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1. Introduction
In this contribution, we first provide explanations and illustrations for the changes we made in the TP based on the running TS 38321. Then, we propose a complete text proposal for completing the random access procedure in NR R-15.

2. Summary of the changes in the TP

In this section, we provide explanations and illustrations for the changes we made in the TP based on the running TS 38321.
2.1 Changes for SUL
The changes due to SUL are made to the following [2]: 

· A new parameter SUL-RSRP-Threshold  should be added for the MAC layer to select the SUL or non-SUL for initial access. 
· The PRACH resource configurations should be independent for SUL and non-SUL. 
· The UL carrier for performing the rest of the RA procedure can be explicitly signalled.
2.2 Changes for NR-UNIT
The discussion on NR-UNIT was conducted in [4], with the agreements made related to RA procedure:

1. The RAR window is started at the first PDCCH occasion after a fixed duration of [TBD]NR-UNITs after the end of the preamble transmissions
2. NR-UNIT is replaced with PDCCH occasion for the DL assignment
2.3 Changes made in [99bis#23][NR] TP on beam selection (Ericsson) by for PRACH resource selection 

In this email discussion, the following proposals have been made:

Proposal 1: Address the thresholds for contention based and contention free random access in RAN2#100.

Proposal 2: Wait for RAN1 to conclude on the mapping between beams and RACH resources, and add an editor’s note the text proposal to highlight this.

Proposal 3:  Decide whether to use MAC internal variable to store the random access resource corresponding to the selected beam in RAN2#100.

However, the email discussion has not concluded the issues with final agreement. In this text proposal, we have added a WRITTER’S NOTE in the parts that are not resolved related to the email discussion. 
2.4 Changes for preamble selection 

The major change compared to the current running TS is due to [1] [5]
· Possible association between SS block and preamble index and;

· Possible beam switching for preamble retransmission

2.5 Parallel RA procedure for DC
Changes are made due to the following [6]:

· Power ramping counter should not be incremented in the case of DC when 

· PRACH drop

· PRACH power scaling

Based on the above discussions, we propose the following TP for the RA procedure. Also, we also make a proposal for re-structuring the TP such that it could be cleaner.
3. Proposal for the TP

As can be seen from the flow chart, there are several operations in the procedure that are repeated several times, like the normal preamble selection procedure between group A and B. Hence, we propose to re-structure the RA procedure and these parts of procedures should be separated into individual sections to avoid repetition.

Proposal 1: Procedure for the preamble selection between group A and B should be separated into an individual section.
4. Text proposal 

Based on the above discussions and proposals, the complete TP for RA is proposed as follows:
5.1
Random Access procedure
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, 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:
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).
Editor's note: Editor thinks RAN1 agreements imply PDCCH order as in LTE even though 38.213 does not capture it yet. To be confirmed by RAN2.
RRC configures the following parameters for the Random Access procedure for non-SUL and SUL carrier (if configured):

-
prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;
-
ra-PreambleInitialReceivedTargetPower: initial preamble power;
-
ssb-RACH-Threshold: an RSRP threshold for the selection of the SS block and corresponding PRACH resource;
WRITER’s NOTE: the exact parameters for the SSB or CSI-RS selection related to HO is still pending in the discussion in [3].
-
SUL-RSRP-Threshold: the threshold for the selection between SUL and UL carriers for random access;
-
ra-PreamblePowerRampingStep: the power-ramping factor;
-
ra-PreambleIndex: Random Access Preamble;
-
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);
-
if Random Access Preambles group B exists:

-
ra-Msg3SizeGroupA: 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 configured;
-
ra-ResponseWindow: the time window to monitor RA response(s);

-
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:

-
PCMAX,c and PCMAX,c_UL_i: the configured UE transmitted power of the Serving Cell and the UL carriers 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;
-
TEMPORARY_C-RNTI.
WRITER’s NOTE: the UE variables related to HO is still pending in the discussion in [3].
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_POWER_RAMPING_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: beamforming aspect may impact to RA procedure across subclause 5.1, but RAN1 inputs would be further required.

Editor's note: SUL may impact to RA procedure depending on the RAN1/2 discussion.

Editor's note: Differentiation of backoff parameter and/or power ramping will be supported, but details to be discussed next year.
WRITER’s NOTE: the procedure related to HO in initialization is still pending in the discussion in [3].

5.1.2
Random Access Resource selection

The MAC entity shall:
1> if the UL carrier has been explicitly signalled:

2> Perform the rest of initial access procedure on the signalled UL carrier

1> Else:

2> If the RSRP by the UE on the downlink carrier is lower than SUL-RSRP-Threshold:

3> Perform the rest of initial access procedure on the SUL carrier;

2> Else:

3> Perform the rest of initial access procedure on the UL carrier;
1>
if the ra-PreambleIndex has been explicitly provided by either PDCCH or RRC, and it is not 0b000000:

2>
set the PREAMBLE_INDEX to the signalled ra-PreambleIndex;
WRITER’s NOTE: the procedure related to SSB or CSI-RS selection and preamble index setting in contention-free RA is still pending in the discussion in [3].

1>
else:

2>
select a SS block with SS-RSRP above ssb-Threshold;
Editor's note: RAN2 can discuss further whether ssb-Threshold is mandatory or not. Also, the case when multiple SS blocks are above the ssb-Threshold can be discussed later.
2> if msg3 is being retransmitted

3> if neither the notification of unsuccessful preamble transmission nor the notification of suspending power ramping counter has not been received from lower layers, and SS block selected for preamble transmission is not changed:

            
4> increment PREAMBLE_POWER_RAMPING_COUNTER by 1;
2>
if the association between Random Access Preambles and SS blocks is configured:
3>
if the purpose of the Random Access is for on-demand SI request, beam recovery request, positing and there is reserved index for these purposes:


4> set the ra-PreambleIndex according to the reserved index;

3> else: 
4> select a ra-PreambleIndex randomly with equal probability from the random access preambles associated with the selected SS block according to the procedure in 5.1.2.1;
2>
else:
3>
select a ra-PreambleIndex from the preambles according to the procedure in 5.1.2.1
2>
set the PREAMBLE_INDEX to the selected ra-PreambleIndex;
Editor's note: the updates above are based on the following RAN1 agreements and the LS R1-1716932:
-
For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
-
For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP.

1>
if the association between PRACH occasions and SS blocks is configured:

2>
determine the next available PRACH occasion from the PRACH occasions corresponding to the selected SS block;
1>
else:

2> determine the next available PRACH occasion;
WRITER’s NOTE: PRACH resource selection when there is an association between selected CSI-RS or SSB is still pending in the discussion in [3]. 
Editor's note: the order of procedure (e.g. selection of SS block) can be re-arranged later.

1> perform the Random Access Preamble transmission procedure (see subclause 5.1.3).
5.1.2.1
Preamble selection between group A and B

The MAC entity shall:
1>
if Random Access Preambles group B exists; and

1>
if the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA and the pathloss is less than PCMAX,c or PCMAX,c_UL_i (of the Serving Cell or UL carrier performing the Random Access Procedure) – ra-PreambleInitialReceivedTargetPower:


2>
select the Random Access Preambles group B;

1> else:

2>
select the Random Access Preambles group A.

5.1.3
Random Access Preamble transmission

The MAC entity shall, for each preamble:

1>
set PREAMBLE_RECEIVED_TARGET_POWER to ra-PreambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep;

Editor's note: still the above equation needs to be confirmed by having RAN1 input.

Editor's note: the text should be clarified further regarding multiple preamble transmission case.

1>
compute the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted as follows [TBD]:
Editor's note: RA-RNTI calculation equation will be placed here. At least time and frequency is used in the RA-RNTI formula.
1>
instruct the physical layer to transmit the preamble using the selected PRACH, corresponding RA-RNTI, PREAMBLE_INDEX and PREAMBLE_RECEIVED_TARGET_POWER.
WRITER’s NOTE: the exact parameters that the MAC layer indicate to the PHY layer for preamble transmission is still pending in the discussion in [3].

5.1.4
Random Access Response reception

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

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

Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.

2>
start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of [TBD] 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:

2>
start the ra-ResponseWindow at the start of the first PDCCH occasion after a fixed duration of [TBD] from the end of the preamble transmissions;
Editor's note: the above if-statement can be combined since the difference is marginal.

Editor's note: The value of TBD duration is FFS. It is a fixed duration and should be as low as possible.
Editor's note: The term 'NR-UNIT' is used tentatively, and should be replaced later with e.g. subframe/TTI/slot after having RAN1 input.
2>
monitor the PDCCH of the SpCell for Random Access Response(s) identified by the RA-RNTI while ra-ResponseWindow is running;
Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).
1>
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:

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.

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;

2>
if the Random Access Response reception is considered successful:

3>
if the Random Access Response includes RAPID only:
4>
consider this Random Access procedure successfully completed; 
4>
indicate the reception of an acknowledgement for the SI request to upper layers;
3>
else:

4>
if 'multiple preamble transmission' has been signalled:
5>
stop transmitting remaining preambles, if any; 

Editor's note: RAN1 has not concluded whether to support multiple Msg1 transmissions so the relevant text can be removed after having RAN1 input. Also how to signal 'multiple preamble transmission' is FFS if supported, and the text can be improved after having RAN1 input.

4>
apply the following actions for the serving cell where the Random Access Preamble was transmitted:

5>
process the received Timing Advance Command (see subclause 5.2);

5>
indicate the ra-PreambleInitialReceivedTargetPower and the amount of power ramping applied to the latest preamble transmission to lower layers (i.e. (PREAMBLE_POWER_RAMPING_COUNTER – 1) * powerRampingStep);
5>
process the received UL grant value and indicate it to the lower layers;

4>
if the Random Access Preamble was not selected by the MAC entity among the common PRACH preambles:

5>
consider the Random Access procedure successfully completed.

4>
else:

5>
set the TEMPORARY_C-RNTI to the value received in the Random Access Response;

5>
if this is the first successfully received Random Access Response within this Random Access procedure:

6>
if the transmission is not being made for the CCCH logical channel:

7>
indicate to the Multiplexing and assembly entity to include a C-RNTI MAC CE in the subsequent uplink transmission;
6>
obtain the MAC PDU to transmit from the Multiplexing and assembly entity and store it in the Msg3 buffer.
1>
if ra-ResponseWindow expires; and

1>
if the Random Access Response containing Random Access Preamble identifiers that matches the transmitted PREAMBLE_INDEX has not been received:

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

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.



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;

2>
if in this Random Access procedure, the Random Access Preamble was selected by MAC among the common PRACH preambles:

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

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

2>
perform the Random Access Resource selection procedure (see subclause 5.1.2).
The MAC entity may stop ra-ResponseWindow (and hence 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.
HARQ operation is not applicable to the Random Access Response transmission.
5.1.5
Contention Resolution

Contention Resolution is based on either C-RNTI on 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 PDCCH while ra-ContentionResolutionTimer is running;

Editor's note: handling of measurement gap may need to be specified to the above sentence (as in LTE).

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 PDCCH order and the 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;

Editor's note: Need to have input from RAN1 on power ramping suspension (in LTE), and can be added later.

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

3>
increment PREAMBLE_TRANSMISSION_COUNTER by 1;
Editor's note: The location of 'increment PREAMBLE_POWER_RAMPING_COUNTER by 1') can be discussed further.

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 Preamble 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.

WRITER’s NOTE: the exact procedure and parameters for RA completion is still pending due to the discussion in [3].
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