial transmission of the UL HARQ bursts

BS must be able to decode burst_1 and burst_2, and must generate the HARQ ACK/NACK for burst_1 and burst_2.

Retransmission of the UL HARQ bursts

The following cases may be supported to handle the interaction of the decoding processes of the burst pairs (burst_1 and burst_2)
	
	MSx ACK/NACK response to initial transmission

	Burst_1
Burst_2
	MS1 NACK 
MS2 NACK

	Burst_1
Burst_2
	MS1 ACK
MS2 NACK 


10.2.x.y Multi User MIMO HARQ signaling
For Multi User MIMO using non-orthogonal superposition technique the information may be provided to clearly identify data stream 1 (burst_1) and data stream 2 (burst_2), which both are transported in the same radio resource.

For Multi User MIMO using non-orthogonal superposition technique the information may be provided to clearly identify the ACK/NACK channels for data stream 1 (burst_1) and data stream 2 (burst_2), which both are transported in the same radio resource.

11.x.1.2.6 HARQ feedback

For the allocation of several HARQ feedback channels in the UL frame there are two options:

Option 1: allocate one resource unit per HARQ feedback channel

Option 2: share one resource unit for multiple HARQ feedback channel by orthogonal or non orthogonal superposition to minimize the allocated resources for HARQ signaling.

Selection of one of the options is FFS.

-------------------------------  Text End  -------------------------------


  


