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1 Introduction

The uplink L1/L2 control signaling needs to be minimized as much as possible in order to ensure good coverage. For cell-edge UEs it is sometimes difficult to reach the eNB in power-limited scenarios at required error probabilities.
So far the need for at least the New Data Indicator (NDI) has been seen.

This contribution proposes to eliminate HARQ-related uplink L1/L2 control signaling completely, i.e., a HARQ concept that is able to operate without NDI. 

In the next section we describe our motivation to introduce an NDI-less HARQ for the uplink transmission in LTE. In the third section we describe the NDI-less HARQ protocol operation.
2 Motivation
If the only HARQ-related L1/L2 control signaling sent in the uplink is the NDI bit, then it is difficult to protect it sufficiently to achieve the required error probabilities for this bit. The main purpose of the NDI bit is to detect certain HARQ feedback errors. However, if the NDI shall be a reliable indicator of HARQ feedback errors, it must have a reliability of at least two magnitudes more than the HARQ feedback itself. Assuming a HARQ feedback error probability of 10-3, this would require an error probability of 10-5 for the NDI. If this can not be achieved, the NDI is useless.
It is extremely costly to achieve an error probability of 10-5 in the uplink and it would have an impact on the coverage of the system. This has been studied previously ‎[1] when single-layer ARQ vs. two-layered ARQ was discussed.
Thus, an HARQ operation without any out-of-band L1/L2 control signaling would be a worthwhile option if the HARQ error cases can be handled efficiently.

Therefore we discuss in the following how the HARQ protocol could be operated without an explicit New Data Indicator. The simplest way to realize this is to allow the UE to only transmit new data based on Scheduling Grants. Based on the observation that it is possible to replace the NDI sent in uplink by a grant message sent in downlink, we eliminate the need for the NDI from the UE. Since grant messages are anyway needed for dynamic or semi-dynamic scheduling, the NDI becomes simply obsolete.

Pre-requisites for the NDI-less operation are:
1. The transmission of new data can only occur with a scheduled grant. Especially the UE may not use a received ACK as an implicit grant for a transmission of new data.

2. Whenever the UE receives a grant it must re-initialize the corresponding HARQ process and send new data with Redundancy Version (RV) 1.
3. The UE must send a HARQ retransmission if it receives a NACK.

4. The max. Number of HARQ transmissions is known at the UE and eNodeB and identical for all radio bearers.

Besides removing the expensive HARQ-related uplink L1/L2 control signaling, the NDI-less HARQ eliminates also all NDI-related error cases that have been identified as problematic ‎[2].

However, since it is a requirement for NDI-less operation that each transmission of a new transport block needs to be granted, this concept does not work with persistent scheduling concepts. It fits nicely to dynamic and semi-dynamic scheduling concepts ‎[3]
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‎[4].
In the following we discuss the protocol operation of the NDI-less operation in detail.
3 NDI-less HARQ Operation
Figure 1 shows how the NDI-less operation works. As mentioned above, the HARQ protocol is assumed to be synchronous, i.e., the time difference between the transmission / reception of the grant and abortion is fixed and deterministic. 


[image: image1]
Figure 1: NDI-less HARQ Operation
The uplink transmission cycle starts with a grant. Upon reception of the grant, the UE is allowed to transmit the first redundancy version of PDU 1. In the left example, this RV is correctly decoded and an HARQ ACK is sent by the eNodeB. At the same time or later, a new grant is sent that allows the UE to send a new PDU (PDU 2). 
At this stage it is not required that an NDI is sent along with PDU 2 in the uplink. The NDI is basically the signal for the receiver in the eNodeB to flush the soft buffer, because a new transmission has started. Since we assume that the grant triggers by definition a new PDU, the soft buffer can be flushed without the need for an uplink NDI. Thus, the scheduler in the eNodeB triggers not only the grant but also the local soft buffer flush. This local trigger for flushing the soft buffer can be seen as a local short-cut NDI. It does not need to be sent in uplink.
In the Annex we analyze a few error cases. Based on that are we convinced that the NDI-less HARQ operation is a viable concept for LTE.
4 Conclusion

In this contribution we proposed an NDI-less HARQ protocol for the LTE uplink. The concept is based on the observation that scheduling grants are required for dynamic and semi-dynamic scheduling. If a new grant implies that new data can be sent, it is an implicit New Data signal that can be used also locally at the eNodeB. Thus, the NDI sent in the uplink becomes obsolete.
We conclude that the NDI-less HARQ operation has the following characteristics:
· No HARQ-related uplink L1/L2 control signaling is required and thus less coverage problems for UEs in power-limited environments.
· The somewhat problematic NDI related error cases are removed.

· It fits nicely to a system with synchronous HARQ and dynamic or semi-dynamic scheduling.
We propose to investigate and discuss the NDI-less HARQ concept in more details.
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6 Annex: Error Cases

In this Annex some error cases are analysed.

6.1 Missed scheduling grant and/or missed transmission

The first error case is the case in which the UE misses (or cannot decode) the scheduling grant. With no optimization, the eNode B will abort the transmission after ‘maxNrofHarqRetransmission’ HARQ RTTs. During this time it will send a NACK for each expected transmission attempt that did however never occur. During this time the uplink resources allocated to the UE are wasted.

An optimization would be to let the eNode B detect the absence of the transmission, and issue a new grant sooner (e.g. instead of the NACK). This is shown in Figure 2b. Figure 2c shows the case when the grant is received but the transmission is missed.
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Figure 2: a) Missed Grant, b) missed grant with optimization, c) missed transmission
6.2 ACK(NACK error

A single ACK(NACK error leads to unnecessary retransmissions from the UE. However, as the eNodeB has received the HARQ PDU, it may schedule the resource to the same or to another UE. In the latter case the retransmissions will collide with the transmissions from the scheduled UE. In this case the error event is terminated after the maximum number of HARQ transmissions, i.e., the UE stops transmitting autonomously. Until then it interferes possible transmissions by other UEs.
A possible optimization would be to schedule the old UE, possibly with zero transport block size (basically a “shut up” message). 
If the eNode B schedules that same user, it is possible to detect the ACK->NACK error by observing a simultaneous NACK and scheduling grant. This is shown in Figure 3. Note that the first UE in this example can only decode UL grants sent to itself but not those grants sent to other UEs. This is because the grants are scrambled with the UE ID in order to save overhead.

[image: image3]
Figure 3: ACK( NACK error for NDI-less operation
6.3 NACK(ACK error

A NACK(ACK error will lead to the UE stopping the transmission too early (see Figure 4). The eNode B will not be able to receive the MAC PDU, but will have to wait until the maximum number of retransmissions have been made, as shown below. Note that it is not possible to detect the NACK(ACK error by absence of the scheduling grant, as the eNode B may well schedule a different user which the first UE cannot detect as explained above.

Note that if the eNode B can distinguish between no transmission and transmission it can abort the ongoing HARQ process and send an Outer ARQ status message as well as a new uplink grant to the UE. This is also shown in the Figure 4. 
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Figure 4: NACK ( ACK error for NDI-less operation
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� This is not only a pre-requisite for NDI-less operation, but a general requirement for the uplink HARQ since the eNodeB does not know a priori to which radio bearer the data belongs. Thus the maximum number of HARQ transmissions needs to be configured for all radio bearers using HARQ.
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