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1
Introduction
In the Jeju meeting the PHICH/PDCCH behaviour according to the following table was agreed [2]. In this paper the different alternatives for ACK interpretation in Case 3 below are discussed and possible error cases analysed.
Table 1: UE behaviour when receiving PHICH and/or PDCCH
	
	UE detectsPHICH
	UE detectsPDCCH
	UE behaviour:

	1
	ACK/

NACK
	Trans.
	start new trans. according to PDCCH

	2
	ACK/

NACK
	Retrans.
	retransmit according to PDCCH

	3
	ACK
	None
	no retransmission

Keep data in buffer or clear buffer (FFS)

	4
	NAK
	None
	non-adaptive retrans.


2
Discussion on different ACK interpretations
Two alternative eNodeB behaviours for PHICH and the corresponding behaviour in the UE were discussed in Jeju:

1. both ACK and NACK can be sent together with PDCCH;

-
eNodeB sends ACK on PHICH when scheduling a new transmission on PDCCH and sends NACK on PHICH when scheduling a retransmission;
-
UE clears the HARQ retransmission buffer when receiving only ACK (without PDCCH);
2. ACK is always sent together with PDCCH

-
eNodeB sends ACK on PHICH even when scheduling a retransmission on PDCCH;

-
UE keeps the data in the HARQ retransmission buffer when receiving only ACK (without PDCCH);
These two alternatives are discussed and possible error cases analysed in the following subsections.
2.1
Both ACK and NACK sent together with PDCCH (ACK clears HARQ retransmission buffer)
The following table describes the most probable error events, their probability and consequences. The table assumes the following: requirement for ACK to NACK and NACK to ACK errors is 0.1% whereas the loss rate for PDCCH is 1%. False alarm rate for eNB DTX detection (eNB does not notice that UE does not transmit anything) is assumed to be 1%. Thus it is assumed that in most cases eNB notices that UE has not received PDCCH correctly and can react accordingly.

The most typical error is a loss of PDCCH. If both ACK and NACK can be sent together with PDCCH, then a lost PDCCH together with a NACK makes the UE to retransmit non-adaptively which causes a collision with some other user’s transmission.
Table 2: Error cases with alternative 1
	Event
	Probability
	Consequence

	Loss of PDCCH (retransmission)
	1%
	Collision with other user’s transmission, corruption of other user’s eNB HARQ buffer (other user has to retransmit at RLC level)

	Loss of PDCCH (new transmission)
	1%
	Unused UL resource

	ACK to NACK error
	0.1%
	Additional retransmission and a collision

	NACK to ACK error
	0.1%
	Flush HARQ buffer, retransmission at RLC level

	ACK to NACK error and lost PDCCH
	≤0.1%
	Additional retransmission and a collision

	NACK to ACK error and lost PDCCH
	≤0.1%
	Flush HARQ buffer, retransmission at RLC level

	Loss of PDCCH (retransmission) and eNB does not notice it and sends NAK
	1%*1% = 0.01%
	Another collision with other user, corruption of other user’s HARQ buffer and combining of noise in this UE’s HARQ buffer


2.2
ACK is always sent together with PDCCH (ACK stops non-adaptive retransmissions, data kept in buffer)
Most collisions can be avoided if ACK is always sent together with PDCCH. Then ACK alone does not mean anything, it simply stops non-adaptive retransmissions and data is kept in the buffer.
Table 3: Error cases with alternative 2
	Event
	Probability
	Consequence

	Loss of PDCCH (new transmission)
	1%
	Unused UL resource

	Loss of PDCCH (retransmission)
	1%
	Unused UL resource

	ACK to NACK error
	0.1%
	Additional retransmission and a collision

	NACK to ACK error
	0.1%
	Unused UL resource

	ACK to NACK error and lost PDCCH
	≤0.1%
	Additional retransmission and a collision

	NACK to ACK error and lost PDCCH
	Not possible
	

	Loss of PDCCH (retransmission) and eNB does not notice it and sends NAK
	1%*1% = 0.01%
	Collision with other user, corruption of other user’s HARQ buffer and combining of noise in this UE’s HARQ buffer

	Loss of PDCCH (new transmission) and eNB does not notice it and schedules retransmission
	1%*1% = 0.01%
	UE retransmits old packet and eNB combines it with noise (duplicate detection needed in eNB)


2.3
Discussion

As seen in the tables in previous subsections, the collisions are much more likely in alternative 1 where both ACK and NACK can be sent together with the PDCCH. Furthermore, alternative 2 avoids unnecessary retransmissions at RLC level (RLC level retransmissions are needed only when the maximum number of HARQ retransmissions is reached).
For the above reasons we propose to adopt the alternative 2 for the case where non-adaptive retransmissions are required.

Proposal 1: If non-adaptive retransmissions are required, UE may assume that ACK on PHICH is always sent together with PDCCH. When receiving only ACK, UE should keep the data in the HARQ retransmission buffer.

All the collisions and unnecessary RLC level retransmissions can be avoided completely if PHICH detection is turned off in the UE. [3]
Proposal 2: usage of PHICH (together with the possibility of having non-adaptive transmissions) is configured on a UE basis.
3
Conclusion
This paper compares the two alternatives on the table for the interpretation of ACK sent on PHICH and concludes that it is better to keep the data in the buffer when an ACK is received. Furthermore, the UE may assume that ACK is always sent together with PDCCH.
Beginning of Text Proposal
5.4.2.2
HARQ process

Editor’s note.
This subclause describes the operation of the HARQ processes including handling of feedback and DRX aspects.

Each HARQ process is associated with a HARQ buffer.

Each HARQ process shall maintain a state variable CURRENT_TX_NB, which indicates the number of transmissions that have taken place for the MAC PDU currently in the buffer. When the HARQ process is established, CURRENT_TX_NB shall be initialized to 0.

In case of dynamically scheduled transmissions, the UE is configured with a maximum number of transmissions that is identical across all HARQ Processes and all Logical Channels.
If the HARQ entity provides a new PDU, the HARQ process shall:

-
set CURRENT_TX_NB to 0; 

-
set CURRENT_IRV to 0;

-
store the MAC PDU in the associated HARQ buffer;

-
generate a transmission as described below.

If the HARQ entity requests a re-transmission, the HARQ process shall:

-
if an uplink grant for this was received on [PDCCH]:
-
set CURRENT_IRV to the value indicated in the uplink grant;

-
generate a transmission as described below.

-
else if a NACK has been received for this HARQ process:

-
generate a transmission as described below.


Editor's note:  It is FFS how IRV is set if there is a persistent uplink grant.
To generate a transmission, the HARQ process shall:

-
instruct the physical layer to generate a transmission with the redundancy version corresponding to the CURRENT_IRV value and the transmission timing;

-
if CURRENT_IRV < [Y] [FFS]:
-
increment CURRENT_IRV by 1;

-
increment CURRENT_TX_NB by 1;

The HARQ process shall:


-
if CURRENT_TX_NB ≥ maximum number of transmissions configured:

-
flush the HARQ buffer.

The HARQ process shall also:

-
if CURRENT_TX_NB = maximum number of transmissions configured; and

-
no HARQ ACK is received for this process:

-
notify the relevant ARQ entities in the upper layer that the transmission of the corresponding RLC PDUs failed.

Editor’s note: It is FFS whether the HARQ buffer shall be flushed when an ACK is received, but no PDCCH is received in the same TTI.

Editor’s note: It is FFS whether the maximum number of transmissions configured for dynamically scheduled transmissions applies also to configured transmissions.

Editor’s note:
Demultiplexing of multiple positive or negative acknowledgements and the time of reception relative to the transmission of data in a HARQ process is handled by L1.
End of Text Proposal
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