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Introduction
This contribution addresses some possible enhancements to the Random Access procedure in NR. It discusses aspects such as back-off when a RAR with back-off indication is received after the preamble transmission. It further discusses methods to enhance the preamble and Message 3 reception when the random access is done for high priority data.
In RAN2#98, the following agreements where made
Agreements 
1. A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.
  
As in LTE:
2. After transmitting the RACH preamble, UE monitors for RAR in RAR window
3. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
4. The size of RAR window is configurable 
5. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble
6. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.
7. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 
8. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.
9. When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.
10. when performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.


[bookmark: _Ref178064866]Discussion
[bookmark: _Hlk484596365]Considering the various QoS requirements of the services to be served in NR, some smaller enhancements without clearly breaking the common procedure should considered. Enhancement with low complexity should be considered to reduce the latency of delay sensitive service such as URLLC. For example, uplink transmit power boost could be considered during RA procedure for UE with high priority service to enhance the random access succes probability. Another example is to apply shorter back-off parameters to determine the time to initiate the next PRACH transmission when a RAR with back-off is received for UEs with high priority or low latency service. These and other possible enhancements are also discussed in [1], [2] and [3]. Both of these examples could be implemented with a small effort. The high priority data discussed in this contribution should be understood as data in the buffer of a high priority LCH. Other cases could be considered, such as SRBs for RRC signalling during handover but we leave these situations for FFS. We make the following proposal.
[bookmark: _Toc484154272][bookmark: _Toc484614713][bookmark: _Toc484694761][bookmark: _Toc484696069][bookmark: _Toc484696286][bookmark: _Toc484697008][bookmark: _Toc485037606][bookmark: _Toc485038407][bookmark: _Toc485200918][bookmark: _Toc484086049][bookmark: _Toc484154273][bookmark: _Toc484614714][bookmark: _Toc484694762][bookmark: _Toc484696070][bookmark: _Toc484696287][bookmark: _Toc484697009][bookmark: _Toc484699351][bookmark: _Toc485036927][bookmark: _Toc485037607][bookmark: _Toc485038408][bookmark: _Toc485200919][bookmark: _Toc485310405][bookmark: _Toc485401505]Without clearly breaking the commonality of RA procedure, some low complexity RA enhancements (e.g. power control, back-off) for high priority scenarios, should not be precluded.
[bookmark: _Ref189046994]Random Access enhancements for in-active or connected UEs 
At RAN2#98 improvements and enhancements to random access were discussed with the focus on random access in RRC_IDLE. In this text we focus on enhancements for UEs in RRC_CONNECTED or RRC_INACTIVE. 
A situation that could be improved compared to LTE would be for in-active or connected UEs which have an RRC connection that detects a RAR requiring back-off after the preamble transmission. That is, there have been more than one preamble transmission on a PRACH resource and the gNB is unable to process all requests. This will typically happen in case of high load when the gNB needs to reduce the load from RA. In LTE the back-off orders all UEs transmitting a preamble on the PRACH resource to back-off a random time before retransmitting a preamble. This mechanism is rather crude and cannot distinguish between UEs with high priority data and UEs with e.g. MBB data. We believe that a UE with high priority data should have a shorter back-off than a UE with low priority data. Allowing a more detailed back-off scheme would increase the possibilities for efficient resource management, but mechanisms such as Access Class Barring should also be considered.
[bookmark: _Toc478042152][bookmark: _Toc478042153][bookmark: _Toc478042154][bookmark: _Toc478129753][bookmark: _Toc478151625][bookmark: _Toc480793392][bookmark: _Toc480881937][bookmark: _Toc480896474][bookmark: _Toc480898298][bookmark: _Toc481141923][bookmark: _Toc481477080][bookmark: _Toc481505041][bookmark: _Toc481682036][bookmark: _Toc481867041][bookmark: _Toc484086050][bookmark: _Toc484154274][bookmark: _Toc484614715][bookmark: _Toc484694764][bookmark: _Toc484696072][bookmark: _Toc484696289][bookmark: _Toc484697011][bookmark: _Toc484699353][bookmark: _Toc485036929][bookmark: _Toc485037608][bookmark: _Toc485038409][bookmark: _Toc485200920][bookmark: _Toc485310406][bookmark: _Toc477952510][bookmark: _Toc478042155][bookmark: _Toc485401506]When performing random access back-off as a result from receiving a RAR with back-off, a UE in RRC_CONNECTED or RRC_INACTIVE with data on an LCH with high priority shall apply a shorter back-off than a UE with data on an LCH with low priority.
Another low complexity enhancement in-active or connected UEs which have an RRC connection compared to the LTE random access procedure would be to increase the probability to detect preambles sent by UEs with high priority data. In LTE, PRACH transmission power is selected based on
-	set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
The PREAMBLE_RECEIVED_TARGET_POWER is used to calculate the transmit power of PRACH by adding the UEs path loss to the serving cell to this parameter. A higher PREAMBLE_RECEIVED_TARGET_POWER means higher transmit power of PRACH. Since the UEs path loss estimate may be inaccurate due to measurement errors, changing fading etc., it may happen that the UE needs to re-try with a higher transmission power using the power ramping procedure.
[bookmark: _Hlk485037823]A simple way to increase the detection probability of preambles for UEs with high priority services would be to increase the transmit power for PRACH for these UEs. For example, either the preambleInitialReceivedTargetPower/ DELTA_PREAMBLE or the powerRampingStep could be increased. In case preambleInitialReceivedTargetPower/ DELTA_PREAMBLE is increased, all PRACH transmissions for high priority UEs would be done with higher power compared to other PRACH transmissions. A drawback could be that it may lead to increased interference since all high priority PRACH transmissions would be done with high power. An alternative is to boost the power only for high priority UEs who fail their initial PRACH transmission by increasing the powerRampingStep. This allows these high priority UEs to reach a sufficient power faster. As these UEs may over-shoot the UL power to use it is important that the gNB sets the correct power once the UE has completed the RA procedure.
[bookmark: _Toc478151628][bookmark: _Toc480793395][bookmark: _Toc480881940][bookmark: _Toc480896477][bookmark: _Toc480898301][bookmark: _Toc481141926][bookmark: _Toc481477083][bookmark: _Toc481505044][bookmark: _Toc481682039][bookmark: _Toc481867044][bookmark: _Toc484086053][bookmark: _Toc484154275][bookmark: _Toc477435351][bookmark: _Toc477436768][bookmark: _Toc477952512][bookmark: _Toc478042157][bookmark: _Toc478129757][bookmark: _Toc484614716][bookmark: _Toc484694765][bookmark: _Toc484696073][bookmark: _Toc484696290][bookmark: _Toc484697012][bookmark: _Toc484699354][bookmark: _Toc485036932][bookmark: _Toc485037609][bookmark: _Toc485038410][bookmark: _Toc485200921][bookmark: _Toc485310407][bookmark: _Hlk485037995][bookmark: _Toc485401507]A UE in RRC_CONNECTED or RRC_INACTIVE with data on an LCH with high priority shall apply a higher powerRampingStep than a UE with data on an LCH with low priority. 
[bookmark: _Toc484699355][bookmark: _Toc484699356][bookmark: _Toc484699357][bookmark: _Toc484699358][bookmark: _Toc484699359]Conclusion
[bookmark: _Hlk484697027]Based on the discussion in section 2 we propose the following:
Proposal 1	Without clearly breaking the commonality of RA procedure, some low complexity RA enhancements (e.g. power control, back-off) for high priority scenarios, should not be precluded.
Proposal 2	When performing random access back-off as a result from receiving a RAR with back-off, a UE in RRC_CONNECTED or RRC_INACTIVE with data on an LCH with high priority shall apply a shorter back-off than a UE with data on an LCH with low priority.
Proposal 3	A UE in RRC_CONNECTED or RRC_INACTIVE with data on an LCH with high priority shall apply a higher powerRampingStep than a UE with data on an LCH with low priority.
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