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1.
Introduction 

RAN WG1 has received a LS from RAN WG2 stating their views on the issue of explicit NDI vs. RV for new data indication. In addition RAN WG2 has also made some progress on the PHICH/PDCCH interaction issue. This contribution summarizes the current status and provides motivation for the need for NDI in the UL.
2.
PHICH/PDCCH Interaction

In the November 2007 meeting, RAN WG2 arrived at the following conclusion in the issue of PHICH/PDCCH interaction.

	
	UE detects PHICH
	UE detects PDCCH
	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 retransmission


Thus in case 1, given the higher reliability of information transmitted on the PDCCH compared to the PHICH (i.e. PDCCH information is protected by UE specific CRC), when the UE does receive a PDCCH it has been agreed that the PDCCH shall override the PHICH indication. If the PDCCH indicates new transmission then the UE shall transmit a new packet. Similarly, in case 2, the UE follows the PDCCH and if it indicates a retransmission then the UE shall retransmit the previous packet irrespective of whether it receives an ACK or NACK on the PHICH. In case of case 4, the reception of a NACK on the PHICH along with no PDCCH being received is a signal for the UE to retransmit using the prior signaled resources (non- adaptive transmission).  A good network implementation would in fact never transmit a NACK with a PDCCH grant in order to increase the reliability of the overall mechanism.  It should instead transmit an ACK when granting retransmissions.  This has implications for UE behavior for case3. 
In case 3, the UE either fails to detect the PDCCH (which can be granting resources for a new or initial transmission) or no PDCCH was transmitted to the UE. If the UE fails to detect a case 2 scenario (i.e. the eNode B requests an adaptive retransmission via PDCCH but the UE fails to detect it) and the flushes the buffer, the packet is lost. The probability of this occurring is:

{probability of eNodeB requesting a retransmission (0.1 to 1 depending on first transmission BLER) } x {probability of UE missing the retransmission grant (1e-02)}

Therefore, if the UE flushes the buffer upon receiving an ACK, the probability of packet loss is still relatively high (1e-03 to 1e-02 depending on first transmission BLER). One proposal is that the UE keep’s the packet in it’s buffer so that subsequent PDCCH reception can clarify the situation and avoid packet loss. 
3. NDI vs. RV

The above status is closely tied to the current NDI vs. RV issue. Consider the following situation in the figure 1 below.
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Figure 1 Need for separate NDI bit in grant

Figure 1 illustrates one potential problem (referred to here as the “idle” problem) in case RV=0 is treated as a NDI and adaptive retransmissions are being used. Due to the loss of a grant with indication of RV=0, the system can essentially suffer from loss in spectral efficiency, since the UE will ignore any further grants from the network unless one is received with RV=0 indicating new data expected. Note that unless the network relies on energy detection with the required reliability it cannot determine the reason for not receiving an expected uplink transmission i.e. the eNodeB does not know if its DL grant was lost, or, if the UEs UL packet transmission was lost.  From the network perspective, re-transmitting a grant with the RV set to 0 (assuming that it was lost) since in the case where the UE did receive the grant and sent a packet but the eNode B failed to detect it, the UE on receiving the subsequent (retransmitted) grant with RV=0 for PCKT2, will be interpreted as a grant for PACKT3 causing packet loss (i.e. another significant error condition is enabled by trying to solve the “idle” problem by resending the RV=0 grant – where NDI is implicitly indicated by sending RV=0). Therefore, the eNodeB should request for a retransmission (assuming that UL transmission was lost) as illustrated in the figure.  However, the UE can then only ignore all subsequent retransmission grants unless it  receives one with RV=0. It should be noted that , as discussed in Section 2, the UE cannot always interpret the ACK on PHICH to mean that the previous packet (PK1) has been successfully received.  Due to the rather high probability of occurrence (1e-2), it is seen important to avoid this case (lost grant with RV0 (“idle” problem)).. Figure 1 also illustrates how this issue is addressed by using a separate NDI bit.

As noted above, the need for a NDI bit may be alleviated based on further investigations into the feasibility if energy detection at the eNode B to detect the case of lost grants. However, in the absence of any studies showing that energy detection can be relied on with reasonable implementation complexity, it is proposed to rely on an explicit NDI bit for the UL. 

4.
Proposal

To avoid lost packets and loss of spectral efficiency and due to the relative high potential for lost grants (1e-2) it is proposed to include an explicit NDI bit in the UL grant and not rely on RV=0 to implicitly signal “new data expected”.
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