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[bookmark: _Ref165266342]Introduction
In previous RAN2 meetings, some agreements related to RACH procedure had been achieved [1-2], which are given as follows,
	[bookmark: OLE_LINK5]Agreements:
· From RAN2 point of view it is beneficial to include LSB of SFN in the DCI. The same design is desirable to be used for 2-step RACH. Write LS to RAN1 to ask if there is any feasibility issues;
· Multiplexing of responses for more than one SFN is not allowed;
· For NR-U, 2 bits are enough for a maximum of 40ms response windows;
· sl60 and sl160 are added to configuration of ra-ResponseWindow.


In this contribution, we would like to provide some enhancements for the RACH procedure in terms of random access resource selection and RAR reception.
Discussion
RA resource selection after encountering UL LBT failure
Due to the uncertain of LBT outcomes, the UE might fail to access the channel for Msg1 transmission. As a result, the UE will perform the RA resource selection step again. However, there is still a probability of encountering UL LBT failure in the next attempt when the congestion is unbearable. 
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]A better and efficient approach is to allow the UE to switch to SUL carrier and then re-attempt Msg1 transmission if this cell is configured with SUL carrier. Specifically, when an NR-U cell is configured with both SUL carrier and normal unlicensed UL carrier, the network can configure a maximum number of Msg1 transmission attempts on normal unlicensed UL carrier. If the UE selects the normal unlicensed UL carrier but fails to access the channel after a certain number of Msg1 transmission attempts, the UE will select the SUL carrier to re-attempt Msg1 transmission, even when the RSRP of the DL pathloss reference is higher than rsrp-ThresholdSSB-SUL. The performance gain brought by this enhancement is obvious in general. Moreover, it can be applied for both CONNECTED UE and IDLE/INACTIVE UE. Thus, we propose
Proposal 1: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after failing Msg1 transmission ‘N’ times due to UL LBT failure.
Enhanced RAR reception within the extended RAR window.
In order to increase more transmission opportunities for RAR transmission, the maximum value of the RAR window in NR-U has been extended to 40ms. With this enhancement, on one hand, the gNB has sufficient time to attempt to access the channel for RAR transmission. On the other hand, the UE might have to keep monitoring the PDCCH for at most 40ms until the RAR window expires when the transmitted preamble is not successfully detected by the gNB or the transmitted RAR is not successfully decoded by the UE due to poor channel condition. Consequently, it leads to severe access latency and unnecessary UE power consumption, compared with the Rel-15 NR.
Observation: In NR-U, the UE might not be able to re-attempt Msg1 transmission for 40ms (i.e. until the RAR window expires) if the matched RAR has not been received.
Given that the principle of “first-in-first-out” (i.e. FIFO) is widely used, it seems there is a practical solution to reduce access latency and power consumption. Specifically, during the running period of the RAR window, if the UE detects a PDCCH addressed to its RA-RNTI and if the 2 bits SFN_id field included in the DCI is associated with the radio frame which in time domain follows after the radio frame of the selected PRACH occasion, the UE can assume that the transmitted preamble is not detected by gNB or the gNB has responded to it with a matched RAR while it cannot be successfully decoded. Besides, the UE can also assume that the gNB will not transmit a matched RAR to it anymore based on the principle of FIFO. Then the UE may determine to stop the RAR window and go back to RA resource selection. 
One detailed example of this procedure is illustrated in the following Figure 1: assuming that he RA-RNTI calculated by all 8 UEs is identical, UE4 determines a PRACH occasion which starts at the radio frame #3 and starts the RAR window at the moment of T4. Based on the principle of FIFO, once the gNB has accessed channel, it should first respond RAR to UE1 and then respond RAR to UE2, and so on. Take UE4 as an example, during the period of [T4, T4+40], if UE4 detects the PDCCH addressed to RA-RNTI and the SFN_id = 0, UE4 will know that a response to UE5 has been transmitted. Then, UE4 can assume that the gNB will not transmit a matched RAR to it anymore. And then UE4 may stop the RAR window and immediately go back to RA resource selection step so that access latency and the power consumption can be reduced. Thus, we have the following propose 
Proposal 2: The UE may stop the RAR window if it finds out the SFN_id field included in the DCI is associated with the radio frame which follows after the radio frame of the selected PRACH occasion. 


Figure 1. RAR reception in NR-U
Conclusions
[bookmark: _Toc502437832]In this contribution, we have discussed two enhancements for the RACH procedure in terms of random access resource selection and RAR reception. And we have the following observation and proposals:
[bookmark: _GoBack]Observation: In NR-U, the UE might not be able to re-attempt Msg1 transmission for 40ms (i.e. until the RAR window expires) if the matched RAR has not been received.
Proposal 1: The UE is allowed to select the SUL carrier, if configured, to re-attempt Msg1 transmission after failing Msg1 transmission ‘N’ times due to UL LBT failure.
Proposal 2: The UE may stop the RAR window if it finds out the SFN_id field included in the DCI is associated with the radio frame which follows after the radio frame of the selected PRACH occasion. 
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