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Introduction

This contribution provides some discussion on HARQ protocol operation in a non-SHO scenario and on the related Downlink signalling aspects. In particular the UE behaviour depending on the Node B reception status of a self-decodable redundancy version (RV) is discussed. In case Node B missed the first transmission it is proposed to retransmit the self-decodable RV instead of transmitting a non-self-decodable RV.  

Node B reception scenarios

It was agreed to adopt a HARQ protocol with IR for Enhanced Uplink. 4 different redundancy versions, 2 self-decodable and 2 non-self decodable, are defined in the specifications for the HARQ protocol operation. The initial transmission of a data packet shall be always a self-decodable RV. A redundancy version is considered self-decodable if the packet can be decoded solely based on the reception of this version. Whereas in SHO it’s beneficial to use only self-decodable RVs, the usage of non self-decodable RVs provides most of the gain of an IR scheme in a non SHO scenario for higher data rates. Therefore, second (or possibly third) transmission are non-self decodable RVs. The sequence of RVs to use for retransmissions is defined in the specification. The RSN, sent on the E-DPCCH, indicates the RV to the Node B for each transmission.
During last weeks there were quite some discussion on the RAN1AH reflector regarding the benefit of using a CRC for the E-DPCCH. In our view the usage of a CRC has certain advantages over the power detection method on E-DPCCH/E-DPCCH in terms of error detection capability on the E-DPCCH and also in terms of Node B complexity. Therefore we propose to apply a 12-bit CRC for the E-DPCCH as stated in [1].  

The table below shows 3 different scenarios, which can occur when UE sends the initial transmission of a data packet. The second column in the table describes the reception status at Node B for each scenario, the third column shows the preferred UE behaviour in such situation.

	
	UE transmission
	Node B reception status
	UE behaviour depending on Node B reception

	1
	E-DPCCH sent with self-decodable RV   
	Node B decodes E-DPCCH, but CRC of E-DPCCH fails 
	UE retransmits self-decodable RV of the data packet.

	2
	E-DPCCH sent with self-decodable RV   
	Node B successfully decodes E-DPCCH, CRC on E-DPDCH fails
	UE sends next RV of the data packet according to the RSN 

	3
	E-DPCCH sent with self-decodable RV   
	Node B successfully decode both E-DPCCH and E-DPDCH
	UE sends next data packet


In case the E-DPCCH cannot be decoded correctly, as listed as the first scenario in the table, Node B cannot process the data received on E-DPDCH. A decoding of the received data is not possible and therefore Node B discards the data. In our view it would be beneficial to transmit the self-decodable RV again in such a situation. When UE sends retransmissions according to the specified RV sequence, a decoding of the data packet is only possible after the transmission of the next self-decodable RV, which may lead to an increased delay. Therefore we prefer to retransmit the self-decodable RV (initial transmission) in such a scenario. 
Scenario 2 describes the case when Node B decodes the E-DPCCH correctly, but the CRC on the E-DPDCH fails. Here Node B can use the received energy on the E-DPDCH when combining it with further retransmissions. Therefore UE shall retransmit according to the specified RV sequence in this case.  We propose that the UE behaviour is different depending on whether the 1st or 2nd scenario has occurred.

Downlink signalling

The UE behaviour should be different depending on whether the 1st or 2nd scenario has occurred as already mentioned. Since UE is not aware of the occurred scenario, Node B has to indicate this to the UE. In [2] it was proposed to introduce a third HARQ feedback level in addition to ACK/NACK in order to request the transmission of the same self-decodable RV of the data packet.
However from DL transmission power point of view, we prefer not to introduce a third level of the HARQ feedback. 

Due to the fact that a synchronous HARQ protocol was adopted for Enhanced Uplink, Node B is aware of the retransmission timing. One can make use of the fact, that retransmissions are not scheduled by Node B. A combination of HARQ feedback and scheduling related signalling can be for example used to indicate to the UE, that it should transmit a self-decodable RV at next retransmission timing. Relative grants are sent on the same channelization code as the HARQ feedback. Since retransmissions are not scheduled Node B would signal a DTX on the E-RGCH, which corresponds to a “Rate Keep” command in case of retransmissions (NACK). In order to reuse the existing signalling instead of introducing a new feedback level we propose to define a combination of relative grant and HARQ feedback for indicating the request of a self-decodable redundancy version. One exemplary implementation is shown in the table below. Node B signals a NACK in combination with a “Rate Down” command in order to request the transmission of a self-decodable RV. Applying this approach to the described scenarios in the table above, Node B would signal “NACK” in combination with “Rate Down” when scenario 2 occurs. In case of scenario 3 “NACK” in combination with a “Rate keep” command would be signalled, the default value for retransmissions. 

	HARQ feedback
	Relative grant
	Description

	NACK
	Rate Up
	Not specified

	NACK
	Rate Keep
	UE shall retransmit according to the specified RV sequence

	NACK
	Rate Down
	UE shall retransmit the self-decodable RV


By using a combination of relative grant signalling and HARQ feedback for the request of a self-decodable transmission, the drawbacks inherited by the introduction of a new HARQ feedback level can be avoided.  

Conclusions
This contribution discussed DL signalling related issues for Enhanced Uplink.
The following is proposed:

· Distinguish at Node B between the 1st and 2nd scenario, described in the first table

· Use a combination of HARQ feedback and relative grant signalling, as shown in the second table, in order to indicate the request of a self-decodable RV instead of introducing a new feedback level.
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