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1
Introduction
This contribution analyzes the interaction between PDCCH and PHICH for UL HARQ operation.  

2
Control Signalling Performance

The agreed target quality on L1/L2 control channels of E-UTRAN is [1] :
-
Lost PDCCH: 10-2
-
NAK → ACK error: 10-3 – 10-4
-
ACK → NAK error: 10-3 – 10-4
Because it is protected by a CRC, signalling for one UE carried on PDCCH is inherently more reliable than the one carried on PHICH. In case of conflict between the two, PDCCH should therefore take precedence over PHICH. For instance, if the PDCCH allocates uplink resources for a retransmission while PHICH indicates an ACK, a NAK→ACK or DTX→ACK error should be assumed. 

Proposal 1: PDCCH takes precedence over PHICH.

The table below describes all combinations of PHICH and PDCCH content assuming the precedence rule (in blue):

Table 1: UL Retransmissions

	PHICH (1)
	PDCCH (1)
	UE Behaviour

	ACK
	Trans.
	ACK and start new trans. according to PDCCH

	ACK
	Retrans.
	NAK (PHICH ignored) and retransmit according to PDCCH

	ACK
	None
	ACK and no new dynamic trans. due to missing PDCCH

	NAK
	Trans.
	NAK and start new trans. according to PDCCH

	NAK
	Retrans.
	NAK and retransmit according to PDCCH

	NAK
	None
	NAK and non-adaptive retrans.

	Note 1: as seen by the UE. 


3
Collisions
When PDCCH and PHICH are used together to govern retransmissions, some problematic error cases occur
1) When the PDCCH is lost and a NAK on the PHICH is correctly received; and

2) When the PDCCH is lost and the PHICH is not correctly received by the UE:
-
PDCCH lost and DTX → NAK error: an erroneous non-adaptive retransmission is triggered;
-
PDCCH lost and ACK → NAK error: an erroneous non-adaptive retransmission is triggered;
-
PDCCH lost and DTX → ACK error: RLC retransmission of the packet needed to recover it, lost otherwise;

-
PDCCH lost and NAK → ACK error: RLC retransmission of the packet needed to recover it, lost otherwise;

NOTE:
since both PDCCH and PHICH are sent in the same DL TTI, the probability of having an error on PHICH and the probability of loosing the PDCCH are highly correlated.
Unlike in HSUPA, useless retransmissions are not only harmful to the UE which performs them, but also to the UEs which have been allocated the same UL subframes. Collisions in uplink should be avoided to the largest possible extent.

Concerning the first issue, if we send NAK on PHICH and UL allocation for retransmission on PDCCH is lost; the UE retransmits using the initial allocation and causes collision. This can be avoided, either by sending always ACK together with PDCCH [3] or by sending nothing (DTX) on PHICH. The former means that ACK does not mean ACK anymore and local NAK interaction cannot always be ensured. For local NAK interaction, ACK on PHICH is at least required. DTX could then be interpreted as NAK for the case where new allocation for new data is sent on PDCCH (otherwise ACK would be sent). One possible drawback is that having DTX in addition to ACK and NAK detection in the UE makes PHICH less reliable.
Proposal 2: NAK on PHICH is never sent together with PDCCH and DTX is interpreted as NAK.

Then regarding the 2nd problem, the only way to avoid collisions in uplink is to schedule retransmissions always [2]. Getting rid of the PHICH at the same time would not only guarantee that no collisions would take place but would also save on signalling overhead and maximise capacity [2]. If that is not acceptable to RAN WG2, the possibility to always schedule retransmissions and switch off the possibility for given UEs to have non-adaptive retransmissions should at least be offered so that one who wishes to reduce UL collision probability, minimise DL signalling overhead and maximise capacity has the freedom to do so.

Proposal 3: usage of PHICH (together with the possibility of having non-adaptive transmissions) is configured on a UE basis.
Not having a PHICH does not always allow local NAK interaction (for the last packet). It is however believed that introducing a PHICH for local NAK interaction would make the optimisation too expensive.
4
Conclusion
This contribution has analyzed the interaction between PDCCH and PHICH for UL HARQ operation. A few proposals were made to cope with error cases resulting into two possible UE behaviours:
Behaviour 1: PHICH used and Non-Adaptive retransmissions possible. PDCCH takes precedence over PHICH and NAK on PHICH is never sent together with PDCCH and DTX is interpreted as NAK (proposal 1 and 2).
Behaviour 2: Retransmissions are always scheduled and PHICH is not needed (proposal 3). 
Table 2 and Table 3 below explain how the UE reacts to different combinations of PHICH (when used) and PDCCH for Behaviour 1 and Behaviour 2 respectively. An additional solution [3] is also included in Table 2 for completeness.

Our preference would be to specifiy behaviour 2 as it is obviously simpler and more performant [2]. If that is not acceptable to RAN WG2, the possibility to configure the UE according to behaviour 2 should at least be offered so that one who wishes to get rid of UL collisions, minimise DL signalling overhead and maximise VoIP capacity has the freedom to do so.

.

Table 2: UE Behaviour “PHICH used and Non-Adaptive retransmissions possible”
	PHICH
	PDCCH
	No NAK together
with PDCCH
	ACK always together 
with PDCCH [3]

	ACK
	Trans.
	ACK and start new trans. according to PDCCH
	ACK and start new trans. according to PDCCH

	ACK
	Retrans.
	NAK (PHICH ignored) and retransmit according to PDCCH
	NAK (PHICH ignored) and retransmit according to PDCCH

	ACK
	None
	ACK and no new dynamic trans. due to missing PDCCH
	NAK but no retransmission due to missing PDCCH

	NAK
	Trans.
	NAK (DTX → NAK error) and start new trans. according to PDCCH
	ACK (ACK → NAK error) and start new trans. according to PDCCH

	NAK
	Retrans.
	NAK (DTX → NAK error) ans retransmit according to PDCCH
	NAK and retransmit according to PDCCH

	NAK
	None
	NAK and non-adaptive retrans.
	NAK and non-adaptive retrans.

	DTX
	Trans.
	NAK and start new trans. according to PDCCH
	N/A

	DTX
	Retrans.
	NAK and retransmit according to PDCCH
	N/A


Table 3: UE Behaviour “PHICH not-used and Non-Adaptive retransmissions possible”
	PDCCH
	Retransmissions 
always scheduled

	Trans.
	ACK and start new trans. according to PDCCH

	Retrans.
	NAK and retransmit 
according to PDCCH

	None
	Do nothing
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