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1
Introduction
In this document, we discuss the number of HARQ logical states needed for EUL. Note that the number of logical states is decoupled from the physical channel mapping – the PhCH issues are dealt with in [1]. 
EUL differs from HSDPA in two distinct aspects.
· EUL will be supported in SHO
· E-TFICH might not have a CRC, similar to R99 TFCI

Therefore, we start by summarizing the HARQ states and their justification in HSDPA. Then, we analyze the number of states needed for EUL.

2
HSDPA
In HSDPA, the UE could either send an ACK or NAK or NULL on the ACKCH. The HS-SCCH is protected with a 16-bit CRC, while HS-DSCH is protected with a 24-bit CRC.

· NAK

· Scheduled UE

· HS-SCCH passes CRC and HS-DSCH fails CRC

· Un-scheduled UE

· False NAK with a probability of 1.53e-5 due to undetected error on HS-SCCH
· NULL
· Scheduled UE

· Missed HS-SCCH due to CRC failure
· Un-scheduled UE

· CRC failure on HS-SCCH

· ACK

· Scheduled UE

· HS-SCCH and HS-DSCH pass CRC

· Un-scheduled UE

· Undetected error on HS-SCCH and HS-DSCH

· Extremely rare event upper bounded by 9.1e-13

The Rx need not distinguish between NAK and NULL, unless it uses the information to reinforce the systematic bits for scheduled terminals that transmit NULL – in this case, it could retransmit self decodable packets.
The tri-state transmit signaling was intended primarily to avoid uplink load from UEs that were not scheduled.
3
R99 TFCI
In R99, the TFCI bits are not protected with a CRC. The exact decoding algorithm is implementation specific, but there are two broad classes of algorithms.

· Maximum Likelihood decoding

· Rx declares the most likely codeword

· No notion of “missing” the TFCI

· A “valid” TFCI is always declared and DPDCH is always decoded

· Erasure decoding

· Rx declares codeword that exceeds an energy threshold

· If no codeword exceeds energy metric, TFCI is assumed to be missed

· DPDCH not decoded

Combinations of both algorithms may also be used. However, depending upon the implementation, it is not always possible to distinguish between “erroneous” or “missed” TFCI.
4
EUL
The uplink control channel for EUL, denoted as E-TFICH, could conceivably be similar to R99 TFCI. Therefore, it might not have a CRC, leading to no clear notion of “correct” or “missed” or “erroneous” control information.

From the UTRAN’s perspective, there are two kinds of cells.

· Non-serving cell

· Entity that is in the active set of a UE but is not allowed to schedule E-DCH transmissions for it

· If not in the same Node-B as the serving cell, it is unaware whether this UE is allowed to transmit E-DCH or not
· Serving cell

· Entity that is allowed to schedule E-DCH transmissions

· Aware whether this UE is allowed to transmit E-DCH or not

· Does not necessarily imply that it knows whether a UE transmitted or not – the UE could choose not to transmit if doesn’t have any data left in the buffer or is power limited
If there is no CRC on E-TFICH, both types of cells cannot convey whether the packet was in error due to E-TFICH errors or E-DCH errors or both. The end effect of both types of errors is the same, viz, incorrect reception at Node-B and potential re-transmission of packet by UE.

Even if the UTRAN could distinguish between E-TFICH and E-DCH errors, there is no additional information it could convey to the UE with tri-state HARQ, unless the UE is forced to boost the subsequent E-TFICH transmission. The gains from such additional flexibility are nebulous at best.
Such mechanisms can be avoided by simply choosing the E-TFICH and E-DCH power offsets appropriately and ensuring that the required reliability can be achieved.

3
Summary and Conclusions
In this document, we analyzed the number of logical HARQ states needed for EUL. We observed that there is no good reason to have three logical states – “ACK”, “NAK” and “NULL” – in the HARQ protocol. If there is no CRC on E-TFICH, it might not even be possible for the UTRAN to distinguish between “NAK” and missed control leading to “NULL”.
Therefore, we recommend that only two logical states – ACK or NAK – be adopted as the working assumption for HARQ in EUL.
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