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1 Introduction

The signaling of the Transport Format (TF), Redundancy Version (RV) and the New Data Indicator (NDI) has been discussed within the DL control signaling session in RAN1#51bis. However, no conclusion on the necessity of an explicit NDI signaling for UL and DL assignments has been reached. 

In [1] and [2] we have proposed a joint signaling of the Transport Format, the Redundancy Version and the New Data Indicator for UL and DL PDCCH assignments protocol operation. A similar proposal has also been presented in [3] This document shows that a joint coding of the Transport Format and the Redundancy Version can be done also in case of signaling an explicit NDI. In the same way as for joint TF/RV/NDI coding, the two RV 2 bits on the PDCCH are saved. 

2 Joint TF / RV signaling with explicit NDI

In case the NDI is signaled explicitly, the RV is jointly coded with the TF as shown in the example in Table 1. In this case, for both UL and DL, the eNodeB signals the MCS level from the TF range picking RV0 in an initial assignment. For retransmission assignments, the eNodeB would typically signal from the RV range (to support IR), but is also allowed to once more signal the MCS level (from which the transport block size is derived) indicating RV0 for transmitting the systematic bits, which is useful if the eNodeB is not sure if the UE received the initial assignment. 

DL HARQ operation

Having an NDI on the DL assignments mainly helps the UE to differentiate the transport block in an upcoming DL assignment if one of the following two error cases occurred (as explained in more detail in [1] and [4]):

(a) ACK-to-NACK error on UL (transport block n)

(b) Missed DL assignment on PDCCH (transport block n+1) combined with interpreting an UL DTX on the ACK/NACK channel as a NACK

That is since the NDI bit is toggled with every new transport block, which differentiates transport blocks n and n+1.

In case of error (a), the eNodeB does not detect that an error occurred. The eNodeB will simply continue with a retransmission of transport block n and the UE would send an ACK since it knows that it already correctly decoded the transport block n.
In case the eNodeB assumes that error case (b) occurred, it would reschedule transport block n+1 providing once again the MCS level (from which the transport block size is derived), i.e. select a value from the TF range in Table 1. In case the eNodeB falsely assumes that error (b) occurred, the UE can apply soft combining of the current retransmission and the previous transmission (Chase combining).

UL HARQ operation

Having an NDI on the UL assignments mainly helps avoiding a packet loss or duplicate packet transmission (depending on the assumed protocol behavior in case without explicit NDI) when the eNodeB does not detect if the UE missed the initial assignment (UE missed an initial UL assignment and power detection on PUSCH is not reliable) (see also [5]). In this case the eNodeB would reschedule the transport block providing once again the MCS level (from which the transport block size is derived), i.e. select a value from the TF range in Table 1. In case the eNodeB falsely assumes that the UE missed the initial assignment, the UE retransmits the current transport block and the eNodeB can apply soft-combining (Chase combining).

Table 1. Joint coding of Transport Format and Redundancy Version (example)

	Signaled Value (binary)
	TF
(e.g. MCS)
	RV
	Ranges

	00000
	…
	0
	TF (MCS) range 

	00001
	…
	0
	

	00010
	QPSK rate 0.25
	0
	

	00011
	QPSK rate 0.40
	0
	

	00100
	…
	0
	

	00101
	…
	0
	

	…
	…
	…
	

	10111
	16-QAM rate 0.50
	0
	

	11000
	…
	0
	

	11001
	64-QAM rate 0.65
	0
	

	11010
	64-QAM rate 0.70
	0
	

	11011
	…
	0
	

	11100
	…
	0
	

	11101
	N/A
	1
	RV range

	11110
	
	2
	

	11111
	
	3
	


3 Discussion and Conclusion

On DL HARQ operation, the need for an explicit NDI depends on the probability of the eNodeB detecting that a UE missed a DL assignment (UE missed PDCCH + eNodeB detecting an UL DTX as NACK) and the cost of an RLC retransmission. The probability for a UE missing a PDCCH is about 10-2, whereas the probability for detecting an UL DTX as NACK depends on the detection algorithm, the way the system is operated and how the ACK/NACK will be transmitted. E.g. the UL DTX detection depends on the simultaneous transmission of ACK/NACK and CQI on PUCCH and on the transmission of ACK/NACK on PUSCH. Since in some scenarios it may be quite likely that the eNodeB cannot detect the DTX, it is a more robust design to signal the NDI explicitly. From our point of view, operating with and without explicit NDI is feasible, where we slightly prefer an explicit NDI.
For UL HARQ operation a similar rationale as for DL can be applied. Here, the driving factor is the DTX detection on PUSCH, which might be a bit more difficult than the DTX detection of UL ACK/NACK. Nevertheless, in our view also in UL operating with and without an explicit NDI signaling is feasible. However, also here we tend to an explicit NDI.

As described in this contribution and as described in [1] and [2] a joint coding of the Transport Format and the Redundancy version allows saving the two RV bits on the PDCCH with and without explicit NDI signaling, while providing the same HARQ protocol robustness as with a separate signaling of the Transport Format and the Redundancy Version. 
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