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1. Introduction
From study item, in principle, RAN2 agreed that LTE L2 functions are considered as a baseline for NR, and thus RAN2 may not spend time to discuss all the details for NR, but some text and/or principles in LTE can be reused for NR. The contribution discusses which parts from random access in LTE MAC can be reused for NR.
2. Discussion

2.1 Parameters

From the random access procedure in LTE, we think the following parameters can be reused for NR:

-
ra-PreambleTx-Max: the maximum number of preamble transmission.

-
ra-ResponseWindowSize: the RA response window size;

-
ra-Msg3Tx-Max: the maximum number of Msg3 HARQ transmissions (PCell only).

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

Note that the naming of parameters have been updated for the consistency, and PHY-specific parameters e.g. ra-PRACH-MaskIndex in PDCCH order, prach-ConfigIndex, concept of preamble group, transmission power-related (e.g. powerRampingStep, preambleInitialReceivedTargetPower), RA-RNTI etc. may need to be captured later after receiving inputs from RAN1.

Also the following UE variables can be reused:

-
PREAMBLE_INDEX;
-
PREAMBLE_TRANSMISSION_COUNTER;
-
PREAMBLE_RECEIVED_TARGET_POWER;
-
PREAMBLE_BACKOFF;
-
TEMPORARY_C-RNTI.
Note that the naming of variables have been updated for the consistency, and the variables for same functions e.g. random access may need to be grouped as in the LTE RRC specification.

Proposal 1: The following parameters and variables are re-used for random access procedures:

- Parameters (configured by RRC): ra-PreambleTx-Max, ra-ResponseWindowSize, ra-Msg3Tx-Max (PCell only), and ra-ContentionResolutionTimer (PCell only)
- UE Variables: PREAMBLE_INDEX, PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_RECEIVED_TARGET_POWER, PREAMBLE_BACKOFF and TEMPORARY_C-RNTI.
2.2 Procedural text
In general random access procedures can be reused since RAN2 agreed the following principles during SI phase (in Reno):

Agreements:

1: Both contention-based and contention-free RA procedure should be supported in NR.

2: Contention-based and contention-free RA procedures follow the steps of LTE (does not preclude consideration of 2 step RA)
3: RAN2 should strive for as much commonality in random access procedure as possible across all use cases.

Also in Spokane:
Agreements:

1:
NR system should support overload/access control functionality of RACH backoff, RRC Connection Reject, RRC Connection Release and UE based access barring mechanisms.

…
But the existing random access procedures in LTE, as mentioned earlier, include many RAN1-specific issues e.g. power ramping, PRACH mask, RNTI details (including C-RNTI, RA-RNTI), (NR-)PDCCH order details, etc. which should be discussed and determined in RAN1. However, we think we do not have to wait until RAN1 finishes all the works, but can start capturing the agreements with the following assumption:
-
Power ramping mechanism for the preamble will be used in NR.
-
The concept of RA-RNTI and C-RNTI will be re-used in NR.
Hence we propose to have a baseline text for the general random access procedure, and update it after having further agreements in the future.
Proposal 2: The overall random access procedures (e.g. preamble transmission, RAR reception, contention resolution, backoff procedure) can be reused as provided in the Annex.
Proposal 3: Take the proposed text in Annex as baseline, and initiate email discussion to have an agreeable CR.
During LTE time, RAN2 extensively discussed how to handle random access procedures in CA and DC scenarios. We assume we do not have to repeat the same discussion for NR, and can be reused the most principles from LTE. This is also discussed in our contribution [4].
3. Conclusion

Proposal 1: The following parameters and variables are re-used for random access procedures:

- Parameters (configured by RRC): ra-PreambleTx-Max, ra-ResponseWindowSize, ra-Msg3Tx-Max (PCell only), and ra-ContentionResolutionTimer (PCell only)
- UE Variables: PREAMBLE_INDEX, PREAMBLE_TRANSMISSION_COUNTER, PREAMBLE_RECEIVED_TARGET_POWER, PREAMBLE_BACKOFF and TEMPORARY_C-RNTI.
Proposal 2: The overall random access procedures (e.g. preamble transmission, RAR reception, contention resolution, backoff procedure) can be reused as provided in the Annex.

Proposal 3: Take the proposed text in Annex as baseline, and initiate email discussion to have an agreeable CR.
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5. Annex

=== Start of the TP for MAC (copied from LTE MAC specification V14.2.0 [1]) ===
5.1
Random Access procedure

5.1.1
Random Access Procedure initialization

…
For the pTAG preamble transmission on PRACH and reception of a PDCCH order are only supported for PCell.

RRC configures the following parameters for the random access procedures:

-
prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-
ra-PreamblePowerRampingStep: the power-ramping factor;
-
ra-PreambleTx-Max: the maximum number of preamble transmission.

-
ra-ResponseWindowSize: the RA response window size;

-
ra-Msg3Tx-Max: the maximum number of Msg3 HARQ transmissions (PCell only).

-
ra-ContentionResolutionTimer: the Contention Resolution Timer (PCell only).
Editor's note: power ramping step needs to be confirmed by RAN1.

Editor's note: concept of preamble group is NOT captured at this version. Can be added after having RAN2 agreements.

The following UE variables are used for the random access procedures:

-
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).

5.1.2
Random Access Resource selection

The MAC entity shall:

1>
if the ra-PreambleIndex has been explicitly signalled, and it is not 0b000000:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;

1>
else:

2>
randomly select a ra-PreambleIndex other than 0b000000;

2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex;

1>
determine the next available subframe containing PRACH;

1> perform the Random Access Preamble transmission procedure (see subclause 5.1.3).

5.1.3
Random Access Preamble transmission

The MAC entity shall:

1>
set PREAMBLE_RECEIVED_TARGET_POWER to TBD;
1>
compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted as follows [TBD];
1>
instruct the physical layer to transmit a preamble using the selected PRACH, corresponding RA-RNTI, PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
5.1.4
Random Access Response reception

Once the Random Access Preamble is transmitted, the MAC entity shall:

1>
start ra-ResponseWindowSize at the NR-UNIT that contains the end of the preamble transmission plus [TBD] NR-UNITs;
Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot.
1>
monitor the NR-PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI until ra-ResponseWindowSize expires or is stopped, regardless of the possible occurrence of a measurement gap;
1>
if a downlink assignment for this NR-UNIT has been received on the NR-PDCCH for the RA-RNTI and the received TB is successfully decoded:
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.

Editor's note: Whether to re-introduce Backoff Indicator subheader is NOT determined in RAN2, and it needs to be confirmed by RAN2.

2>
if the Random Access Response contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX (see subclause 5.1.3):

3>
consider this Random Access Response reception successful;

3>
apply the following actions for the serving cell where the Random Access Preamble was transmitted:

4>
process the received Timing Advance Command (see subclause 5.2);

4>
indicate the preambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e., (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep);
4>
process the received UL grant value and indicate it to the lower layers;

3>
if ra-PreambleIndex was explicitly signalled, and it was not 0b000000 (i.e., not selected by the MAC entity):

4>
consider the Random Access procedure successfully completed.

3>
else:

4>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

4>
if this is the first successfully received Random Access Response within this Random Access procedure:

5>
if the transmission is not being made for the CCCH logical channel:
6>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission;
5>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>
if ra-ResponseWindowSize expires, and;

1>
if no Random Access Response is received within the RA Response window, or if none of all received Random Access Responses contains a Random Access Preamble identifier corresponding to the transmitted PREAMBLE_INDEX,:

2>
consider the Random Access Response reception not successful;
2>
if the notification of power ramping suspension has not been received from lower layers:
3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

Editor's note: Need to confirm from RAN1 on power ramping suspension.
2>
if PREAMBLE_TRANSMISSION_COUNTER = ra-PreambleTx-Max + 1:

3>
if the Random Access Preamble is transmitted on the SpCell:

4>
indicate a Random Access problem to upper layers;

3>
else if the Random Access Preamble is transmitted on a SCell:

4>
consider the Random Access procedure unsuccessfully completed;
3> the Random Access procedure ends;
2>
if in this Random Access procedure, the Random Access Preamble was selected by MAC:

3>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;

3>
delay the subsequent Random Access transmission by the backoff time;

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop monitoring for Random Access Response(s) after successful reception of a Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX.
5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on NR-PDCCH of the SpCell or UE Contention Resolution Identity on DL-SCH.

Once Msg3 is transmitted, the MAC entity shall:

1>
start ra-ContentionResolutionTimer and restart ra-ContentionResolutionTimer at each HARQ retransmission;

1>
monitor the NR-PDCCH until ra-ContentionResolutionTimer expires or is stopped, regardless of the possible occurrence of a measurement gap;

1>
if notification of a reception of a PDCCH transmission is received from lower layers:

2>
if the C-RNTI MAC CE was included in Msg3:

3>
if the Random Access procedure was initiated by the MAC sublayer itself or by the RRC sublayer and the PDCCH transmission is addressed to the C-RNTI and contains an UL grant for a new transmission; or 

3>
if the Random Access procedure was initiated by a NR-PDCCH order and the NR-PDCCH transmission is addressed to the C-RNTI:

4>
consider this Contention Resolution successful;

4>
stop ra-ContentionResolutionTimer;

4>
discard the TEMPORARY_C-RNTI;

4>
consider this Random Access procedure successfully completed.

2>
else if the CCCH SDU was included in Msg3 and the PDCCH transmission is addressed to its TEMPORARY_C-RNTI:

3>
if the MAC PDU is successfully decoded:

4>
stop ra-ContentionResolutionTimer;

4>
if the MAC PDU contains a UE Contention Resolution Identity MAC CE; and

4>
if the UE Contention Resolution Identity in the MAC CE matches the CCCH SDU transmitted in Msg3:

5>
consider this Contention Resolution successful and finish the disassembly and demultiplexing of the MAC PDU;

5>
set the C-RNTI to the value of the TEMPORARY_C-RNTI;

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Random Access procedure successfully completed.

4>
else

5>
discard the TEMPORARY_C-RNTI;

5>
consider this Contention Resolution not successful and discard the successfully decoded MAC PDU.

1>
if ra-ContentionResolutionTimer expires:

2>
discard the TEMPORARY_C-RNTI;

2>
consider the Contention Resolution not successful.

1>
if the Contention Resolution is considered not successful:

2>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer;

2>
if the notification of power ramping suspension has not been received from lower layers:

3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;

2>
If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1:

3>
indicate a Random Access problem to upper layers.

2>
select a random backoff time according to a uniform distribution between 0 and the PREAMBLE_BACKOFF;
2>
delay the subsequent Random Access transmission by the backoff time;

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
5.1.6
Completion of the Random Access procedure
Upon completion of the Random Access procedure, the MAC entity shall:

1>
discard explicitly signalled ra-PreambleIndex, if any;

1>
flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.

=== End of the TP for MAC ===
