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1 Introduction

In RAN2 ad-hoc 18#1, the following agreement regarding prioritized random access was made:
Agreements:

The following cases will apply prioritized RACH procedures (if configured)

1. Handovers using contention-based access 

2. BFR recovery 
The set of parameters for prioritization include 

· powerRampingStep and Backoff Parameter

Idle mode will not be discussed in Rel-15

This contribution discusses how network should send backoff indication, as well as how UE should perform backoff accordingly.
2 Discussion

As it has been agreed that NR should support prioritized random access, one of the next issues to be solved is how to signal backoff for different access priorities. Instead of introducing a brand-new design, we think it is simpler to extend the existing backoff mechanism to meet the new need.  

During offline discussion with a number of companies on this topic, we have learned a number of proposals. They can be summarized in the following three options:
Option 1. Single backoff indication from network but use different multipliers for different priorities.

This proposal was submitted by us in a previous contribution [1]. The basic idea is to make no change to the existing backoff indicator MAC subPDU. When multiple access priorities are configured, network broadcasts two backoff multipliers in System Information, each of which corresponds to an access priority. When a UE receives a backoff indication, it sets the backoff parameter using the value received multiplied by the backoff multiplier corresponding to the priority of its ongoing access attempt.      
The feedback we received was that this proposal would require network broadcast the multipliers in system information, which can be expensive as the current size of SIB1 is approaching its design limit. 
Option 2. No backoff for high-priority events and backoff indication from network applies to low priority events only.
This proposal is also motivated by the desire not to change the existing design or format of backoff indicator MAC subPDU. As high priority events are less frequent but more sensitive to latency, no backoff is applied to them any time. And the backoff indication sent by network applies to low priority events only. 
However, the concern about this approach is that there still could be occasions where an overload of high-priority access occurs, for example, in events when a large group of UEs in a bus or train making handovers or performing BFR at the same time. In those cases, if backoff for high priority events is fixed at zero, network would have no means to control this temporary access overload and consequently suffer from excessive collisions and long access delays for those high-priority requests. For this reason, we believe network should have option to control the backoff of high priority requests too.  

Option 3. Indicate backoff for both priorities in a RAR MAC PDU.
In this option, network can send more than one backoff indication for different access priorities in a RAR MAC PDU. There are two possibilities for how these backoff indications are sent: 1) there are included in the same MAC subPDU; 2) they are sent in separate MAC subPDUs, with their own MAC subheaders. We think the second solution is simpler to implement and process, for two reasons. First, as it is not often for network to signal backoff indication for both priority levels at the same time, the first solution is a small optimization but requires extra complexity. On the contrary, in the second solution, backoff indications are sent in separate fixed-size MAC subPDUs. Therefore, they are simpler to process, and network has more flexibility in sending either one or multiple backoff indications at a time. For UE to tell for which priority the indication should be applied for, we may use one of the reserved bits in the subheader for that purpose. The figures in the text proposal in the Appendix illustrate the proposed format of a backoff indicator MAC subPDU, and when two of them are embedded in a RAR MAC PDU.  

Based on the above discussion, we believe Option 3 is a good solution which best leverages the existing design and is simple to implement.

Lastly, we think the values in the existing backoff parameter table are sufficient for prioritized random access, because the newly added high priority events would not need longer backoff values. Therefore, the existing table can be reused without change.
Proposal 1. Network sends backoff indication for different access priorities in separate MAC subPDUs.

Proposal 2. MAC subheader for bakcoff indicator includes a priority bit, which indicates the access priority that the backoff should be applied to.

Proposal 3. The existing table of backoff parameter values is reused.
Figure 1. Proposed format of backoff indication MAC subPDU, embedded in a RAR MAC PDU.
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3 Summary
Based on the above discussion, we’d recommend RAN2 to discuss and accept the following proposals:
Proposal 4. Network sends backoff indication for different access priorities in separate MAC subPDUs.

Proposal 5. MAC subheader for bakcoff indication includes a priority bit, which indicates the access priority that the backoff should be applied to.
Proposal 6. The existing table of backoff parameter values is reused.
4 References

[1] R2-1801430. Details of prioritized random access.
5 Text Proposal
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6.1.5
MAC PDU (Random Access Response)
A MAC PDU consists of one or more MAC subPDUs and optionally padding. Each MAC subPDU consists one of the following:

-
a MAC subheader with Backoff Indicator only;

-
a MAC subheader with RAPID only (i.e. acknowledgment for SI request);

-
a MAC subheader with RAPID and MAC RAR.

A MAC subheader with Backoff Indicator consists of five header fields E/T/P/R/BI as described in Figure 6.1.5-1. A MAC subPDU with Backoff Indicator only is placed at the beginning of the MAC PDU before other types of MAC subPDUs, if included. The header field P indicates to which random access priority should this backoff indicator be applied. A MAC PDU may include up to two backoff indicator subPDUs, one for each random access priority. 'MAC subPDU(s) with RAPID only' and 'MAC subPDU(s) with RAPID and MAC RAR' can be placed anywhere between MAC subPDU with Backoff Indicator only (if any) and padding (if any).

A MAC subheader with RAPID consists of three header fields E/T/RAPID as described in Figure 6.1.5-2.

Padding is placed at the end of the MAC PDU if present. Presence and length of padding is implicit based on TB size, size of MAC subPDU(s).
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Figure 6.1.5-1: E/T/P/R/BI MAC subheader
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Figure 6.1.5-2: E/T/RAPID MAC subheader
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Figure 6.1.5-3: Example of MAC PDU consisting of MAC RARs
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5.1.1
Random Access procedure initialization
The Random Access procedure described in this subclause is initiated by a PDCCH order, by the MAC entity itself, by beam failure indication from lower layer, 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 a PDCCH order with ra-PreambleIndex different from 0b000000.
NOTE 1:
If the MAC entity receives a request for a new Random Access procedure while another is already ongoing in the MAC entity, it is up to UE implementation whether to continue with the ongoing procedure or start with the new procedure (e.g. for SI request).
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;
-
ra-PreambleInitialReceivedTargetPower: initial preamble power;
-
rsrp-ThresholdSSB, csirs-dedicatedRACH-Threshold, and sul-RSRP-Threshold: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;

-
ra-PreamblePowerRampingStep: the power-ramping factor;
-
ra-PreambleIndex: Random Access Preamble;
-
ra-PreambleTx-Max: the maximum number of preamble transmission;

-
if SSBs are mapped to preambles:
-
startIndexRA-PreambleGroupA, numberOfRA-Preambles, and numberOfRA-PreamblesGroupA for each SSB in each group (SpCell only).

-
else:

-
startIndexRA-PreambleGroupA, numberOfRA-Preambles, and numberOfRA-PreamblesGroupA in each group (SpCell only).
-
If numberOfRA-PreamblesGroupA is equal to numberOfRA-Preambles, there is no Random Access Preambles group B.
-
The preambles in Random Access Preamble group A are the preambles startIndexRA-PreambleGroupA to startIndexRA-PreambleGroupA + numberOfRA-PreamblesGroupA – 1;
-
The preambles in Random Access Preamble group B, if exists, are the preambles startIndexRA-PreambleGroupA + numberOfRA-PreamblesGroupA to startIndexRA-PreambleGroupA + numberOfRA-Preambles – 1.
NOTE 2:
if random Access Preambles group B is supported by the cell and SSBs are mapped to preambles, random access preambles group B is included in each SSB.
-
if Random Access Preambles group B exists:

-
ra-Msg3SizeGroupA (per cell): the threshold to determine the groups of Random Access Preambles.
-
the set of Random Access Preambles for SI request and corresponding PRACH resource(s), if any;
-
the set of Random Access Preambles for beam failure recovery request and corresponding PRACH resource(s), if any;
-
ra-ResponseWindow: the time window to monitor RA response(s);
-
bfr-ResponseWindow: the time window to monitor response(s) on beam failure recovery request;
-
ra-ContentionResolutionTimer: the Contention Resolution Timer (SpCell only).

In addition, the following information for related Serving Cell is assumed to be available for UEs:

-
if Random Access Preambles group B exists:

-
if the MAC Entity is configured with supplementaryUplink, and SUL carrier is selected for performing Random Access Procedure:

-
PCMAX,c_SUL: the configured UE transmitted power of the SUL carrier.
-
else:

-
PCMAX,c: the configured UE transmitted power of the Serving Cell performing the Random Access Procedure.

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

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-
PREAMBLE_POWER_RAMPING_COUNTER;
-
PREAMBLE_RECEIVED_TARGET_POWER;
-
PREAMBLE_BACKOFF_HIGH_PRIORITY;
- 
PREAMBLE_BACKOFF_LOW_PRIORITY;
-
PCMAX;
-
TEMPORARY_C-RNTI.
When the Random Access procedure is initiated, 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 carrier to use for the Random Access procedure is explicitly signalled:

2>
select the signalled carrier for performing Random Access procedure.

1>
else if the carrier to use for the Random Access procedure is not explicitly signalled; and

1>
if the cell for the Random Access procedure is configured with supplementaryUplink; and
1>
if the RSRP of the downlink pathloss reference is less than sul-RSRP-Threshold:

2>
select the SUL carrier for performing Random Access procedure;

2>
set the PCMAX to PCMAX,c_SUL.

1>
else:

2>
select the normal carrier for performing Random Access procedure;

2>
set the PCMAX to PCMAX,c.

1> perform the Random Access Resource selection procedure (see subclause 5.1.2).
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5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted and regardless of the possible occurrence of a measurement gap, the MAC entity shall:

1>
if 'multiple preamble transmission' has been signalled:

2>
start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the first preamble transmission;
2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI(s) while ra-ResponseWindow is running.
1>
else if the contention free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:
2>
start the bfr-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the preamble transmission;

2>
monitor the PDCCH of the SpCell for response to beam failure recovery request identified by the C-RNTI while bfr-ResponseWindow is running.
1>
else:

2>
start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of X symbols (specified in TS 38.213 [6]) from the end of the preamble transmission;

2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while the ra-ResponseWindow is running.

1>
if PDCCH transmission is addressed to the C-RNTI; and

1>
if the contention free Random Access Preamble for beam failure recovery request was transmitted by the MAC entity:

2>
consider the Random Access procedure successfully completed.
1>
else if a downlink assignment has been received on the PDCCH for the RA-RNTI and the received TB is successfully decoded:
2> if the Random Access Response contains a Backoff Indicator subheader for high priority random access; and

2> the Random Access procedure was triggered by a high-priority request:

3> set the PREAMBLE_BACKOFF_HIGH PRIORITY to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2> else:
3> 
set the PREAMBLE_BACKOFF_HIGH_PRIORITY to 0 ms.
2> if the Random Access Response contains a Backoff Indicator subheader for low priority random access; and 
2> the Random Access procedure was triggered by a low-priority request:

3> set the PREAMBLE_BACKOFF_LOW PRIORITY to value of the BI field of the Backoff Indicator subheader using Table 7.2-1.
2>
else:

3>
set the PREAMBLE_BACKOFF_LOW-PRIORITY to 0 ms.
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