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1 Introduction

The signaling of the Transport Format (TF), the Redundancy Version (RV) and the New Data Indicator (NDI) has been discussed within the DL control signaling session in RAN1#51b and on the RAN1 email reflector thereafter. However, for both UL and DL assignments, no conclusion on the necessity of an explicit NDI signaling and the joint/separate coding of the MCS level and the RV has been reached.

This contribution provides further details on the proposal provided in [1] by elaborating error scenarios and the related protocol behavior based on the alternatives discussed on the RAN1 email reflector.

2 RV/NDI signaling alternatives

2.1 Downlink assignments

Table 1 shows the signaling alternatives for the DL assignments as discussed on the RAN1 email reflector. Having an explicit NDI on the DL assignments (alternatives 1 and 3) 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 [2] and [5]):

(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 based on the NDI value. This UE behavior should be specified.  
In case the eNodeB assumes that error case (b) occurred, it would reschedule transport block n+1 with RV0. 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).

The less reliable the UL DTX detection of the ACK/NACK channel, the more important is it to have an explicit NDI in order for the UE to differentiate between the error events. Therefore, in order to design a robust DL HARQ protocol having an explicit NDI is beneficial (alternatives 1 and 3).

Conclusion: The NDI should explicitly be signaled on PDCCH DL assignments.

In terms of the difference in protocol behavior of alternative 1 and alternative 3, we make the following observations:

· In an instance when the eNodeB cannot reliably detect the DTX of the UL ACK/NACK channel (e.g. cell edge UE, high Doppler UE, multiplexing of CQI and ACK/NACK), the eNodeB should retransmit RV0, which is “self-decodable”. In alternative 1, the eNodeB may retransmit RV 1-3 – providing potential IR gain – since the transport block size information can be signaled along with RVs 1-3. However, the following issues should be considered:

· If the code rate in the first transmission is high, RVs 1-3 may not be “self-decodable” causing additional retransmissions and delay.

· If the code rate in the first transmission is low, the IR gain is marginal, since RVs 1-3 provide only limited additional redundancy.

· The IR flexibility of alternative 1 is limited, since the transport block size information in the retransmission needs to match the transport block size information in the first transmission. This is only possible if the RB allocation size of the retransmissions is either unchanged or only marginally changed, since the transport block sizes, which can be signaled, depend on the RB allocation size (according to the transport format signaling agreement in RAN1#51b [7]). 

· The eNodeB knows if a UE is at the cell-edge, in high Doppler or if CQI and ACK/NACK are multiplexed. Therefore, it can adjust its retransmission strategy in alternative 1 as well as in alternative 3 to the respective scenario.

· In an instance when the eNodeB assumes that it can reliably detect the DTX of the UL ACK/NACK channel, we observe the following: 

· In case of correct DTX detection, the eNodeB retransmits RV0 and the UE sees a first transmission of the transport block. There is no difference between alternatives 1 and 3.
· In case of an NACK -> DTX error, the eNodeB retransmits RV0 and the UE performs Chase combining. There is no difference between alternatives 1 and 3.
· In case of a DTX -> NACK error, the eNodeB retransmits one of the RVs 1-3:

· Alternative 1: Depending on the code rate in the initial transmission and depending on the target BLER, the UE may or may not decode correctly since the UE did not receive RV0.

· Alternative 3: The UE cannot decode the first retransmission, since it does not know the transport block size. The UE sends another DTX on the UL, which tells the eNodeB to transmit RV0 in the next retransmission. It should be noted, that the overall probability of an additional DTX -> NACK error is P (missed_PDCCH) ( P (DTX -> NACK)2. 
From the observations above we conclude the following:

· In terms of protocol robustness, there is no difference between alternatives 1 and 3, i.e. in both alternatives the same error cases can be recovered

· Alternative 1 has some HARQ performance benefits in very limited scenarios when the PDCCH of the initial transmission is missed (1%)

· Alternative 3 always saves 2 bits on the PDCCH compared to alternative 1, which always provides performance benefits due to reduced PDCCH signaling overhead

Table 1. Alternatives for RV/NDI signaling for downlink assignments

	
	Alternative 1
	Alternative 2
	Alternative 3
	Alternative 4

	Description
	Separate signaling of 1 NDI bit and 2 RV bits
(same as HSPA)
	No explicit NDI, 2 RV bits with RV = 0 indicating "new transmission" and RV > 0 retransmission
	Separate signaling of 1 NDI bit, RV signaled by reserving 3 entries in the MCS table
	Both NDI and RV signaled by reserving entries in the MCS index

	PDCCH Overhead (RV + NDI)
	3
	2
	1
	0

	NDI
	Toggled between consecutive transport blocks
	Initial TX: 
RV = 0

Re TX:
RV > 0
	Toggled between consecutive transport blocks
	Initial TX: 
RV = 0

Re TX:
RV > 0

	No ACK/NACK DTX detection 

UE missed first transmission
(probability 10-2) and eNodeB cannot detect
	eNodeB can choose RV freely (but should always retransmit RV0 “self-decodable”)
	UE cannot differentiate between error cases:

(a) missed first transmission

(b) ACK->NACK error of previous transport block
	eNodeB should always (re)transmit RV0
	UE cannot differentiate between error cases:

(a) missed first transmission

(b) ACK->NACK error of previous transport block

	ACK/NACK DTX detection

UE missed first transmission
(probability 10-2) and eNodeB detects
	eNodeB can choose RV freely (should use RV0 “self-decodable”)
	eNodeB should (re)transmit RV0
	eNodeB should (re)transmit RV0
	eNodeB should (re)transmit RV0

	NACK -> DTX error

eNodeB assumes UE missed first transmission, but instead UE received first transmission
	eNodeB retransmits RV0, UE performs Chase combining
	eNodeB retransmits RV0 indicating a new transport block, UE  assumes new transport block => RLC reTX (previous transport block)
	eNodeB retransmits RV0, UE performs Chase combining
	eNodeB retransmits RV0 indicating a new transport block, UE  assumes new transport block => RLC reTX (previous transport block)

	DTX -> NACK error

eNodeB assumes UE received first transmission, but UE missed first transmission
	eNodeB retransmits RV1, UE is likely not able to decode after first retransmission, UE stores transport block and protocol continues normally
	eNodeB retransmits RV1:UE is likely not able to decode after first retransmission, UE stores transport block and protocol continues normally. It is assumed that one of the RVs 1-3 is identical to RV0
	eNodeB retransmits RV1 (UE does not know TBS), UE is not able to decode, protocol continues normally, UE can decode when RV0 is received
	eNodeB retransmits RV1 (UE does not know TBS), UE is not able to decode, the transport block is lost => RLC reTX


2.2 Uplink assignments

In terms of UL assignments the following alternatives have been discussed:

A) 1 NDI bit (toggled between consecutive transport blocks), no RV indication 
B) NDI signaled by reserving an MCS index (0 bit), no RV indication 
C) 1 NDI bit (toggled between consecutive transport blocks) and RVs signaled by reserving entries in the MCS index (0 bit) (same as alternative 3 for DL)

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 an 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 [6]). In this case the eNodeB would reschedule the transport block with RV0. 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).

Similarly to the argumentation for the downlink operation, an explicit NDI (alternatives A and C) provides more robustness.

Conclusion: The NDI should explicitly be signaled on PDCCH UL assignments.

For alternative A, in case the first assignment (PDCCH) was missed by the UE and the eNodeB erroneously detected PUSCH energy for the scheduled UE, the protocol only continues if the eNodeB explicitly schedules the next transmission (first retransmission) by a PDCCH uplink assignment. However, the eNodeB and the UE are not synchronized with respect to the RV index, i.e. the UE would send RV0 and the eNodeB would expect RV1. Alternative C can resolve this problem by explicitly indicating the RV to the UE on the PDCCH. The corresponding HARQ protocol behavior for alternative C would be as follows:
Whenever the UE receives an UL assignment for a transport block, for which it does not know the transport block size, the UE does not transmit on the uplink (DTX on PUSCH). This tells, the eNodeB to explicitly schedule RV0 indicating the transport block size.

Based on the discussion above for uplink we propose alternative C, which is identical to the NDI/RV signaling scheme proposed for downlink.

3 Conclusion

In order to provide a robust and efficient HARQ operation for LTE, we propose the following RV and NDI PDCCH signaling scheme for uplink and for downlink assignments:

· Explicit signaling of a NDI, which is toggled between consecutive transport blocks

· Joint signaling of MCS level and RV, where 3 entries of the MCS table are reserved for RVs
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