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In order to efficiently utilize the large amounts of unlicensed spectrum available worldwide, both licensed operation and unlicensed operation are considered for NR. At RAN-77, a study item on NR-based Access to Unlicensed Spectrum was approved [1]. One of the objectives is: 
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure

Random access (RA) procedure is used for, e.g., initial system access, acquiring uplink synchronization, transition from idle to active mode, and handovers. It is a critical part of an efficient cellular network design. 
At RAN2#102 the following agreements were made:
Agreements
1:	Both CBRA and CFRA are supported. Changes for NR-U operation will be studied
2:	4-step and 2 step CBRA procedure will be studied in conjunction with RAN1 progress
3: 	We will review the agreements made during Rel-14 eLAA WI regarding the random access procedure to determine if they can be the solution for CFRA access for NR-U

In this paper we discuss the implications on random access procedures for NR-U stand-alone and NR-U non-stand-alone.
[bookmark: _Ref178064866]Discussion
For NR unlicensed operation, using the current four-step contention based NR random access (RA) procedure would imply that up to four independent listen-before-talk (LBT) procedures are needed during the RA procedure, two by the UE and two by the gNB. Four LBT would significantly increase the delay in accessing the network, reducing the competiveness of NR systems in unlicensed spectrum. 
A simple scenario: 
Assuming there are N opportunities to transmit a message (for example message 1, 2, 3, or 4 of RA procedure) before giving up. Thus, if there are N failed attempts (due to for example LBT or high interference), then the transmission of a message has failed. 
If each attempt to access the channel independently succeeds with probability Pt (where Pt is related to the channel occupancy; if channel is occupied say 40% of the time by other users then Pt will be lower than 60%), then the probability of successful transmission of one message, Ps, is: 
Ps = P[success in 1st attempt] + P[success in 2nd attempt] + … + P[success in Nth attempt] = 
Pt + Pt*(1-Pt) + Pt*(1-Pt)^2 + … + Pt*(1-Pt)^(N-1)
Now we can calculate the RACH procedure failure probability of two and four step RACH as 1‑Ps^2 and 1‑Ps^4 respectively. In Figure 1, we plotted the 2-step and 4-step RA failure rates as a function of Pt for some values of N. 
For example, if we have N=4 and the channel occupancy by other users is 40% (then Pt <= 0.6), we get Ps <= 0.974 and then the 2-step failure probability is above 0.050, and the 4-step failure probability is above 0.099. 
If we can accept a RACH procedure failure rate of 10% we see that the load on the channel have to be low (Pt > 0.5) or we have to allow many attempts to access the channel (N>4). A large N means a longer maximum delay and at some point, that delay becomes unacceptable. 
For high channel load, the assumption that each attempt is independent is optimistic – more retransmissions means the same users might interfere with each transmission, thus for low Pt the RA failure rate is likely higher than in the figure. 
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[bookmark: _Ref517369668]Figure 1 Random access failure probability vs. transmission success probability
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Dropping or delaying of transmissions due to LBT will affect protocols in NR, for example, power ramping and counter for number of transmission on the random access channel (RACH). Thus, LBT needs to be considered for NR-U random access. 
In carrier aggregation and dual connectivity, if the RA procedure is carried out in an unlicensed cell, we might have another cell on a licensed carrier in which case the random access response (RAR) can be transmitted on the licensed carrier for higher reliability and avoiding LBT. Otherwise, if all cells are on unlicensed carriers, RAR might be delayed or dropped due to LBT. 
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In RAN1, it has been discussed to have a two step contention based RA procedure to avoids delay and increase reliability both in NR [2] and in NR-U [3]. Random access in two steps can be: 
· Step 1: UE sends random access preamble together with higher layer data, such as MAC BSR and RRC connection request, on the UL after performing LBT; 
· Step 2: The gNB sends random access response, including UE identifier assignment, timing advance information, and contention resolution; on DL after performing LBT. 
The two-step random access procedure for initial access requires up to two LBT procedures compared to four LBT steps for the current NR initial access. The UE transmits once on the UL and the gNB transmits once on the DL to complete the proposed RA procedure. Such a two-step procedure might also be used for operation in small cells in licensed spectrum where UE transmission of data without timing advance from the network is possible. 
One drawback of two-step RA is that step 1 transmission might collide with other UEs and that the length in time need to be small to fit in a slot for large cells (as length of transmission time needs to account for propagation delays when the UE does not have a timing advance). 
The timing advance might not be needed if NR-U (or licensed NR) is used for small cells only (when the propagation delay is in the order of the CP or less, the message length in time can be longer than in a large cell). 
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In the LTE Rel-14 eLAA WI, RAN2 concluded on how to support random access for unlicensed cells, but due to limited time in RAN1 PRACH was not added and hence RAN2 specifications also do not support random access on LAA cells. At RAN2#95 the paper [4] was discussed and the following agreement was made: 
=>	Random access related agreements taken within this WI can be used as a baseline for any future WI that adds random access for LAA SCells
The random access related agreements were:
	RAN2#93bis Agreement:
· RACH related: Contention based RA is not supported. Only contention free random access is supported on LAA cells if the NW decides to use RA.
· The UE does not increase the preamble transmission power when a preamble is not transmitted due to LBT.
· For dedicated preambles there will be a limit for how long the UE can use that preamble (how this is achieved in spec is FFS)
· Only PDCCH order triggered RACH is allowed for LAA SCell;
· For LAA SCell(s), RAR can be transmitted via PCell. FFS whether RAR can be transmitted via SCells
· UL grant in RAR should be respected even if there is no data for transmission in the UL buffers.

RAN2#94 Agreements:
· RAN2 confirms that we will specify that the dedicated RAP is used for a limited time duration only for LAA SCell (CR details are still FFS).
· Introduce a new random access preamble transmission attempt counter PREAMBLE_ATTEMPT_COUNTER which is incremented regardless of whether a transmission occurs
· For calculation of RA-RNTI, the existing formula can be reused, i.e., t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10) and f_id is the index of the specified PRACH interlace/PRB within that subframe 0≤ f_id< 6.
· The RA preamble (re)transmission should always be in the same LAA SCell.
· Transmission of RAR always happens in PCell.
· Use a predefined HARQ process ID for RAR for eLAA. (same mechanism can be re-used for Rel-13 eMTC.)
FFS	Whether a predefined value for NDI is required



In the eLAA WI the scenario was carrier aggregation with licensed PCell and unlicensed SCells. As noted above, our scenarios include stand-alone NR-U, and also NR-U as PCell and SCell in carrier aggregation and dual connectivity, and then we will need contention based random access. Therefore, we propose to use the modified agreements made in the eLAA work.
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One of the aspects from eLAA agreements were already introduced in LTE LAA Rel.15, an ACK signal from PHY was added to inform MAC if LBT was successful for a transmission. This signal can be used to refrain from ramping up power in RA procedure if an LBT fails, and the same signal can be applied in NR-U. 
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[bookmark: _Toc510602226]
Conclusion
In section 2 we made the following observations:
Observation 1	LBT increases delay and decrease performance of random access.

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 to investigate the effects of LBT on the random access procedure.
Proposal 2	RAN2 to investigate two-step contention based and contention free random access procedures for NR-U.
Proposal 3	RAN2 to investigate four-step contention based random access procedures for NR-U.
Proposal 4	RAN2 to use the agreements made in eLAA WI, but modified for NR unlicensed and for stand-alone, as a baseline for random access in NR-U both for contention free and contention based random access.
Proposal 5	The random access message one transmission power shall not be increased if message one is dropped due to LBT.
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