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Introduction
Various deployment scenarios and RAN2 related issues for NR unlicensed operation were discussed in RAN2 #102 and following agreements were reached for the same [1]:
Agreements
1:	The scope of RAN2 study include the same deployment scenarios agreed for RAN1 evaluation, namely NR-U LAA, NR-U SA, ENU-DC, NNU-DC as well as an NR cell with DL in unlicensed band and UL in licensed band.
2	NR-U will use NR licensed design as baseline for the study of CA (for NR-U LAA case), SA, and DC (both EN-DC and NR-DC). This means we need to understand what changes are needed compared to the baseline to make unlicensed operation work.
3:	Support of asynchronous networks for will be addressed in the study (excluding the NR-U LAA case). 
4:	Changes needed to configured grants should be studied.
5:	Multiple beam operation and related procedures should be studied.
6:	RAN2 will also consider all the bands included in RAN1 study.

Further, following agreements were made for random access procedure for an NR-U serving cell [1]
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

Additionally, some of the agreements reached in RAN1#93 meeting related to NR unlicensed operation are provided below which may impacts MAC operations [2]:
· Single and multiple DL to UL and UL to DL switching within a shared gNB COT is identified to be beneficial and can be supported
· LBT requirements to support single or multiple switching points, include
· For gap of less than 16us: no-LBT can be used 
· Restrictions/conditions on when no-LBT option can be used will be further identified, in consideration of fair coexistence. 
· For gap of above 16us but does not exceed 25us: one-shot LBT can be used 
· Restrictions/conditions on when one-shot LBT option can be used will be further identified, in consideration of fair coexistence. 
· For single switching point, for the gap from DL transmission to UL transmission exceeds 25us: one-shot LBT is used 
· Further study needed on how many one-shot LBT attempts is allowed for granted UL transmission 
· FFS: For multiple switching points, for the gap from DL transmission to UL transmission exceeds 25us, one-shot LBT is used. Regulations for this option.
· Study FBE (as in the ETSI BRAN specifications) based frame structure
· Identify the changes needed to support FBE operation of NR-U
· Restrictions/conditions on when FBE option can be used will be further identified, in consideration of fair coexistence. 
· Strive to minimize the change from current NR design
· Benefits of using a signal that facilitates its detection with low complexity can be investigated including all/part of the following scenarios/use cases: 
· UE power saving
· Improved coexistence
· Spatial reuse at least within the same operator network 
· Serving cell transmission burst acquisition
· FFS: further usage scenarios

It is envisioned that many of the connected mode MAC procedures would be impacted due to channel access procedures of NR unlicensed, which are expected to result in longer delays and unreliability of user/control data. 
In this paper we study the issues which need to be addressed for random access procedure arising due to channel access procedures specific to unlicensed carrier.
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RAR Monitoring
In NR, UE starts ra-ResponseWindow at the first PDCCH occasion as specified in TS 38.213 [6] from the end of the Random Access Preamble transmission. UE shall monitor PDCCH for response to beam failure recovery request identified by the C-RNTI or for Random Access Response(s) identified by the RA-RNTI. 
In NR-U, after indication from MAC Layer to lower layer for transmission of PRACH in accordance to the given RACH configuration, physical layer will try to acquire the unlicensed channel for PRACH transmission via Listen-Before-Talk procedure. Failure in acquiring the channel can lead to failure in transmitting PRACH, and hence triggering RAR monitoring should be subject to successful transmission indication of PRACH from physical layer. 
RAR monitoring is triggered after successful PRACH transmission indication by physical layer.
After successful transmission of PRACH, UE monitors the PDCCH for the duration of ra-ResponseWindow to look for response from the gNB. If no response is received from gNB then UE assumes that RACH preamble was not decoded at gNB due to less power/collision and again attempts PRACH transmission with increased power. However in NR-U, any other device can acquire the unlicensed channel for large durations (~10ms) using LBT procedure. Currently in NR, the max possible length configurable for ra-ResponseWindow is 10ms. Hence even if gNB is able to successfully decode the RACH preamble transmitted by the UE, it may not be able to respond during the time a transmission burst is ongoing for any other device which has acquired the channel. Hence RAR monitoring duration is expected to be larger than 10ms for unlicensed operation.
Larger lengths (> 10ms) of RAR monitoring time is expected for NR-U operation.
Furthermore, unlike licensed carrier, in NR-U gNB doesn’t have the channel available for transmission always and also is not able to always acquire the channel whenever it has any signal/data to be transmitted. Congestion in the unlicensed channel and need for successful LBT procedure before any transmission leads to sporadic channel availability to gNB. Hence, gNB will only acquire channel sporadically and it possible that gNB may not be able to reserve the channel for entire time duration when UE is performing RAR monitoring.
Time period of monitoring PDCCH by a UE (e.g. for RAR or Msg4) may consist of
a. Time duration(s) where gNB is trying to acquire unlicensed channel 
b. Zero, one or more downlink transmission bursts by the gNB
UE’s PDCCH monitoring procedure can be different for the case when there an ongoing transmission burst by the gNB, as compared to the case when gNB is trying to acquire unlicensed channel. Hence there is a need to study impacts of channel access procedure at gNB and PDCCH monitoring for RAR.
RAN2 to study UE procedure for RAR monitoring due to sporadic transmission bursts by gNB.
Contention Resolution Procedure
In NR UE starts/restarts ra-ContentionResolutionTimer on Msg3 transmission/HARQ retransmission. In NR-U, after indication to physical layer for Msg3 transmission/HARQ retransmission, physical layer will try to acquire the channel for unlicensed channel for transmission via Listen-Before-Talk procedure. Failure in acquiring the channel can lead to failure in transmitting Msg3, and hence Msg4 monitoring by UE should be subject to successful transmission indication of Msg3 from physical layer.
Msg4 monitoring is triggered after successful Msg3 transmission indication by physical layer.
In NR, UE starts ra-ContentionResolutionTimer after transmitting Msg3 and monitors PDCCH for DCI addressed to TC-RNTI/C-RNTI for the duration of ra-ContentionResolutionTimer. However due to need for LBT procedure, gNB will only acquire channel sporadically and hence there gNB might not have transmission opportunities for significant time in the ra-ContentionResolutionTimer duration, however UE will continuously monitor PDCCH for the complete duration of ra-ContentionResolutionTimer. This phenomenon is similar to the case as described for RAR monitoring by the UE, hence we believe that similar proposal is also applicable for Msg-4 monitoring.
RAN2 to study UE procedure for Msg4 monitoring due to sporadic transmission bursts by gNB.
RAR/Msg4 Failure due to channel congestion
In NR, if no downlink assignment for RAR is received within ra-ResponseWindow, then UE assumes that RACH preamble transmission was not decoded at the gNB and performs PRACH transmission again with increased power. However for NR-U it is possible that RACH preamble was successfully decoded at gNB but gNB was unable to acquire channel for transmitting RAR. This scenario will cause RACH procedure to fail due to ra-ResponseWindow expiry. Furthermore, in a congested environment, this scenario is likely to be frequent. Same argument is valid for Msg4 reception in contention-based RACH, ra-ContentionResolutionTimer can expire, leading to RACH failure, even if Msg3 was successfully decoded, as gNB couldn’t acquire channel for Msg4 transmission due to congestion. 
It could be possible that UE procedure on RAR failure due to congestion could be different than the UE behaviour for RAR timer expiry. For e.g., one point of discussion is whether UE should increase power ramping counter on account of RACH failure, when UE is not being able to acquire unlicensed channel. Hence we need to study impacts of RAR/Msg4 failures due to channel congestion.
RAN2 to discuss RAR and Contention Resolution failure procedure due to channel congestion or LBT failure.
Conclusion
Following observations and proposals are made in this contribution:
Observation 1	Larger lengths (> 10ms) of RAR monitoring time is expected for NR-U operation.
Observation 2	Time period of monitoring PDCCH by a UE (e.g. for RAR or Msg4) may consist of
a. Time duration(s) where gNB is trying to acquire unlicensed channel 
b. Zero, one or more downlink transmission bursts by the gNB
Proposal 1		RAR monitoring is triggered after successful PRACH transmission indication by physical layer.
Proposal 2	RAN2 to study UE procedure for RAR monitoring due to sporadic transmission bursts by gNB.
Proposal 3	Msg4 monitoring is triggered after successful Msg3 transmission indication by physical layer.
Proposal 4	RAN2 to study UE procedure for Msg4 monitoring due to sporadic transmission bursts by gNB.
Proposal 5	RAN2 to discuss RAR and Contention Resolution failure procedure due to channel congestion or LBT failure.
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