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1      Introduction 

In order to address the diverse set of use cases in NR, a number of enhancements to the legacy LTE random access procedure have been proposed. One such idea revolves around modification of RACH configuration parameters to differentiate between different services which initiate random access, with the aim to enhance the overall procedure. In this contribution, we discuss some of the potential enhancements and their applicability to specific random access triggers. 
2      Discussion

RACH parameter configuration
In LTE, before the random access procedure is initiated, the UE needs to acquire information about specific RACH parameters for the relevant serving cell. Some of these include, in addition to relevant parameters for configuring preamble groups A and B [1]:

· The power-ramping factor powerRampingStep
· The maximum number of preamble transmissions preambleTransMax
· The initial preamble power preambleInitialReceivedTargetPower 
· The Contention Resolution Timer mac-ContentionResolutionTimer
These parameters are signaled to the UE via System Information. In addition, the eNB may send a Backoff Indicator in the RAR, which informs the UEs to backoff for a certain period of time before the subsequent random access transmission.
In previous meetings, there has been some discussion on configuring some of these parameters based on UE type or priority of data [2]. While the ideas are useful in principle, we need to first consider the impact any such potential enhancements might have on overall random access performance. For example, if we consider differentiating the initial transmit power or the power ramping step used for transmission of RACH preambles based on, e.g. UE data priority, this will potentially increase interference for other UEs at the gNB and drown out their transmissions. Hence, before making any such enhancements, we should carefully look at how they might impact the overall random access performance across the cell. In some cases, it may not be possible to make any such enhancements without sacrificing overall random access performance, e.g. in terms of random access delay for UEs with lower priority UL data to transmit. In this scenario, if these UEs are configured with a smaller initial preamble power preambleInitialReceivedTargetPower and/or a smaller maximum number of preamble transmissions preambleTransMax (as compared to legacy LTE case), the probability of their corresponding preambles to be successfully detected at the gNB would decrease, leading to longer random access delays.
Observation 1:
Enhancing RACH configuration parameters may come at the cost of overall random access performance in the cell.

Nevertheless, differentiating between services using RACH parameter configuration can be useful in specific scenarios, especially considering that it can provide such differentiation without explicitly partitioning any PRACH resources in time/frequency/preamble domain. In addition, such configuration can be specified for various random access triggers. 
Random Access Triggers

We identify specific random access triggers below and discuss how differentiating RACH configurations for each of them may be accomplished:
1) RRC Connection Reestablishment:

A UE may trigger RRC Connection Reestablishment process to reestablish RRC connectivity, which could be a consequence of e.g. radio link failure, handover failure or something else. In any case, this signifies a critical situation and the UE has to perform random access to send the RRC Connection Reestablishment Request using Msg3. Therefore, differentiation using RA parameters could be useful here. For example, a RACH parameter configuration corresponding to a higher priority should be used for Msg1 transmission compared to the case of random access triggered by a lower priority trigger, e.g. non-URLLC UL data availability in connected mode (if the UE’s UL status becomes “un-synchronized”).
2) UL Data Availability:

If the UE has some UL data it needs to transmit and there are no PUCCH resources for SR available, it will have to initiate random access procedure to transmit SR. In that case, the RACH parameters discussed above can be configured based on the priority of the data the UE has to transmit. This configuration per channel priority can be performed via dedicated signaling. For example, it can be based on the priority of the logical channel i.e. the UE could use a higher power-ramping factor powerRampingStep or a smaller backoff interval between retransmissions to increase the probability that the preamble is detected at the gNB with low latency and a reduced number of retransmissions. This can help ensure differentiation between different priority data. However, one issue needs to be considered here is how to deal with the case when data with multiple priorities request random access. We think that in this case, the configuration should be based on the highest priority data, but this can be discussed further.
3) Handover:
Another RA trigger where enhancement using differentiation of RACH parameters would prove useful is handover, when the UE has to obtain UL synchronization to the target cell using random access. In our companion contribution [3], we introduce the concept of ‘dedicated RACH’, which revolves around the idea of the target gNB allocating dedicated PRACH resources (in time and frequency domain) for the UE to use, allowing the UE to use these dedicated PRACH resources (in addition to the regular PRACH occasions) to perform random access. This serves to reduce overall handover interruption time due to random access, which is one of the most dominant causes of latency in legacy handover procedure. The enhancements to RACH parameters discussed above can also be utilized for this case, i.e. by configuring PRACH parameters as part of the dedicated RACH configuration sent to the UE in the RRCConnectionReconfiguration message with MobilityControlInfo. This would allow the UE using high priority services e.g. URLLC to be able to perform handover with minimal interruption time. Note that even if the network does not provide dedicated RACH preamble to the UE (for contention free random access), such configuration of parameters (e.g. powerRampingStep, backoff interval) would still be beneficial to ensure that the PRACH preamble at the gNB is detected without incurring additional delay. 
4) RRC Connection Establishment (from IDLE mode):

There are ongoing discussions in RAN2 on designing a unified access control functionality in NR, whereby the connection establishment cause and/or access category would be indicated to the network (in some form) during the RRC Connection establishment procedure at the UE. The access categories (to be determined by the NAS layer) are based on the service that requests the access (among other factors) and this information would be included in the Connection Establishment Request (Msg3) in some fashion. Therefore, while the random access latency associated with a transition from IDLE/INACTIVE to CONNECTED mode may not be so critical, from a MAC layer perspective, this is a good use case for service differentiation using RACH parameters. For example, RRC Connection establishment triggered by a UE initiating an emergency call should have a higher priority than, let’s say, IMS video. To accomplish this, for example, a differential backoff profile might be used for the former case to reduce random access latency.

In case differentiation of RA parameters is supported in NR, the relative priorities of various random access triggers would need to be defined. It can be FFS whether this definition and categorization of different RA triggers is fixed in the specification or dynamically configurable by the network. 
Observation 2:
Differentiation of RACH parameters can improve random access performance (e.g. in terms of reducing random access delay), at least for the RA triggers discussed above.
Proposal 1:
NR shall support service based configuration of RACH parameters to enhance the reception of PRACH preamble, at least for the following RA triggers:

· RRC Connection Re-establishment procedure
· UL data arrival during RRC_CONNECTED

· Handover
· RRC Connection Establishment (from IDLE mode)
Multiple services requesting random access
As a consequence of the agreement made in last meeting on allowing at most one ongoing random access procedure at any point in time per MAC entity, an interesting question was raised about how to deal with the scenario when scheduling request from data corresponding to different service (with different priority) arrives in the buffer while Msg1 transmission for an ongoing RA process is still in progress. An example when this might happen is when the UE is initiating different services in a short span of time. While this may be an uncommon scenario, the question remains as to whether the UE should continue with the ongoing procedure or start with the new procedure, using RACH parameters for the relevant service. 
In LTE, how to deal with multiple requests for random access (i.e. initiating new random access procedure while another is ongoing) is left up to UE implementation [1]. For NR, since certain services will have specific access delay requirements, it may be beneficial to consider if UE behavior can be standardized. However, that may not always be possible, in part due to the complexity associated with the whole procedure. So, we think that in such a scenario, the decision to continue or restart the procedure should still be up to the UE implementation, with the understanding that this decision would be based on the respective priorities of the services. If the UE chooses to restart the process, it would have to choose the PRACH resources and send the preamble again. In that case, the relevant PRACH parameters could be used depending on the priority of the new requesting service/trigger (if service based differentiation is supported).
Proposal 2:
Similar to LTE, if the MAC entity receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.
Proposal 3:
For the single ongoing random access procedure per MAC entity, the RACH parameters for Msg1 transmission(s) should correspond to the requesting service with the highest priority.
3      Conclusion

This contribution discusses differentiation of RACH configuration parameters with respect to various random access triggers.
Observation 1:
Enhancing RACH configuration parameters may come at the cost of overall random access performance in the cell.

Observation 2:
Differentiation of RACH parameters can improve random access performance (e.g. in terms of reducing random access delay), at least for the RA triggers discussed above.
Proposal 1:
NR shall support service based configuration of RACH parameters to enhance the reception of PRACH preamble, at least for the following RA triggers:

· RRC Connection Re-establishment procedure
· UL data arrival during RRC_CONNECTED

· Handover
· RRC Connection Establishment (from IDLE mode)
Proposal 2:
Similar to LTE, if the MAC entity receives a request for a new Random Access procedure while another is already ongoing, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure.
Proposal 3:
For the single ongoing random access procedure per MAC entity, the RACH parameters for Msg1 transmission(s) should correspond to the requesting service with the highest priority.
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