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1 Introduction

RAN2 has agreed to support differentiation of backoff parameter and/or power ramping. In last RAN2 meeting, it was discussed in what conditions/events the differentiation will be supported. However, no conclusion was made. In this paper, we provide our view on this issue, and provide a TP.
2 Discussion
In LTE, upon the following events the RA procedure will be triggered on PCell:
-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure, as defined in TS 24.301;

-
Handover, except for NB-IoT or when RACH-less HO is configured;

-
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.

The RA procedure will also be triggered on a SCell when:

-
a SCell is to establish time alignment for the corresponding sTAG.

The RA procedure will also be triggered on PSCell when:

-
SCG addition/modification;
-
DL/UL data arrival during RRC_CONNECTED requiring random access procedure.
For NR, we have not agreed upon all the events triggering RA procedure, but only some as the following:

-
Initial access from RRC_IDLE;

-
RRC Connection Re-establishment procedure;

-
Handover;

-
DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised";

-
Transition from RRC_INACTIVE;

-
Request for Other SI;

-
beam recovery request. 

Like in LTE, RA trigger events for NR SCell, PSCell, positioning may well be added later on. Among all these events, we think at least the following events need to be further divided to consider different services requirement:

-
Initial access from RRC_IDLE;

-
Transition from RRC_INACTIVE;

-
DL or UL data arrival during RRC_CONNECTED.


The initial access from RRC_IDLE event and transition from RRC_INACTIVE event can be considered together, and divided into MT signalling, MO signalling, MT data with different delay tolerance class, MO data with different delay tolerance class. Delay tolerance class can be new defined (e.g. extremely low delay tolerance, low delay tolerance, middle delay tolerance, high delay tolerance) or reuse 5QI/QFI which can be indicated by NAS (MO data case) or paging (MT data case).

DL or UL data arrival during RRC_CONNECTED event can also be divided into UL signalling, DL signalling, UL data with different delay tolerance class, DL data with different delay tolerance class. The definition of delay tolerance class is the same as initial access/transition from RRC_INACTIVE, and can be indicated by NAS (UL data case) or PDCCH or MAC CE (DL data case). 


Proposal 1: initial access from RRC_IDLE and transition from RRC_INACTIVE are considered together for parameter differentiation.

Proposal 2: For RA events initial access from RRC_IDLE/transition from RRC_INACTIVE, and DL or UL data arrival during RRC_CONNECTED, they are further divided into MT signalling, MO signalling, MT data with different delay tolerance class, MO data with different delay tolerance class.

Proposal 3: Delay tolerance class can be new defined or reuse 5QI/QFI. If it is new defined, it can be classified into extremely low delay tolerance, low delay tolerance, middle delay tolerance, high delay tolerance.

Given the large amount of trigger events, we suggest to category them into different event types based on their delay tolerance, e.g. extremely low delay tolerance, low delay tolerance, middle delay tolerance, high delay tolerance. Then the backoff/power ramping parameter can be configured on event type basis as illustrated in the following table: 

Table 1 illustration of event type based backoff/powerramingstep configuration
	Event Type
	backoff coefficient parameter
	PowerRampingStep coefficient parameter

	Type 1: extremely low delay

e.g.: connected 5QI/QFI == URLLC service

, handover, SCG addition/modification, beam recovery request
	0.2

backoff = backoff in RAR * 0.2
	0.2

PowerRampingStep=PowerRampingStep * 0.2

	Type 2: low delay
e.g.: 5QI/QFI == real Time gaming，V2X
	0.5

backoff = backoff in RAR * 0.5
	0.5

	Type 3:middle delay
e.g.: MO/MT signalling, SI request,positioning, 5QI/QFI == live streaming
	1


	1

	Type 4: delay tolerant
e.g.: Time alignment，5QI/QFI == buffed streaming
	1.5
	1.5



Proposal 4: RA events for differentiation of backoff/power ramping parameter are classified into different event types, e.g. extremely low delay tolerance, low delay tolerance, middle delay tolerance, high delay tolerance. And backoff/power ramping parameters are configured per event type. 

As we can see from the table, backoff/power ramping parameters are the backoff/power ramping coefficient which will be mutiplied by backoff/powerRampingStep to get the final backoff/ powerRampingStep value. Different event type triggered RA will use different backoff/ power ramping coefficient and thereby different backoff/ powerRampingStep. The configuration may be provided by RRC release/ reject/establishment/resume/reconfiguration message, or system information. Another solution to provide different backoff parameters is by RAR, which will complicate the RAR design, so it is not recommended. 

Proposal 5: system information or RRC message are used to configure the backoff and power ramping parameters per event type.

Proposal 6: The backoff/power ramping parameters configured per event type are: backoff coefficient, powerRampingStep.


A text proposal is given in annex.
3 Conclusions

Based on the discussion, our proposal is provided as follow:

Proposal 1: initial access from RRC_IDLE and transition from RRC_INACTIVE are considered together for parameter differentiation.
Proposal 2: For RA events initial access from RRC_IDLE/transition from RRC_INACTIVE, and DL or UL data arrival during RRC_CONNECTED, they are further divided into MT signalling, MO signalling, MT data with different delay tolerance class, MO data with different delay tolerance class.
Proposal 3: Delay tolerance class can be new defined or reuse 5QI/QFI. If it is new defined, it can be classified into extremely low delay tolerance, low delay tolerance, middle delay tolerance, high delay tolerance.
Proposal 4: RA events for differentiation of backoff/power ramping parameter are classified into different event types, e.g. extremely low delay tolerance, low delay tolerance, middle delay tolerance, high delay tolerance. And backoff/power ramping parameters are configured per event type.

Proposal 5: system information or RRC message are used to configure the backoff and power ramping parameters per event type.

Proposal 6: The backoff/power ramping parameters configured per event type are: backoff coefficient, powerRampingStep.

Annex 

Text proposal on 38.321 is given in the following:

-------------------- Start of the change--------------------

5
MAC procedures
5.1
Random Access procedure
5.1.1
Random Access procedure initialization
The Random Access procedure described in this subclause is initiated by the MAC entity itself or by RRC for the events in accordance with TS 38.300 [2]. There is only one Random Access procedure ongoing at any point in time in a MAC entity. The Random Access procedure on an SCell other than PSCell shall only be initiated by network (i.e. non-contention based random access procedure). 
Editor's note: The case where the RA procedure is initiated by PDCCH order is NOT captured for the time being, and RAN2 waits for RAN1 progress. Also, the above network can be replaced by PDCCH order later.

Editor's note: There is only one Random Access procedure ongoing at any point in time in a MAC entity but it is still FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization.

RRC configures the following parameters for the random access procedure:

-
prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-
backoffCoefficient: the backoff factor configured per RA event type, the mapping between RA event and event type is given in table 5.1.1-1;
-
ra-PreamblePowerRampingStep: the power-ramping factor configured per RA event type, the mapping between RA event and event type is given in table 5.1.1-1;
-
ra-PreambleTx-Max: the maximum number of preamble transmission.

-
the groups of Random Access Preambles (i.e. Random Access Preambles group A and Random Access Preambles group B) and the set of available Random Access Preambles in each group (SpCell only):


The set of preambles in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters TBD.

-
ra-Msg3SizeGroupA: the threshold to determine the groups of Random Access Preambles;
Editor's note: Editor thinks the LTE parameters e.g. ra-NumberOfPreambles, ra-NumberOfPreamblesGroupA, ra-Msg3SizeGroupA, etc. can be re-used, but will capture them after having confirmation from RAN2.
-
ra-ResponseWindowSize: the RA response window size;

-
ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only).

Editor's note: the concept of prach-ConfigIndex and power ramping will be defined and confirmed by RAN1.

Table 5.1.1-1: Mapping between RA events and event type
	Event  type
	RA events

	Extremely low delay tolerance
	- UL/DL data arriving in connected state with delay tolerance class "extremely low delay tolerance"
- Handover

- SCG addition/modification
- beam recovery request

	Low delay tolerance
	- UL/DL data arriving in idle/inactive state with delay tolerance class " extremely low delay tolerance"
- UL/DL data arriving in connected state with delay tolerance class " low delay tolerance"

	Middle delay tolerance
	- MO/MT signalling in idle/inactive state

- MO/MT signalling in connected state 

- SI request

- RRC Connection Re-establishment procedure
- UL/DL data arriving in connected state with delay tolerance class " middle delay tolerance"

	High delay tolerance
	- UL/DL data arriving in connected state with delay tolerance class " high delay tolerance"


The following UE variables are used for the Random Access procedure:

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-
PREAMBLE_RECEIVED_TARGET_POWER;
-
PREAMBLE_BACKOFF;
-
TEMPORARY_C-RNTI.
The random access procedure is initiated as follows:

The MAC entity shall:

1>
flush the Msg3 buffer;

1> set the PREAMBLE_TRANSMISSION_COUNTER to 1;

1>
set the PREAMBLE_BACKOFF to 0 ms;

1>
perform the Random Access Resource selection procedure (see subclause 5.1.2).

Editor's note: to have RACH backoff mechanism was agreed in principle during SI phase, but details needs to be further discussed by RAN2.

Editor's note: beamforming aspect may impact to RA procedure across subclause 5.1, but RAN1 inputs would be further required.
-------------------- End of the change--------------------
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