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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
We are discussing modifications of the RACH procedure and timers motivated by the opportunistic channel access characteristic of an unlicensed carrier. These address mainly bands in FR1, where we generally assume that the same LBT approach is adopted as in LTE LAA.
2 Discussion
The following agreements w.r.t RACH procedure have been reached in RAN2#105bis:
	The PREAMBLE_TRANSMISSION_COUNTER is not increased if the preamble is not transmitted due to LBT failure
SR_COUNTER is increased only when SR is successfully transmitted
As earlier agreed, The POWER_RAMPING_COUNTER is not increased if the preamble is not transmitted due to LBT failure. For this purpose LBT failure indication or equiv. (used for other LBT outcome dependencies in MAC) from PHY is used. 
MAC returns to the resource selection step if LBT fails for Msg1 transmission opportunity(ies)
From MAC perspective, multiple msg1 transmissions are not supported (does not preclude beam sweeping enhancement if decided for NR)
Actual transmission for MSG1 (LBT success) is used for starting RAR window
R2 assumes the maximum RAR window size is extended to [20] ms
We ask R1 regarding the support of multiple MSG3 transmission opportunities
R2 assumes the range of ra-ContentionResolutionTimer is not extended for NR-U (note this contradicts earlier assumption)
Either a) the ra-ContentionResolutionTimer is started regardless of the LBT outcome of msg3 transmission or b) ra-ContentionResolutionTimer is started only at successful LBT outcome of msg3 transmission + immediately the UE to restart from RACH resource selection if all MSG3 transmissions fail. FFS
As agreed in the SI phase, the sr-ProhibitTimer shall not prohibit SR transmissions due to SR that was not transmitted due to LBT failure.





The following sections show our views on various aspects of the Random Access procedure on an unlicensed carrier.
Msg 1
Even though a preamble transmission may use channel access type 2, this still implies channel sensing by energy detection to ensure that the channel is vacant. For a preamble transmission triggered by a RACH order, it can therefore be beneficial if the UE has several slots available to transmit the assigned preamble, so that CCA may succeed in at least one of those time slots. It should be noted that even though the PDCCH order may assign multiple transmission opportunities, UE will transmit only one PRACH preamble (not considering the case of beam sweeping). The number of potential slots can be included in the PDCCH order, where according to the latest 38.213 some bits are still available. RAN2 could further study how many slots can be authorised by a single PDCCH order. 
Proposal 1: Support assigning multiple transmission opportunities by a single PDCCH order.

Msg 3
We propose to immediately restart with a new preamble transmission (Msg 1), from the same preamble group as the previous preamble transmission, in case the physical layer is not able to transmit Msg 3 in the assigned time slot(s). Since the gNB does not know whether the Msg3 was not transmitted due to LBT failure or due to a missed RAR, it may not always schedule resources for Msg3 retransmission. Immediately restarting with the preamble selection/transmission step without waiting for the 
ra-ContentionResolutionTimer to expire reduces the latency of the RACH procedure, which is one of the goals of the Work Item. In particular for cases when there are multiple transmission opportunities for Msg3 transmission granted to the UE and LBT fails for all of them, restarting immediately with the preamble selection/transmission will greatly reduce the latency. Such behaviour could be for example implemented when considering the ra-ContentionResolutionTimer as expired for cases when the physical layer is not able to transmit Msg 3 in the assigned time slot(s) due to LBT failure.   
Proposal 2: UE restarts immediately with a preamble selection/transmission from the same preamble group as for the previous preamble transmission if CCA for Msg 3 fails in the assigned time slot(s).
For the ra-ContentionResolutionTimer, there is a similar issue as for the ra-ResponseWindow. The current specification text reads as follows:
	TS 38.321 v15.2.0
5.1.5	Contention Resolution
Contention Resolution is based on either C-RNTI on PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.
Once Msg3 is transmitted, the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission;
1>	monitor the PDCCH while the ra-ContentionResolutionTimer is running regardless of the possible occurrence of a measurement gap;
1>	if notification of a reception of a PDCCH transmission is received from lower layers:
[…]




We should be aware that from the MAC perspective, “once Msg 3 is transmitted” means that MAC has given the corresponding packet down for further processing, however it does not cover the case that a physical transmission may have failed due to an unsuccessful CCA on an unlicensed carrier. To us, it is much more preferable to start the timer only if Msg 3 could be physically transmitted, therefore we suggest the following change:
Proposal 3: Modify the condition to start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer as follows:
Once the physical layer indicates that Msg3 is transmitted, the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission if the physical layer indicates that Msg 3 is (re-)transmitted;

Additionally, it could happen that there is no data available for transmission in the uplink resource scheduled by the RAR grant, i.e. very likely for cases when RACH is ordered by gNB for DL data arrival. In that case, MAC would generate a TB containing only a padding MAC subPDU, and potentially a padding BSR. While this could be seen as undesirable in any scenario, especially on an unlicensed carrier such a transmission should be avoided to not unnecessarily occupy/block the carrier to ensure fair coexistence. Therefore we suggest extending UL skipping to include the transmission granted by the RAR grant.
Proposal 4: Extend UL skipping to include the transmission granted by the RAR grant (such as Msg 3).

3 Conclusions
We have the following proposal for study and capturing in the TR:
Proposal 1: Support assigning multiple transmission opportunities by a single PDCCH order.
Proposal 2: UE restarts immediately with a preamble selection/transmission from the same preamble group as for the previous preamble transmission if CCA for Msg 3 fails in the assigned time slot(s).
Proposal 3: Modify the condition to start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer as follows:
Once the physical layer indicates that Msg3 is transmitted, the MAC entity shall:
1>	start the ra-ContentionResolutionTimer and restart the ra-ContentionResolutionTimer at each HARQ retransmission in the first symbol after the end of the Msg3 transmission if the physical layer indicates that Msg 3 is (re-)transmitted;
Proposal 4: Extend UL skipping to include the transmission granted by the RAR grant (such as Msg 3).

