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1 Introduction
In the last meeting, the concept of contention-based (CB) uplink was discussed and adopted [1]. Since CB transmission does not request for dedicated uplink resource grant in advance, transmission latency is largely reduced. However, the retransmission due to transmission collision is inevitable. In this contribution, we share our views on some possible alternatives for retransmission.
2 Discussion on alternatives of retransmissions
CB transmission is available for a group of UEs that decode the resource grant. If more than one UE transmit data over the uplink resource block, collision occurs. Then, retransmission is required. In [2], four possible retransmission methods were proposed and discussed:
- Retransmissions on RLC
- Using PHICH feedback and MAC local NACK
- Using dedicated MAC acknowledgement
- Adaptive HARQ
Th four methods can be generally categorized into RLC-based, MAC-based, HARQ-based (L1 signaling-based) retransmission. The RLC-based retransmission is initiated when ARQ feedback is received. This kind of retransmission requires longer response time, which can not meet the requirement of latency reduction (i.e., 10ms). The MAC-based scheme is to use MAC CE to carry the acknowledgement message. The benefit is that the successful UE can be explicitly identified. But, the main drawback is signaling overhead when dedicated MAC acknowledgement is applied. As for HARQ-based retransmission, it requires only L1 signaling.
In this contribution, we discuss the some possible retransmission alternatives based on MAC and HARQ acknowledgement.
2.1 MAC-based acknowledgement
The performance of CB transmission highly relies on collision probability. To reduce the collision probability, eNB can either control the CB loading at low level or allocate multiple resource blocks for a group of CB UEs. Since the CB transmission does not come with resource request in advance, we think multiple-block allocation is a better option: the eNB allocates more than one CB resource blocks for a group CB UEs and each UE randomly chooses one out of the granted resource blocks and transmits CB data. However, unicasting the acknowledgements for those CB blocks require multiple MAC CEs. It would result in signaling overhead issue, as mentioned above. 
To alleviate the signaling overhead, one possible enhancement is to use broadcasting rather than unicasting. That is, a broadcasted MAC CE is applied to carry multiple acknowledgements. Take the Fig. 1 as an example. Multiple CB resource blocks are allocated in frame i and one CB-acknowledgement MAC CE is transmitted in the following frame i+1. The MAC CE can contain the reception status of each CB resource block and the UE IDs of the successful transmissions. In addition to the signaling overhead reduction, another benefit is the complexity reduction of PDCCH decoding. Since multiple unicasting MAC CEs are composed into one single MAC CE, only one PDCCH with CB-RNTI is required.
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Fig. 1: Example of broadcasted MAC CE
2.2 HARQ-basde acknowledgement
HARQ-based acknowledgement is another possible solution for CB retransmission. However, the merit of soft combining can not always be applied to improve transmission quality because transmission failure may be caused by collision or bad channel quality. If the transmission failure is due to collision, there is no performance gain even after multiple retransmissions. Adaptive HARQ was discussed in [2]. The basic principle is that HARQ retransmission is only applied if no collision is detected. To our understanding, we think the distinguishment between two failure cases is possible. One possible way for the distinguishment is power threshold-based decision rule. For example, if the eNB can not correctly decode an uplink data from the CB grant but the received power does not exceed a pre-defined threshold, the failure case can be deemed as bad channel qulity one and eNB can initiate a HARQ retransmission.
Currently, HARQ acknowledgement channel, PHICH, carries bi-state information (bi) : ACK or NACK. And, the information is spreaded with a specific code sequence (ci). That is, the signal over the PHICH is bi*ci. Table 1 is the code sequence table of PHICH [3]. To further indicate the availability of retransmission, more information is required. We think multi-state PHICH might be a possible option. For example, we can define tri-state for PHICH: ACK, NACK and CONTINUE. 
· ACK: the signal is used to indicate successful transmission.

· NACK: the signal is used to indicate failed transmission due to collision.

· CONTIUE: the signal is used to indicate failed transmission due to bad channel quality. 
To implement the tri-state PHICH, the UE can be allocated with more than one code sequences. For example, code 0 and 4 are allocated to a specific UE and code 0 represents is for ACK/NACK and code 4 is for CONTINUE.
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Table 1: code sequence table of PHICH
3 Conclusions

In this contribution, we discuss the alternative for CB retransmission. For MAC-based acknowledgement, MAC CE in broadcasted format is preferable. As for HARQ-based acknowledgements, we think multi-state PHICH is a possible candidate to implement the concept of adaptive HARQ. It is suggested that RAN2 has some discussions on MAC-based and HARQ-based CB retransmission.
Proposal: It is suggested that MAC-based and HARQ-based acknowledgements are considered for CB retransmission.
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