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1 Introduction

Currently, contention resolution during random access procedure is based on either PDCCH addressed to its C-RNTI if UE is in RRC_CONNECTED state, or UE Contention Resolution Identity on DL-SCH if UE is in RRC_IDLE state. This document is to discuss an enhancement for contention resolution.
2 Discussion
The problem that a UE losing contention resolution during random access procedure could misinterpret the UL grant allocated to the winning UE as to itself was pointed out in [1]. The problem can happen no matter the UE is in RRC_CONNECTED state or in RRC_IDLE state. 
For example, assuming UE A (in RRC_CONNECTED state) and UE B (in RRC_IDLE state) transmit the same preamble at the same time in the same resource block. They will be allocated the same Temporary C-RNTI in the same RA response. If UE B wins the contention, UE B will set its C-RNTI to the value of the Temporary C-RNTI while UE A would continue using the same Temporary C-RNTI value for an amout of time. If UE A is in RRC_IDLE state, this could also happen in case UE A fails to receive the Msg4. If the UL grant for UE B is sent while UE A’s contention resolution timer is still running, UE A would consider the UL grant is for itself since the UL grant is addressed to UE A’s Temporary C-RNTI. If the UL grant is for the HARQ process used for Msg3 transmission, the UL grant is regarded as the UL grant for the adaptive retransmission of Msg3. If the UL grant is for the HARQ process other than the one occupied by Msg3, the UL grant might be regarded as an UL grant for adaptive retransmission. If the losing UE interprets the UL grant for the winning UE as the grant for itself, the corresponding UL transmission may therefore cause interference to the winner. 
Meanwhile, as the losing UE will continue monitoring the PDCCH until contention resolution timer expires, extra power consumption would occur. In the worst case that the UE loses the contention resolution during the first transmision of Msg3, the extra battery consumption will last untill the maximum number of Msg3 transmission is reached. Since only after the maximum number of Msg3 transmission is reached, a subsequent random access is re-attempted, the success of UE random access is also delayed. 

If the UE knows that the UL grant received is for another UE, the problem can be avoided with certain method. During the procedure of contention resolution, the UE has to monitor PDCCH addressed to its Temporary C-RNTI for Msg3 retransmission. Due to the characteristics of synchronous UL HARQ process, the UL grant for same HARQ process should be received or indicated with the fixed intervial of an HARQ RTT duration (8ms) for adaptive or non-adaptive retransmission. Just as illustrated in Figure 1, if RAR which contains the UL grant for the first transmission of Msg3 is received in subframe n, the UL grant for adaptive retransmission or non-adaptive retransmission of Msg3 should be received or indicated in subframe n+8, n+16 and so on. So if an UL grant addressed to its Temporary C-RNTI is received at the subframe other than n+8, n+16 and so forth, for example at point a and b, UE should not consider the UL grant is allocated to itself but to another UE. So if an UL grant addressed to its Temporary C-RNTI is received at the subframe which is not aligned with the timeline of the HARQ process used for Msg3, UE should determined that the UL grant is for another UE. 
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Figure 1: UE receives a UL grant addressed to Temporary C-RNTI which is not aligned with the timeline of the HARQ process used for Msg3
Proposal 1: If a UL grant addressed to a UE’s Temporary C-RNTI is received in the subframe which is not aligned with the timeline of the HARQ process used for Msg3, the UE determine that the UL grant is not for itself. 

If the UE determines that the UL grant addressed to its Temporary C-RNTI which is received during the running of the contention resolution timer is for another UE, the corresonding UL transmission should not be performed to avoid UL interference to the UE for which the UL grant is intended. The UE should consider itself as a loser of contention resolution, discard the Temporary C-RNTI, and consider the contention resolution not successful due to the fact that the UE for which the UL grant is allocated to is actually the winner. As the random access procedure isn’t considered successful, the UE could re-attempt subsequent random access immediately. Or the UE could stop monitoring PDCCH while only re-attempt the subsequent random access later, for example, after the expiration of contention resolution timer, after applying the backoff time according to default or received backoff parameters, etc.
Proposal 2: If the UE determines that the UL grant addressed to its Temporary C-RNTI is not for itself, UE should discard the Temporary C-RNTI and consider the contention resolution not successful. 
The advantage of this method is more obvious if the parameters maxHARQ-Msg3Tx and mac-ContentionResolutionTimer are set to a relatively large value. For example, the parameter maxHARQ-Msg3Tx is configured to 5 and the parameter mac-ContentionResolutionTimer is configured to sf16. 
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Figure 2 UE’s behaviour after receiving a UL grant addressed to Temporary C-RNTI which is not aligned with the timeline
In the example illustrated in Figure 2, the UL grant addressed to Temporary C-RNTI is received in subframe N+6, which is not aligned with the HARQ process for Msg3. With the procedure proposed above, the UE can determine that the contention resolution is not successful. The UE needn’t either to perform contention resolution until contention resolution timer expires or to monitor UL grant addressed to Temporary C-RNTI for Msg3 retransmission. In the example illustrated in Figure 2, the contention resolution can be speed up from 16ms to 3ms, and the power consumption to monitor PDCCH addressed to the UE’s C-RNTI or Msg4 for contention resolution can be decreased to 3/16 as no further Msg3 retransmission is triggered. Furthermore, UE will not monitor PDCCH for the subsequent Msg3 retransmission, which saves the power consumption greatly. In current Rel-8 contention resolution procedure, it is possible that Msg3 retransmission is triggered at subframe N+12 if a NACK is received at subframe N+8, so the contention resolution timer will be restarted, the contention resolution will be delayed, and the corresponding power consumption for contention resolution will be increased further compared to the proposed procedure. 
3 Conclusion 
In this contribution, we discuss an enhancement for contention resolution. Based on the discussion in the paper, we propose that:
Proposal 1: If a UL grant addressed to Temporary C-RNTI is received a the subframe which is not aligned with the timeline of the HARQ process used for Msg3, the UE determine that the UL grant is not for itself. 

Proposal 2: If UE determines that the UL grant addressed to its Temporary C-RNTI is not for itself, UE should discard the Temporary C-RNTI and consider the contention resolution not successful. 
If the proposals are agreed, a corresponding CR will be provided by the source company. 
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