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1. Summary
RAN1 has been discussing using the redundancy version 0 or RV0 to double as an implicit new data indicator (NDI) wherein an explicit NDI bit is not signaled in LTE downlink. The document discusses the error cases when RV0 doubles as NDI and shows that there may be additional error cases occurring with low probability (10-4). If RV0 is also used as NDI, the UE behavior can be specified in some cases.
2. Scenarios for DL-SCH Transmission
If RV0=0 of the initial transmission is doubled as NDI, then RVi >0 are used for all transmissions i>0. Currently 4 RVs are defined in [1]. Thus only three RVs RVi ({1, 2, 3} are available for i>0. Some form of NDI is also expected to be needed to catch cases where the UE falsely detects a PDCCH assignment where no assignment (or an assignment for another user) is present.
In the figures, the k-th packet is denoted as [Pk]. Here ‘[ ]’ indicates that the UE does not know it is the k-th packet, since it has no information about the sequencing of the packets. 
Figure 1 shows scenarios where the UE correctly receives the k-th packet Pk and responds with ACK.

Figure 2 shows scenarios where the UE incorrectly receives the k-th packet Pk and responds with NACK. Figure 3 shows scenarios where the UE missed the k-th packet Pk assignment and responds with DTX. 

The probability of each error event is computed based on the performance targets in the Appendix. For other target probabilities not listed in the Appendix, it is assumed that the probability of ACK to NACK error (for DL-SCH), and other error events are symmetric, i.e., Prob(ACK->NACK) = Prob(NACK->ACK) = 10-4, etc. It should be noted that the analysis depends on the assumed target error probabilities. For e.g., assuming Prob(DTX to NACK) =10-2 and Prob(ACK to NACK) = 10-2 might be too pessimistic in that the second value should be small compared to the first value.  It should also be noted that this document considers DTX as a receive state, the eNodeB may or may not have DTX detection
In the figures, it is assumed that the DL grant on a retransmission (after a 1st Tx of packet is NACKed) contains RV1 though the eNB can use any RV ((RV0) in the DL grant.
Without an explicit NDI bit signaled, three cases will be affected. 
· For (1c), the physical layer will deliver a duplicate packet Pk to the MAC layer. The duplicate should be removed by the MAC reordering mechanism. Thus, this has no performance impact, although (1c) happens with a relatively high probability of 10-2.

· If an explicit NDI bit was present, then the UE knows it is old data and sends ACK without decoding, thus quickly terminating this error case. 

· For (2c), the retransmission of Pk with RV0=0 will be decoded without Chase combining leading to some performance loss.  This is because UE flushes the HARQ buffer on receiving RV0. In other words, the UE cannot differentiate between case (2b) and (2c). 
· If an explicit NDI bit was present, then the UE can differentiate between case (2b) and (2c) and can respond appropriately. Thus (2c) would have no Chase Combining loss with an explicit NDI bit. 
· For (3c), due to the asynchronous nature of DL HARQ and the lack of a separate NDI bit, the UE cannot differentiate between cases (1b) and (3c).  For this case, the UE can behave in a couple of ways which are discussed in next section. 
· If an explicit NDI was present, then the UE can differentiate between a reTx of an old packet (1b) and first Tx of a new packet (3c). Therefore, the UE can quickly terminate (1b) by responding with an ACK and also decode the new data as in (3c).
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Figure 1.
UE received k-th packet Pk correctly.

[image: image2.emf]UE eNodeB

[P

k

,] RV

0

NACK

[P

k

,] RV

1

(2a)

UE eNodeB

[P

k

,] RV

0

[P

k+1

,] RV

0

(2b)

NACK®ACK

ACK

P

k

 is lost

UE eNodeB

[P

k

,] RV

0

[P

k

,] RV

0

(2c)

NACK®DTX

No explicit NDI bit: 

No chase 

combining,

 throughput loss

Prob(NACK®ACK) = 10-4 Prob(NACK®DTX) = 10-2 No signaling error


Figure 2.
UE received k-th packet Pk incorrectly. 
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Figure 3.
UE missed k-th packet Pk assignment.
3. Discussion
For cases (1b) and (3c). The UE has following choices. 

Behavior 1. Perform HARQ combining (Worst Choice – Not desirable). Since, in (1b) the UE has already received Pk correctly, there is no benefit. In (3c), the HARQ buffer is corrupted as UE would incorrectly combines Pk-1 and  Pk. It is expected that the UE may request several retransmissions resulting in delay and throughput loss. 
Behavior 2. (See Figure 4) Discard the packet with RV1 (or any RV(RV0) and responding with ACK. For (1b), the UE simply discards the duplicate Pk and moves on. For (3c), packet Pk is lost. Since (3c) happens with a probability of 10-4, it is not expected to affect system performance significantly. The lost packet would be handled by higher layers the same way as (2b) and (3b). 
Behavior 3. (See Figure 5) When a UE sends an ACK for a current packet, it assumes the next DL grant to implicitly indicate new data irrespective of the RV use in that DL grant. In (1b), the UE may try to decode the same packet again but this occurs with probability 10-4. In (3c), the UE can decode the new packet Pk and thus the packet is not unnecessarily lost thus avoiding one error event of probability of 10-4. 
Behaviors 2 and 3 are both suitable while it is noted that the exact behavior should be selected based on the target error probabilities. With the assumptions (on error probabilities) listed in Section 2, Behavior 3 may be slightly preferred to Behavior 2. 

[image: image4.emf]UE eNodeB

ACK®NACK

[P

k

,] RV

0

[P

k

,] RV

1

(1b)

ACK

Prob(ACK®NACK) = 10-4

Discard 

duplicate P

k

UE eNodeB

[P

k

,] RV

0

[P

k

,] RV

1

(3c)

DTX®NACK

ACK

[P

k-1

,] RV

0

ACK

Prob(DTX)×Prob(DTX®NACK) 

= 10-2×10-2

=10-4

Discard P

k

, 

P

k 

is lost


Figure 4.
UE always sends ACK if receiving a packet with RV≠0 after sending ACK for previous packet (Assumption is if RV ( 0 is received after sending ACK, assume ACK is lost.)
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Figure 5.
UE decodes assumes and decodes “new data” when receiving a packet with any RV= (0, 1, 2, 3) after sending ACK for previous packet.
4. Conclusions

The document considered some issues if RV0 is doubled as an implicit NDI. It has the following impact:

1. Throughput loss due to not utilizing Chase combining, with a probability of 10-2 (case 2c).

2. A duplicate packet decoding attempt with a probability of 10-4 (case 1b with response 3 above).

When RV0 doubles as NDI, it is recommended to specify UE behavior considering the error cases. 
· When the UE receives DL grant with RV0, it assumes new data, flushes the HARQ buffer, and decodes as new packet.

· When the UE sent an ACK for a previous packet, and it receives DL assignment with any RV (including RV0, 1, 2 or 3), it assumes new data, flushes the HARQ buffer, and decodes as new packet.
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Appendix. Performance Target

The following tables are replicated from [3].

Table A1. DL control Signaling

	Event
	Target quality

	DL Scheduling information miss detection
	 (1e-2)

	UL Scheduling grant miss detection
	 (1e-2)

	NACK to ACK error (for UL-SCH)
	 (1e-4)

	ACK to NACK error (for UL-SCH)
	 (1e-4)


Table A1. UL control Signaling

	Event
	Target quality

	ACK miss detection (for DL-SCH)
	 (1e-2) 

	DTX to ACK error (for DL-SCH) 
	 (1e-2)

	NACK to ACK error (for DL-SCH)
	 (1e-4)

	CQI block error rate
	 FFS (1e-2 – 1e-1)
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