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1 Introduction

In this document we argue for a QoS agnostic configuration of the “Maximum number of HARQ transmission attempts” in LTE, i.e., the parameter shall be independent of the served Radio Bearer’s QoS class. This avoids additional control signaling and simplifies HARQ and scheduler operation, and conformance testing procedures.
2 Discussion

It has been discussed in RAN2 to support multiple HARQ configurations that are optimized for the Radio Bearers’ QoS requirements. It has been argued that VoIP bearers could use a HARQ configuration targeting at one or at most two HARQ transmission attempts whereas other bearers should aim for up to 5 or 6 transmissions. Furthermore, it has been proposed that the residual HARQ error rate should be adjusted to the application’s QoS requirements. For example, VoIP applications can typically sustain packet loss rates of 1-2% but require low round trip times. Internet Access applications running on top of TCP typically tolerate a larger end-to-end round trip time but are susceptible for packet losses. Therefore, HARQ may use a higher number of transmission attempts. It may even target a higher number of transmission attempts which may result in improved system capacity.

These examples indicate a gain of operating HARQ differently depending on the services’ QoS requirements. However, there are a number of limitations: Prior to each new transmission the link adaptation
 mechanism chooses a suitable transport format to approach the desired initial decoding probability. Soft-combining allows the receiver to accumulate received energy of consecutive transmission attempts which increases the probability for successful decoding. It seems to be straight forward to define the HARQ operating point and the maximum number of HARQ retransmissions so that the required residual error rate meets exactly the service requirements. However, the initial link adaptation decision is based on channel quality estimates which are likely to be inaccurate. HARQ retransmissions allow compensating for such inaccuracy if the maximum allowed number of transmission attempts is large enough. In other words, the inaccuracy of the channel quality estimates does not allow precise tuning of the residual HARQ error rate. 
Furthermore, the receiver can detect residual errors and protocol failures if it knows the maximum number of HARQ transmission attempts. This is in particular important for uplink operation: The UL scheduler resides in the eNodeB and must be aware of upcoming HARQ retransmissions. Basically, it knows that a HARQ retransmission will be sent if the HARQ receiver was not able to decode the previous transmission attempt and if the maximum number of transmission attempts has not yet been reached. Otherwise, it may expect a new data transmission to which it may want to assign different resources or which it may want to postpone in favor of another UE’s transmission. If the maximum number of HARQ retransmission attempts depends on the served Radio Bearer’s QoS class (which is up to the UE’s internal scheduler) it must be signaled from the UE to the eNodeB. This must be done out-of-band so that the eNodeB receives this information even if it cannot decode the transport block. RAN1 has already decided not to provide any data-related out-of-band signaling in UL in order to increase the coverage. Alternatively, the eNodeB scheduler must select the HARQ configuration based on the scheduling information and signal the decision to the UE which causes additional DL control signaling. 
Furthermore, we think that the “residual HARQ error rate” does not need to be adjusted to the application requirements since all known applications require residual RLC SDU loss below 1%
. Residual errors occur if the HARQ receiver cannot decode the transport block after the maximum number of transmission attempts as discussed above. But HARQ failures are also caused by protocol errors such as NACK(ACK errors or by errors in the L1 control signaling (Grants/Assignments). The overall HARQ failure rate is expected
 to be in the order of 10-3. Obviously, this is already close to the residual loss rate target of VoIP and an adjustment (e.g. to 5*10-3) does not seem to provide any extra gain. Note that RLC ARQ is needed to achieve significantly lower RLC SDU error rates.
Therefore, we propose that the “maximum number of HARQ transmission attempts” should not be service dependent.

Note, that the HARQ operating point (targeted number of HARQ transmission attempts) can be controlled by the link adaptation mechanism which resides in the eNodeB and selects the transport formats for both UL and DL transmission. Consequently, the eNodeB can e.g. control this target depending on the scheduled radio bearer’s service types if that is expected to improve performance or system capacity. This is purely implementation specific and does not need to be standardized. 
3 Conclusion

Based on the discussion presented in the previous section, it is proposed that RAN2 agrees that the “maximum number of HARQ transmission attempts” of the LTE HARQ is the same for all Radio Bearers. A corresponding text proposal is provided in Section ‎4. It is further proposed that RAN2 agrees that this parameter is configured via RRC signaling.
The benefits of this proposal include the reduction of control signaling overhead, a simplified HARQ and scheduler operation, and simplified conformance testing procedures.

The HARQ operating point (targeted number of HARQ transmissions attempts) can be steered by the link adaptation mechanism in the eNodeB. Whether the link adaptation mechanism depends on the bearer’s QoS attributes is implementation specific and does not need to be standardized.
4 Text Proposal for TS 36.321 (UL HARQ)
We propose the following changes in the TS 36.321, “Medium Access Control (MAC) protocol specification (Release 8)”. Note that this only needs to be specified for the Uplink HARQ operation. 
5.4.2.1
HARQ entity

Editor’s note: This subclause describes the overall structure (including number of HARQ processes) and function of the HARQ entities.

There is one HARQ entity at the UE. A number of parallel HARQ processes are used in the UE to support the HARQ entity, allowing transmissions to take place continuously while waiting for the feedback on the successful or unsuccessful reception of previous transmissions.
The maximum number of HARQ transmission attempts is configured per HARQ entity and the same value is used for all associated HARQ processes.
At a given TTI, if an uplink grant is valid for the TTI, the HARQ entity identifies the HARQ process for which a transmission should take place. It also routes the receiver feedback (ACK/NACK information), relayed by the physical layer, to the appropriate HARQ process.

{…}
5.4.2.2
HARQ process

{…}

The HARQ process shall:

-
if an ACK is received; or

-
if CURRENT_TX_NB ≥ maximum number of transmissions configured:

-
flush the HARQ buffer.

� Modulation and Coding Scheme selection


� Note that two radio interfaces may be involved in case of UE-to-UE connections. Further packet losses may occur in the transport- and core network. Therefore, the residual RLC SDU error rate must be lower than 1%.


� Lower failure rates would require to increase the control plane overhead.
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