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1 Introduction

In the last meeting it was agreed [1] that UE receives feedback information (ACK/NACK) on PHICH that is handled in combination with the PDCCH Uplink transmission-resource grant information as shown below.

	
	UE detects PHICH indicating the following:
	UE detects PDCCH indicating the following:
	UE behaviour:

	1
	ACK/

NACK
	Transmission
	starts new transmission according to PDCCH

	2
	ACK/

NACK
	Retransmission
	retransmits according to PDCCH

	3
	ACK
	None
	no retransmission

keeps data in buffer or clear buffer (FFS)

	4
	NAK
	None
	non-adaptive retransmission


Furthermore it has been agreed that if the UE receives ACK on the PHICH, and the UE detects PDCCH asking for retransmission, the UE behaviour gives precedence to the request for a retransmission and therefore the UE retransmits.
2 Procedure for UL
Typically, the UL grants transmitted on the PDCCH are protected by a Cycle Redundancy Check (CRC), and therefore the probability of erroneous decoding is negligible, although the probability that the UE fails to detect the PDCCH message may be as high as 10-2. The ACK/NACK transmissions on the PHICH channel are not CRC-protected and are supposed to be received with an error rate of 10-3 to 10-4. 

A mobile terminal can operate by decoding PDCCH then decoding PHICH, or by decoding PHICH then PDCCH if this is required.

Figure 1 shows the UE processing of the PDCCH and PHICH where the PDCCH is decoded first.
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Figure 1 UE processing of PDCCH and PHICH
In more detail, the UE looks for a valid PDCCH with an UL grant. If the PDCCH has been correctly decoded, then the UE looks for ACK/NACK on PHICH. If ACK or NACK is received, then the UE looks at the Incremental Redundancy Version (IRV) indicator in the PDCCH message. The UE derives from the IRV indicator whether the eNB requires a retransmission of the previous packet or a new transmission. Then, either an adaptive retransmission of the previous packet or a new transmission is carried out. 

The processing of ACK and NACK signals is not necessary if a valid PDCCH with an UL grant is received and successfully decoded. The network may therefore wish to minimise the radio resources used by not sending ACK/NACK signalling. (It was agreed in RAN1#49bis that “In cases where ACK/NACK information is implicitly given by the resource grant, then no explicit ACK/NACK is needed in addition”).
Figure 2 shows the corresponding eNB processing for the UL transmissions.
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Figure 2 eNB UL Packet Processing
If the PDCCH failed to be decoded, then the UE looks for ACK/NACK on PHICH. If ACK is decoded, the UE assumes the previous packet was received correctly and no further UE action is carried out. If NACK is decoded, the UE assumes the need for non-adaptive retransmission (i.e. using the same uplink transmission resources as for the previous transmission). There is a possibility of collision of uplink transmissions if there is a missed PDCCH grant, as the UE would assume that the retransmission is to be non-adaptive and therefore reuse the same uplink transmission resources as for the previous transmission whereas in fact these resources might have been reassigned to a different UE. 

In order to avoid the possibility of a collision occurring in this way, the eNB can transmit ACK to indicate the presence of an uplink resource grant, regardless of whether the uplink packet was successfully decoded or not. In this case, the reception of an ACK without a valid UL grant received on the PDCCH would mean that the PDCCH was missed. 

The network would only send NACK if a non-adaptive retransmission was required. This therefore reduces the probability of collision to the ACK/NACK error rate of 10-4. This is shown below:
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Figure 3 eNB UL Packet Processing
We propose that the network can configure the signalling to operate in different modes, whereby in one mode the UL grants are sent on the PDCCH together with the associated ACK/NACK signalling on the PHICH, while in another mode the UL grants are sent on the PDCCH without the associated ACK/NACK signalling. An advantage of the latter mode is the saving of the transmitted radio resources by not sending ACKs and NACKs when they are not needed. An advantage of the former mode is that if both the UL resource indication on the PDCCH and the ACK/NACK signalling on the PHICH are used then there will be a reduction in the collision probability in the UL. The configuration between the two modes allows the network to adapt the operation depending on the relative importance of the different advantages.
Additionally, in cases when persistent scheduling is used for retransmissions (i.e. default resources are configured for a retransmission to be sent a certain time interval after an initial transmission), the scheduled default resources would not be needed if the base station successfully decodes the packet after the initial transmission; it is therefore beneficial for the base station to be able to send a “zero allocation” message to the UE to cancel the default allocation for the retransmission(s) and prevent the UE from wasting power sending an unnecessary retransmission. The uplink resources can instead be assigned to another UE.

3 Conclusions

We conclude the following:

1. It has already been agreed that ACK and NACK signals are not necessary if a valid PDCCH with an UL grant is received and successfully decoded. 

2. In order to avoid collisions occurring from non-adaptive retransmissions, it is beneficial to use ACK to indicate the presence of a resource grant on PDCCH.

3. We therefore propose that the network can configure the signalling to operate in either of these two modes:

a. UL grants are sent on the PDCCH together with the associated ACK signalling on the PHICH, and NACK is only used to indicate a non-adaptive retransmission;

b. UL grants are sent on the PDCCH without ACK/NACK signalling where the ACK/NACK information can be determined implicitly from the UL grant.

4. We also propose that the network can signal the UE that it cannot use any physical resource block to transmit in, which has the advantage that unnecessary retransmissions can be avoided in cases when persistent scheduling has been configured for retransmissions. 
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