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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 no RAR is received or 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.
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One situation when the Random Access procedure can be enhanced compared to LTE is when the UE does not receive a RAR (msg 2) or if it receives a RAR that does not contain the sent preamble identity after the preamble transmission. In legacy LTE the UE will do power ramping and retransmit the preamble. This may lead to so-called RACH storms where the UEs in the system transmit a huge number of preambles causing interference and RACH collisions. 
[bookmark: _Toc479752995][bookmark: _Toc479757706][bookmark: _Toc480881929][bookmark: _Toc481141919][bookmark: _Toc481477087][bookmark: _Toc481682016]When a RACH storm happens it will cause unnecessary load on the PRACH and result in unnecessary interference.
The reason the UE does the random access and the reason it does not receive the RAR may be different and call for different solutions. That is, a common back-off mechanism will not be sufficient. Below we discuss two examples when RAR is not detected by the UE and possible solutions.
One example is when the RAR is not sent since the preamble was not detected by gNB. Failure to detect the preamble may happen for various reasons such as collisions between different preambles, high interference or that the UL is blocked. It may also be so that a RAR is sent that does not contain the sent preamble identity since the gNB is temporarily unable to handle the request. Both situations will cause power ramping and PRACH retransmission. The problem could be alleviated if the UE's retransmissions could be configured in a more detailed way. It would be advantageous if the re-transmissions could be done with varying frequency depending on UE type or priority of data, i.e. the reason for the RA. This could be achieved by considering configurable back-off periods, where UEs with low priority data do a longer back-off than UEs with high priority data.
Another closely related aspect is when the UE detects a RAR requiring back-off after the preamble transmission. That is, there has been a preamble collision between two or more UEs. 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 or time critical data or if the UE has already performed several unsuccessful preamble transmissions. We believe that for example a UE which experiences preamble collision on its third attempt should get a shorter back-off than a UE on its first attempt. Also 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 in LTE such as Access Class Barring should also be considered.
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Another reason the RAR is not detected can be due to bad DL synchronization in the UE. This may be caused for example by low SNR for SS block or SS transmissions using SFN transmissions with long CP while RAR is transmitted with short CP. In this case of bad DL synchronization, the preambles are detected by the gNB which sends the RAR, but the RAR is not detected by the UE. Also this case will cause power ramping and retransmission. In this case the UE should obtain DL synchronization. Since the lack of DL synchronization is not known by the UE, use of a DL synchronization procedure when the UE does not receive the RAR should be added to the RA procedure. For example, after n preamble retransmissions without receiving a RAR, the UE obtains new DL synchronization before commencing with further preamble transmissions.
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Another enhancement compared to the LTE random access procedure would be to increase the probability to detect preambles sent by UEs with high priority data. In case several preambles collide, some or all the preambles will not be detectable by the gNB. In LTE, even if these preambles have been sent by UEs with different latency requirements or priorities they all have the same probability to be detected since all UEs select preambles from the same preamble pool and use the same preamble transmission power configuration parameters. 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 and a higher PREAMBLE_RECEIVED_TARGET_POWER means higher transmit power of PRACH.
One way to increase the detection probability of preambles for UEs with delay sensitive or high priority services would be to increase the transmit power for PRACH for these services. For example, powerRampingStep could be increased for these services. This results in that these UEs reach a high enough power quicker. 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 connected.
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A similar problem exists for message 3 transmission in case more than one UE have transmitted the same preamble on the same PRACH radio resource. The RAR will in this case give one grant that is used by the more than one UEs and the gNB may not be able to decode message 3 from any of the UEs due to the collision. A similar approach would be possible where the message 3 is transmitted with a higher power by a UE with delay sensitive and/or high priority service, to increase the probability for correct detection of message 3 from the UE with the delay sensitive and/or high-priority data. This does not imply assume that the UE continues with this higher transmission power once the random access procedure is completed.
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Colliding preambles
Another issue that may occur is that two UE select the same preamble and PRACH resource. When the gNB responds with the RAR, both UEs will transmit a msg3 which will then collide. In this case, the gNB will only detect one of the msg3 and the other UE(s) will then have to retry the random access by retransmitting the preamble. Preamble collisions could be more common if small preamble groups are used to signal e.g. msg3 size with high granularity. A possible solution for this (as also suggested in [1]) is for the gNB to send several grants targeting each detected preamble. The UE can then transmit msg3 on randomly chosen grant. This will reduce the collision probability of msg3 and can be feasible in situations when the PUSCH resources are not exhausted. Another scenario where this may be useful is when the UE has small data to transmit, or if a long UE identifier is used which does not fit within a normal grant.
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High load
In some cases it is not the PRACH resources or the detection of preambles that is the bottleneck of the random access procedure. The gNB may identify several preambles but not have the means to handle all directly. This may be caused either by high PUSCH load or by high processing load in the gNB. In this case it would be advantageous if the gNB would be able to extend the RAR window for some preambles to make it possible to send a RAR to this preamble at a later stage without the UE transmitting a preamble. Configuring a long RAR window would not be efficient since it would increase the latency for UEs who transmit preambles that are not detected since they cannot power ramp and resend the preamble before the RAR has expired.
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Conclusion
In section 2 we made the following observations:
Observation 1	When a RACH storm happens it will cause unnecessary load on the PRACH and result in unnecessary interference.

Based on the discussion in section 2 we propose the following:
Proposal 1	When performing random access back-off as a result from receiving a RAR with back-off, a UE with high-priority data shall apply a shorter back-off than a UE with low-priority data.
Proposal 2	When performing random access back-off as a result from receiving a RAR with back-off, a UE which has transmitted several unsuccessful preambles shall apply a shorter back-off than a UE which has transmitted fewer preambles.
Proposal 3	If the UE has retransmitted a preamble n times (including power ramping) without receiving the RAR, it shall regain downlink synchronization. The network may configure the value n.
Proposal 4	A UE with high-priority data shall apply a higher powerRampingStep than a UE with low-priority data.
Proposal 5	A UE with high-priority data shall apply a higher transmission power for message 3 than a UE with low-priority data.
Proposal 6	The gNB may issue several grants to the same preamble id in the same RAR message.
Proposal 7	The gNB may prolong the RAR window for some preamble ids in the RAR message.
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