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1. Introduction

RAN2 agreed to support the differentiation of backoff parameters. In RAN2#99bis, RAN2 made a compromise:
Two priorities (high/low)

-
Initial access (based on access class)

-
For data (QCI) 

-
For RRC establishment/re-establishment and HO (high priority)

This contribution discusses the details based on the two priority levels.
2.
Discussion
As a consequential work to the agreement made in the previous meeting, RAN2 needs to study how to support the differentiation. It has to aim to maximize the gain while minimizing the complexity.
2.1
Benefits from the Differentiation of Backoff Parameter and Power Ramping
If differentiated, the expected benefit from the backoff (BO) and power ramping can be briefly summarized with the following table.
Table 1
Summary on Backoff and Power Ramping
	 
	Backoff
	Power Ramping

	Main purpose
	Reducing preamble transmission when congested
	overcoming uplink interference in preamble transmission

	Benefit when differentiated
	Next preamble transmission can be sent earlier by 0 ~ 960 ms
	Aggressive power setting for the preamble transmission to increase the possibility of preamble transmission being successful. It may reduce the delay by ~ tens of ms

	Note 
	Differentiation is already in LTE for CFRA
	 


From the above table, the following observations can be provided:
Observation 1: For idle mode, reducing delay by tens of ms may not be very useful (i.e. it is less useful to reduce call set up delay by that amount of time). Hence the BO differentiation may be useful, but Power Ramping differentiation may be not needed. 

Observation 2: For connected mode, the latency reduction by differentiating both BO and power ramping may be beneficial especially for SRB1.
On the other hand, the access control has been already used to mitigate the congestion so efficiently. Actually, the BO intends to mainly distribute the following retransmission opportunities after the RAR reception is considered not successful. Even in NR, the BO should be a supplementary solution. For the differentiation in BO and power ramping, specifying too heavy signalling would be just a burden rather than to achieve a significant latency improvement.
Observation 3: The load of random access for idle mode UEs are already controlled by Access Control. The Backoff parameter is a supplementary solution to mitigate the congestion, especially for preamble retransmission.

2.2
Granularity for Differentiation

We assume that there may be many ways/approaches to facilitate the differentiation. However, since there is already other congestion control mechanism providing differentiation, i.e. the access control, the simplest form of differentiation seems good enough for Rel-15. 
W.r.t BO, UE skips the received BO upon the CFRA in LTE. For the BO differentiation, the skipping approach can be extended even for CBRA. In other words, the received BO is applicable for events with the low priority, but not for events with high priority (i.e. skipped). Whether to apply the BO would depend on specific events, i.e. the UE decides whether to apply the received BO for the retransmission of preamble according to what the event triggering the preamble is. 
W.r.t power ramping, probably one more parameter set can be provided, and either normal parameter set or aggressive parameter set can be applied according to the specific events. The power ramping parameters typically includes powerRampingStep and preambleInitialReceivedTargetPower. The gNB broadcasts the additional set via System Information. For simplicity, both skipping the backoff and the new set of aggressive power parameters are applied at the same time when the random access corresponding to the specific event is initiated.
Proposal 1: The Backoff parameter can be skipped for specific events corresponding to high priority.

Proposal 2: A new set of power ramping parameters is defined for specific events corresponding to high priority. The set includes powerRampingStep and preambleInitialReceivedTargetPower.
Proposal 3: For simplicity, both skipping the backoff and the new set of aggressive power parameters are applied at the same time when the random access corresponding to the specific events is initiated.
There seem two possible ways: 

Approach 1) the events to be differentiated are specified (i.e. hard-coded) or 

Approach 2) the events to be differentiated are configured in the System Information

With the first approach, the additional signalling overhead can be avoided. However, the differentiation could be out of the network control. In order to be under the network control, we can add one bit indicator in System Information to indicate whether differentiation is enabled or not. The second approach can provide a flexibility to configure the event(s) for which the differentiation is applied. The network would select a few events from the pre-defined event set. The configured events is delivered via System Information. 
Proposal 4: The events for which the differentiation is applied are specified or configurable by the network. If specified, an indicator can be considered to indicate if the differentiation is triggered for the specified events. 
Finally, we assume that the differentiation in BO and power ramping can be applied for the following events such as HO command, SRB1, SI request and so on. 
3. Conclusion
It is proposed that 
Proposal 1: The Backoff parameter can be skipped for specific events corresponding to high priority.

Proposal 2: A new set of power ramping parameters is defined for specific events corresponding to high priority. The set includes powerRampingStep and preambleInitialReceivedTargetPower.

Proposal 3: For simplicity, both skipping the backoff and the new set of aggressive power parameters are applied at the same time when the random access corresponding to the specific events is initiated.
Proposal 4: The events for which the differentiation is applied are specified or configurable by the network. If specified, an indicator can be considered to indicate if the differentiation is triggered for the specified events.
4. Annex
We also introduces the text proposal to show the rough outline of impact. For now, it is not intended to be captured in the TS as it is. For NR RRC, 36.331 is used as baseline. We assume that the changes to 38.331 would be similar. The TPs are provided both for the approach 1 and 2 separately.
Approach 1) the events to be differentiated are specified (i.e. hard-coded)
TP for RRC
–
RACH-ConfigCommon
The IE RACH-ConfigCommon is used to specify the generic random access parameters.

RACH-ConfigCommon information element
-- ASN1START
RACH-ConfigCommon ::=     SEQUENCE {
** SKIP **
  powerRampingParameters              

PowerRampingParameters,
  powerRampingParametersDifferentiation 
PowerRampingParameters        OPTIONAL,
** SKIP **
}
  
** SKIP **
PowerRampingParameters ::=


SEQUENCE {


powerRampingStep




ENUMERATED {dB0, dB2,dB4, dB6},


preambleInitialReceivedTargetPower
ENUMERATED {












dBm-120, dBm-118, dBm-116, dBm-114, dBm-112,












dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,












dBm-100, dBm-98, dBm-96, dBm-94,












dBm-92, dBm-90}

}

** SKIP **
 
-- ASN1STOP
 
–
MobilityControlInfo
The IE MobilityControlInfo includes parameters relevant for network controlled mobility to/within E‑UTRA.

MobilityControlInfo information element

 
-- ASN1START
 
MobilityControlInfo ::=         SEQUENCE {
 
** SKIP  **
 
powerRampingParametersDedicated              PowerRampingParameters             OPTIONAL,
 
** SKIP  **
 
-- ASN1STOP
 
5.3.X Reception of an RRCConnectionReconfiguration including the mobilityControlInfo by the UE (handover)
** SKIP **
1> if powerRampingParametersDedicated is included
2> configure lower layers with parameters included in powerRampingParametersDedicated 
2> inform lower layers that random access is subject to differentiation
** SKIP **
5.2.x.x          SI request 
** SKIP **
1> if powerRampingParametersDifferentiation is included in RACH-ConfigCommon in SystemInformationBlock1
2> configure lower layers with parameters included in powerRampingParametersDifferentiation
2> inform lower layers that random access is subject to differentiation
** SKIP **
TP for MAC
         5.1.4 Random Access Response reception
** SKIP **
2> if the random access is not subject to differentiation and
      2>if the Random Access Response contains a Backoff Indicator subheader:
       3> set the PREAMBLE_BACKOFF to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2> else:
3> set the PREAMBLE_BACKOFF to 0 ms.
** SKIP **
 
5.1.1 Random Access Procedure initialization

The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC sublayer itself or by the RRC sublayer. Random Access procedure on an SCell shall only be initiated by a PDCCH order. If a MAC entity receives a PDCCH transmission consistent with a PDCCH order [5] masked with its C-RNTI, and for a specific Serving Cell, the MAC entity shall initiate a Random Access procedure on this Serving Cell. For Random Access on the SpCell a PDCCH order or RRC optionally indicate the ra-PreambleIndex and the ra-PRACH-MaskIndex; and for Random Access on an SCell, the PDCCH order indicates the ra-PreambleIndex with a value different from 000000 and the ra-PRACH-MaskIndex. For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for SpCell.
Before the procedure can be initiated, the following information for related Serving Cell is assumed to be available [8]:
-     the available set of PRACH resources for the transmission of the Random Access Preamble, prach-ConfigIndex.
-     the groups of Random Access Preambles and the set of available Random Access Preambles in each group (SpCell only):
      The preambles that are contained in Random Access Preambles group A and Random Access Preambles group B are calculated from the parameters numberOfRA-Preambles and sizeOfRA-PreamblesGroupA:
      If sizeOfRA-PreamblesGroupA is equal to numberOfRA-Preambles then there is no Random Access Preambles group B. The preambles in Random Access Preamble group A are the preambles 0 to sizeOfRA-PreamblesGroupA – 1 and, if it exists, the preambles in Random Access Preamble group B are the preambles sizeOfRA-PreamblesGroupA to numberOfRA-Preambles – 1 from the set of 64 preambles as defined in [7].
-     if Random Access Preambles group B exists, the thresholds, messagePowerOffsetGroupB and messageSizeGroupA, the configured UE transmitted power of the Serving Cell performing the Random Access Procedure, PCMAX, c [10], and the offset between the preamble and Msg3, deltaPreambleMsg3, that are required for selecting one of the two groups of Random Access Preambles (SpCell only).
-     the RA response window size ra-ResponseWindowSize.
-     the power-ramping factor powerRampingStep.
-     the maximum number of preamble transmission preambleTransMax.
-     the initial preamble power preambleInitialReceivedTargetPower.
-     the preamble format based offset DELTA_PREAMBLE (see subclause 7.6).
-     the maximum number of Msg3 HARQ transmissions maxHARQ-Msg3Tx (SpCell only).
-     the Contention Resolution Timer mac-ContentionResolutionTimer (SpCell only).
NOTE:      The above parameters may be updated from upper layers before each Random Access procedure is initiated.
Approach 2) the events to be differentiated are configured in the System Information

TP for RRC
–
SystemInformationBlockType2

The IE SystemInformationBlockType2 contains radio resource configuration information that is common for all UEs.

NOTE:
UE timers and constants related to functionality for which parameters are provided in another SIB are included in the corresponding SIB.

SystemInformationBlockType2 information element
SystemInformationBlockType2 ::=       SEQUENCE {
** SKIP  **

  randomAccessDifferentiation     SEQUENCE {

      randomAccessDifferentiationforSRB1  BOOLEAN,

      randomAccessDifferentiationforSIrequest BOOLEAN,

      Differentiation-CategoryList                Differentiation-CategoryList

  }

** SKIP  **

 

Differentiation-CategoryList ::= SEQUENCE (SIZE (1..max-Cat)) OF Category

 

…

 

 
–
RACH-ConfigCommon
The IE RACH-ConfigCommon is used to specify the generic random access parameters.

RACH-ConfigCommon information element
-- ASN1START
 

RACH-ConfigCommon ::=     SEQUENCE {

** SKIP **

  powerRampingParameters              PowerRampingParameters,

  powerRampingParametersDifferentiation PowerRampingParameters        OPTIONAL,

** SKIP **

}

 

 

** SKIP **

PowerRampingParameters ::=


SEQUENCE {


powerRampingStep




ENUMERATED {dB0, dB2,dB4, dB6},


preambleInitialReceivedTargetPower
ENUMERATED {












dBm-120, dBm-118, dBm-116, dBm-114, dBm-112,












dBm-110, dBm-108, dBm-106, dBm-104, dBm-102,












dBm-100, dBm-98, dBm-96, dBm-94,












dBm-92, dBm-90}

** SKIP **

 

-- ASN1STOP

 
5.3.3.3          Actions related to transmission of RRCConnectionRequest message
The UE shall set the contents of RRCConnectionRequest message as follows:
** SKIP **
1>    if the category indicated by upper layer is included in Differentiation-CategoryList 
2>  inform lower layers that random access is subject to differentiation
 ** SKIP **
5.3.3.4          Reception of the RRCConnectionSetup by the UE
** SKIP **
1> if randomAccessDifferentiationforSRB1 is TRUE 
2> inform lower layers that SRB1 is subject to random access differentiation 
** SKIP **
5.2.x.x          SI request 
** SKIP **
1> if such&such conditions (for SI request) are fullfilled
2> inform lower layers to transmit random access preamble for SI request 
1> if randomAccessDifferentiationforSIrequest is TRUE 
2> inform lower layers the preamble transmission is subject to random access differentiation 
 
TP for MAC

5.1.1 Random Access procedure initialization
** SKIP **
The MAC entity shall:
1> flush the Msg3 buffer;
1> set the PREAMBLE_TRANSMISSION_COUNTER to 1;
1> set the PREAMBLE_POWER_RAMPING_COUNTER to 1;
1> set the PREAMBLE_BACKOFF to 0 ms;
1> if the random access is triggered by RRC and RRC indicates that either the random access or the preamble transmission is subject to differentiation; or
1> if the random access is triggered to transmit BSR including buffer status of SRB 1 and RRC indicates that SRB1 is subject to differentiation;
2> consider the random access procedure is subject to differentiation
1> perform the Random Access Resource selection procedure (see subclause 5.1.2).
5.1.3 Random Access Preamble transmission
The MAC entity shall, for each preamble:
1> if either the random access or preamble transmission is subject to differentiation and powerRampingParametersDifferentiation is included in SIB x
   2> use preambleInitialReceivedTargetPower and powerRampingStep in powerRampingParametersDifferentiation
1> else
  2> use preambleInitialReceivedTargetPower and powerRampingStep in powerRampingParameters
1> set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;;
** SKIP **
5.1.4 Random Access Response reception
** SKIP **
-    if the Random Access Response contains a Backoff Indicator subheader:
   -  if neither the random access nor preamble transmission is subject to differentiation
-     set the backoff parameter value as indicated by the BI field of the Backoff Indicator subheader.

 ** SKIP **
1

