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1 Introduction

In RAN2 #97bis, the following agreement has been reached on random access:
	Agreements on Random Access:

-
The random access procedure in NR is supported at least for the following events:

(1)
Initial access from RRC_IDLE;

(2)
RRC Connection Re-establishment procedure;

(3)
Handover;

(4)
DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5)
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.

(6)  Transition from RRC_INACTIVE to RRC_CONNECTED

-
In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE
-
The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE
-
There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization


This contribution proposes to support differentiated random access for NR by using parameterized LTE baseline procedure. 
2 Discussion  
In the LTE baseline, all UEs perform the same random access procedure with the same set of configured parameters.  No differentiation or prioritization is available.  However, there are several use cases in NR suggesting that NR should provide differentiated access.  The following is a few examples:
· NR is going to support different types of services and some of them may have different objectives for their access.  For example, URLLC service may prefer faster access than other services, while eMTC service may aim to minimize the amount of energy consumed during its access.  
· Network slicing is going to be supported in NR.  A key feature of slicing is differentiated transport services over the same physical network.  One aspect of the differentiated services may include differentiated treatment during access to network.  For example, a premium user group may require faster access and lower blocking rate than general users.    
· Different types of random access events may require different access delays.  For example, a UE in RCC_CONNECTED trying to use random access to get synchronized again probably should be given higher priority than a UE in RRC_IDLE trying to get initial access.  
Observation 1.   There are use cases for differentiated random access in NR.
However, from a procedural perspective, we do not see any fundamental difference in how random access procedure should be performed even if differentiation is required.  In addition, there has not been use cases that would require random access be performed on the same numerology as the one used in connected mode.  For example, it has been agreed that QoS requirements for URLLC does not have to start until UE is connected [1].  To simplify implementation, it is hence desirable to have a common random access procedure for all types of services or random access events in NR.  We think the random access procedure specified in the LTE baseline is mature and flexible.  It is hence a good choice to be used as a baseline for NR.  
We do NOT believe partitioning of PRACH resources (e.g. preambles, time/frequency) is a good approach to implement differentiated random access.  The reason is that partition is not a scalable approach. The more service requirements to meet, the thinner PRACH resources are partitioned.  Access contention can increase quickly if PRACH resources are partitioned into small pieces. 

Observation 2.   Partition of PRACH resources is not a scalable or efficient approach to supporting differentiated random access.
We believe that a more efficient and scalable approach to support differentiation s can be supported by parameterization of the baseline procedure, without any change to its design or partitioning of PRACH resources.  
More specifically, the following parameters used in the baseline random access procedure can be configured differently for different services/slices/events to achieve differentiation:
· Parameters for preamble transmission, which include preambleInitialReceivedTargetPower, powerRampingStep, and Backoff Parameter Value. 
· If a service/slice/event needs faster access, it can use large values of preambleInitialReceivedTargetPower and powerRampingStep than others to achieve higher success probability for its access requests.  If an access request is considered to have lower priority, it then may use a larger Backoff Parameter Value so that they cause less access contention with those with higher priorities.  
· If a service is expected to be deployed on many UEs, then they may be configured with a small value of powerRampingStep to avoid creating too much interference or contention. And a large Backoff Parameter Value chould be used to reduce their access load.
· If a service/slice is sensitive to power consumption, then an optimized combination of preambleInitialReceivedTargetPower and powerRampingStep should be configured, so that together they minimize the total amount of energy consumed by an access.  This optimal combination should be a trade-off between power and access latency.  For example, lower preambleInitialReceivedTargetPower can be used to reduce power consumption.  But it should not be too either, or it may lower access success, which can result in more retransmissions.
· Backoff Indicator.  When contention happens, network can send back Backoff Indicator in its Random Access Response (RAR) message to tell UEs how long they have to wait before performing access again.  Although the same 4-bit Backoff Indicator is sent to all UEs involved, this indicator can point to different tables of backoff values for different services/slices/events, i.e. the same indicator can mean shorter backoff duration for a request with high priority.    
Observation 3.  Differentiated random access can be supported by the baseline random access procedure through parameterization.
To implement the differentiated random access procedure described above, network can provide multiple sets of access parameters in RACH related SIBs.  In addition, it can specify which set of parameters an access request should use based on the trigger of the request.  Such triggers may include the priority or slicing index of the logical channel that has data arrival, or the type of random access events (e.g. re-synchronization). 
Proposal 1.  Network can configure multiple sets of parameters used in the random access procedure.
Proposal 2.  Network specifies which set of random access parameters to use for an access request based on the trigger of the request.  The set of triggers are FFS.    
3 Summary
Based on the above discussions, we recommend RAN2 discuss the following observations and proposals: 
Observation 1.   There are use cases for differentiated random access in NR.
Observation 2.   Partition of PRACH resources is not a scalable or efficient approach to supporting differentiated random access. 

Observation 3.   Differentiated random access can be supported by the baseline random access procedure through parameterization.
Proposal 1. Network can configure multiple sets of parameters for UEs to use in the random access procedure.
Proposal 2. Network specifies which set of random access parameters to use for an access request based on the trigger of the request.  The set of triggers are FFS.       
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