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1 Introduction

In RAN2#56bis meeting basic decisions on the UL priority/Rate control and the Transport Format selection scheme for LTE have been made. The adopted mechanisms will also impact the design of the HARQ protocol. One of the open issues of the HARQ protocol which were identified in the last meeting is the question whether the initial BLER and the maximum number of HARQ repetitions for a MAC PDU is radio bearer dependent or common among all radio bearers. This contribution discusses these HARQ protocol related issues and concludes to adopt a HARQ protocol where the initial BLER is radio bearer dependent whereas the maximum number of transmissions should be common among all radio bearers.

2 Discussion

2.1 Technical Background

The following Transport Format Selection scheme has been adopted for UL LTE:

eNB decides the transport format, consisting of the modulation scheme, the exact number of bits to be transmitted and thereby implicitly also the coding rate, for the transmission of an MAC PDU in the uplink. The transport format indication is transmitted to the UE as part of the uplink grant, which is signalled on the L1/L2 control channel (DL-PDCCH). UE selects data from logical channels based on the indicated tranport format in accordance to the defined prioritization rules in the UE [2]. The UE has no control on the selection of used transport format unlike in Rel6, where UE is allowed to choose a transport format within a Node B controlled set of transport formats.

2.2 Selection of initial BLER (MCS)

There are essentially two alternatives regarding the selection of the initial BLER, i.e. selection of MCS, for a MAC PDU transmision in the uplink. In the first approach eNB would choose the same initial BLER for every data transmission irrespective of the data contained in a MAC PDU, i.e.common initial BLER (MCS) among all radio bearers. This implies that there is no QoS differentiation among radio bearers (services) when making the scheduling decision, i.e. QoS requirements of the radio bearers e.g. delay and error rate requirements are not considered. In the second approach eNB determines the initial BLER for a packet transmission considering the QoS requiements of the radio bearers transmitting data in this data packet. However this requires that eNB has some knowledge on what radio bearers will transmit data in a scheduled MAC PDU. Therefore the UE needs to report it’s buffer status with sufficient high reliability and accuracy. Based on the reported UE status eNB would be able to estimate with a high probability (though not perfectly) the radio bearers UE would transmit data of in the scheduled MAC PDU. 
In our view uplink buffer status reporting needs to be anyway relatively precise and reliable in order to enable eNB to make an accurate resource allocation respectively allow for an efficient rate control. In particular due to the decision that only eNB selects the transport format transmission inefficiencies like padding caused by unprecise buffer status reporting should be avoided as much as possible. 
Since in our view the consideration of QoS requirements of radio bearers when scheduling UL data transmissions should be supported, we propose a radio bearer dependent initial BLER approach.

The initial BLER for a radio bearer may be derived from the QoS attributes signalled over S1 to eNB, e.g. lable. It should be noted that even though the selection of the HARQ operation point, i.e. initial BLER, is controlled by eNB and therefore implementation specific, the scheduling related control signalling needs to be defined in such a way, that the eNB has the possibility for radio bearer aware QoS scheduling, e.g. by means of a sufficient high reliable and precise scheduling information reporting.   

Conlusion:  Initial BLER should be radio bearer dependent

2.3 Maximum number of HARQ repetitions

The HARQ attribute maximum number of HARQ repetitions (maxReTX) can be defined in two different ways. MaxReTX could be either radio bearer specific similar to Rel6 HSUPA or common among all radio bearers. 
In LTE uplink every initial transmission needs to be explicitly scheduled by the network, i.e. ACK is no implicit grant for new initial transmission.  Therefore it’s required that UE and eNB are synchronized in terms of expected maximum number of retransmissions (maxReTX) in order to allow for an efficient HARQ protocol operation. Assuming that maxReTX is radio bearer dependent it would mean that eNB should know exactly RLC PDUs of which radio bearers are contained in a MAC PDU. However as already mentioned before due to buffer status reporting errors/unaccuracies and also reporting delay this cannot be always guaranteed. Figure 1 in annex A shows a scenario where UE and eNB have a different understanding of maxReTX, which leads to resource inefficiencies. As one can see eNB expects further retransmissions since MAC PDU could not be decoded correctly after the 4th transmission and therefore reserves the corresponding UL resources as well as the resources for the DL ACK/NACK channel. However UE assumes maxReTX equals 4 according to the selected radio bearers and therefore stops retransmitting that MAC PDU after the 4th transmission. Depending on when eNB detects that UE stopped retransmitting, e.g. eNB can distinguish between no transmission and transmission or based on the reception of a new scheduling request from this UE, significant amount of UL/DL resources would be unnecessarily reserved. 

A solution to avoid such resource inefficiencies would be to define maxReTX common for all radio bearers. It should be noted that above described problem does’t exist in Rel6 HSUPA since intial transmissions doesn’t need to be explicitly scheduled by Node B as long as UE has a valid grant. 
In scenarios of HARQ feedback errors it would be desireable to have a rather small maxReTX in order to limit resource inefficiencies. As shown in [2] in case of NACK to ACK error eNB would expect further retransmissions, in the worst case up to maxReTX, and reserve unnecessarily uplink resources. When a NACK to ACK error occurs there is a potential risk of collisions as shown in [3]. Collision will most likely remain until retransmitting UE reaches maxReTX.  

However considering that RLC is located in eNB we think that even a common maxReTX can be set to a relatively small value thanks to the HARQ/ARQ interactions and faster RLC retransmissions compared to Rel6. 
Since having defined maxReTX the same for all radio bearers would avoid resource inefficiencies for the HARQ protocol operation as shown above we propose to adopt a common maxReTX for LTE.

Conlusion:  Maximum number of HARQ repetitions should be common among all radio bearers

3 Conclusion 

The contribution discusses open issues on the UL HARQ protocol. It’s proposed that RAN2 agrees on the above made conclusions. A corresponding text proposal can be found in annex B.
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Figure 1: Resource inefficiencies in case of maxReTX is radio bearer dependent

6 Annex B
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.
· The maximum number of HARQ retransmissions is common among all radio bearers
-
The HARQ transmits and retransmits TBs;
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