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1 Introduction

At the last meeting RAN1 has agreed not to use uplink data-associated control signaling in LTE, based on the assumption that this would not imply blind transport format detection is required in the NodeB. The working assumption in RAN1 is therefore not to include any data-associated control signaling in the draft physical layer specifications. A corresponding LS was sent to RAN2 ‎[1].
This paper proposes to adopt the RAN1 decision for the HARQ design and to reflect it in the Stage 2 description ‎[2].
2 NDI-less HARQ

We provided already in ‎[3] the background on the NDI-less HARQ operation. Here we only summarize the main characteristics.

The simplest way to realize an NDI-less HARQ protocol for the LTE uplink 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 sent by the UE. 
Pre-requisites for the NDI-less operation are:

1. The transmission of new data can only occur with a scheduled grant or, if persistent scheduling is used, at predefined instances. 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, or if persistently scheduled, it must re-initialize the corresponding HARQ process and send new data with Redundancy Version (RV) 1. If asynchronous and/or adaptive HARQ shall be used, the grant must contain the expected redundancy version and the UE must send a new transmission or a retransmission accordingly.
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.

Note that the operation of an NDI-less HARQ is straightforward for dynamic and semi-dynamic scheduling, since grants are used. For persistent scheduling the additional requirement exists that the frames in which new data can be sent need to be configured. This eliminates the ambiguity for the receiver that new data or a retransmission could be sent in a certain frame.

Figure 1 shows how the NDI-less operation works for dynamically scheduled operation. The operation for persistent scheduling works similarly except that the grant is not sent. The uplink 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 with SN=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 (SN=2). It is not required that an NDI is sent along with PDU SN=2 in the uplink. If used, the NDI is 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.
3 Conclusion

We propose to adopt the RAN1 decision that no uplink data associated control signaling is sent for the RAN2 HARQ protocol design. Therefore, we prepared the following text proposal to be included in ‎[2].

4 Text Proposal
9
ARQ and HARQ

E-UTRAN provides ARQ and HARQ functionalities. The ARQ functionality provides error correction by retransmissions in acknowledged mode at Layer 2. The HARQ functionality ensures delivery between peer entities at Layer 1.

9.1
HARQ principles

The HARQ within the MAC sublayer has the following characteristics:

-
N-process Stop-And-Wait HARQ is used;

-
The HARQ is based on ACK/NACKs;

-
In the downlink:

-
Asynchronous retransmissions with adaptive transmission parameters are supported;

-
Additional optimisations (e.g. less adaptive/synchronous) are FFS.

-
In the uplink:

-
HARQ is based on synchronous retransmissions;

-
Whether resource allocation and modulation and coding scheme can be adapted for retransmissions is FFS;
-
HARQ operation does not use data-associated control signaling (e.g. NDI).

-
The HARQ transmits and retransmits TBs;
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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.
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