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Introduction
In #RAN2 Ad Hoc held on 27th – 29th June 2017, discussions on RACH parameter differentiation were carried out and below conclusions were noted:
Companies are encouraged to come with a converged solution (including the parameters that require differentiation and the triggers) and stage 3 details.
This contribution summarizes the RACH parameters that may able to benefit from the differentiation.
[bookmark: _Ref178064866]Discussion
RACH/PRACH configuration structure
In LTE, before the UE initiates a RACH procedure, the UE must obtain the relevant configuration information via SIB2, which contains the two main configuration structures, and is highlighted as below
1. RACH-ConfigCommon specifies the generic RACH parameters. These parameters are listed as below
1)  PreambleInfo parameters:  define the groups of RACH Preambles and the set of RACH Preambles in each group (Group A and Group B), that are calculated based on parameters numberOfRA-Preambles and sizeOfRA-PreamblesGroupA. In addition, there are two parameters messageSizeGroupA and messagePowerOffsetGroupB to specify the transmission rules using two groups.
2) Power ramping parameters powerRampingStep and preambleInitialReceivedTargetPower
3) ra-SupervisionInfo structure comprises preambleTransMax, ra-ResponseWindowSize and mac-ContentionResolutionTimer
4) Maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx
2. PRACH-ConfigSIB includes one of the key parameters, prach-ConfigIndex, determing what type of preamble format should be used and at which system frame and subframe UE can transmit PRACH Preamble.
3. Additionally, the eNB may send a Back-off Indicator in the RAR, which indicates that the UEs which have transmitted preambles while still waiting for response, to back-off for a certain period before continuing subsequent random access transmission.
Considering that NR will reuse LTE RACH framework as the baseline, the above RACH configuration structure and parameters will be kept in NR.  
[bookmark: _Toc489361555][bookmark: _Toc489361562][bookmark: _Toc490073185][bookmark: _Toc490247571][bookmark: _Toc489361556][bookmark: _Toc489361563][bookmark: _Toc489361557][bookmark: _Toc489361564]NR reuses LTE RACH/PRACH configuration structure
RACH triggers
So far, a RACH procedure may be triggered due to the below events
· Initial access from RRC_IDLE
· RRC Connection Re-establishment procedure
· Handover
· DL data arrival during RRC_CONNECTED requiring random access procedure, E.g. when UL synchronisation status is “non-synchronised”
· UL data arrival during RRC_CONNECTED requiring random access procedure, E.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
· For positioning purpose during RRC_CONNECTED requiring random access procedure, E.g. when timing advance is needed for UE positioning
· On-Demand SI transfer
The more events may be introduced later for other purposes; such as beam recovery.
[bookmark: _Toc481267782][bookmark: _Toc481267802][bookmark: _Toc481689557][bookmark: _Toc481689668][bookmark: _Toc481866264][bookmark: _Toc489306315][bookmark: _Toc489361558][bookmark: _Toc489361565][bookmark: _Toc490073186][bookmark: _Toc490247572]There are different events to trigger a RACH procedure. 
Configuration of RACH differentiation
[bookmark: _Hlk484596365]Considering various QoS requirements of the services in NR, some smaller enhancements without clearly breaking the common procedure should be considered. Enhancement with low complexity can 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 success 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. 
Although UEs may trigger RACH procedure for different events, the network can’t distinguish them upon reception of preamble transmissions. Therefore, RACH requests are served by the network in a FIFO manner. However, some RACH triggers may have higher priority than the other ones. The differentiated RACH configurations make it possible to distinguish these RACH triggers, therefore, allow the PRACH transmission for high priority service can reach the gNB earlier. 
[bookmark: _Toc489361499][bookmark: _Toc489361500][bookmark: _Toc484154272][bookmark: _Toc484614713][bookmark: _Toc484694761][bookmark: _Toc484696069][bookmark: _Toc484696286][bookmark: _Toc484697008][bookmark: _Toc485037606][bookmark: _Toc485038407][bookmark: _Toc485200918][bookmark: _Toc487810675][bookmark: _Toc487810685][bookmark: _Toc487810698][bookmark: _Toc487810717][bookmark: _Toc487810730][bookmark: _Toc487810745][bookmark: _Toc489361501][bookmark: _Toc490073187][bookmark: _Toc490147382][bookmark: _Toc490247618]NR supports differentiation of RACH configurations depending on the types of services and types of triggers.
A situation that could be improved compared to LTE would be for in-active or active UEs which have an RRC connection when a RAR requiring back-off is received after the preamble transmission. That occurs when there has 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 to back-off a random time before retransmitting a preamble. This mechanism is rather crude and cannot distinguish the access priorities between UEs with services of different QoS requirements. For instance, we believe that a UE with high priority data should have a shorter back-off time 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]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: _Toc489361502][bookmark: _Toc490073188][bookmark: _Toc490147383][bookmark: _Toc490247619]The RACH configurations that should be differentiated includes parameters back-off indicator and powerRampingStep.
[bookmark: _Toc487029912][bookmark: _Toc487029949][bookmark: _Toc487472300][bookmark: _Toc487029696]For an idle UE, the typical events are initial access or requesting SI. For idle UEs there are limited ways to define priorities of data (the data that triggers the initial access). For initial access, mechanisms of access class barring such as ACB, EAB and ACDC etc. are used in LTE.  It is currently discussed in RAN2 to have a unified approach [4] for NR. In this approach the network configures access categories in the UE. This configuration includes mapping rules related to combinations of event types, applications, services or other aspects to access categories. We believe these access categories could be a basis also for assigning random access priorities for differentiated RA parameters for idle mode UEs. Hence, we propose:
[bookmark: _Toc490147384][bookmark: _Toc490247620]For UEs in RRC IDLE, the types of services can be derived by parameters that are used for access barring such as access category.
For a RRC_connected UE, the typical events are RA to obtain a grant, handover, regaining of synchronization and beam switching. The priorities of data (the data that triggers the RA for obtaining a grant) should be based on the priority of the LCH carrying the data. Therefore, it is reasonable to QoS indicators to differentiate the services such as. ( 5QI, in NR, while QCI in LTE) which have correspondence with the LCH priority. 
[bookmark: _Toc490147385][bookmark: _Toc490247621]For UEs in RRC connected mode, the types of services can be derived by 5G QOS indicators such as 5QI in NR, or QCI in LTE
Certain signaling to configure the random access parameter differentiation shall be defined. For idle UE, the configuration of random access parameter differentiation shall be conveyed via system message. For specific configuration of random access parameter differentiation for RRC connected UE, other signalling such as UE specific RRC signal is more efficient to reduce the load of system information. The UE applies the cell specific configuration if there is no UE specific configuration.
[bookmark: _Toc490147386]Therefore, we suggest that 
[bookmark: _Toc490124965][bookmark: _Toc490247622][bookmark: _Toc489457131][bookmark: _Toc489457166][bookmark: _Toc489457224][bookmark: _Toc489457284]The differentiation of the RACH parameters can be configured by both means including 
a. [bookmark: _Toc489457132][bookmark: _Toc489457167][bookmark: _Toc489457225][bookmark: _Toc489457285][bookmark: _Toc490124966][bookmark: _Toc490247623]Cell specific configuration conveyed via system information (for idle UEs)
b. [bookmark: _Toc489457133][bookmark: _Toc489457168][bookmark: _Toc489457226][bookmark: _Toc489457286][bookmark: _Toc490124967][bookmark: _Toc490247624]UE specific configuration conveyed via UE dedicated RRC signalling (for connected UEs)
Conclusion
In section 2 we made the following observations:
Observation 1	NR reuses LTE RACH/PRACH configuration structure
Observation 2	There are different events to trigger a RACH procedure. 

Based on the discussion in section 2 we propose the following:
Proposal 1	NR supports differentiation of RACH configurations depending on the types of services and types of triggers.
Proposal 2	The RACH configurations that should be differentiated includes parameters back-off indicator and powerRampingStep.
Proposal 3	For UEs in RRC IDLE, the types of services can be derived by parameters that are used for access barring such as access category.
Proposal 4	For UEs in RRC connected mode, the types of services can be derived by 5G QOS indicators such as 5QI in NR, or QCI in LTE
Proposal 5	The differentiation of the RACH parameters can be configured by both means including
a.	Cell specific configuration conveyed via system information (for idle UEs)
b.	UE specific configuration conveyed via UE dedicated RRC signalling (for connected UEs)
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