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1 Introduction

During RAN1#90, the following agreements were made for random access on the supplementary uplink:
Agreements:

· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular, the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier
· It is expected that the network would be able to request a connected-mode UE to initiate a RACH procedure towards any uplink carrier for path-loss and timing-advance acquisition
· Sent an LS accommodating above agreement to RAN2 
In RAN2#99bis, the following was agreed for SUL configuration in connected mode:
RAN2 #99bis

Agreements for SUL operation in connected mode:

-
When SUL is configured there are 2 ULs configured for one DL of the same cell. (FFS how much configuration is provided for the 2 ULs)

-
At any point in time, each serving cell has at most one PUSCH for transmission

1
In any slot, one PUSCH is used for transmission for a single serving cell (i.e. associated to a single DL). This excludes simultaneous transmission on 2 PUSCH within a single slot but does not restrict switching between the two PUSCH based on L1 /MAC/RRC signaling options.

Options for further discussion on RRC signalling to configure SUL

1
RRC configured 2 ULs (one if a full UL configuration and 2nd is just SRS configuration). RRC reconfiguration to provide a full UL configuration for a different carrier is used to switch UL data between 2 different ULs.

2
RRC configures 2 UL. Signalling (e.g. DCI or MAC CE) is defined to enable UE to switch between the 2 different UL configurations, to use both ULs but not schedule them simultaneously based on agreement 1 above

This contribution further discusses the random access procedure when a RACH configuration for the SUL carrier is available. 

2 Discussion 
2.1 Random Access Procedure on SUL

As per RAN1 agreements, the UE may initiate a RA procedure on the SUL in the following events:
· In initial access, if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than a configured threshold.
· In connected mode, if the network requests the UE to initiate a RACH procedure for path-loss and timing-advance acquisition.
Since RSRP measurements are not visible to MAC, an RRC notification to the MAC entity to initiate a RA procedure on the SUL is needed. The MAC entity determines that the SUL becomes active when the RRC instructs MAC to initiate random access using the RACH configuration of the SUL.
It is assumed that RRC ensures that the MAC entity has the proper RACH configuration as a function of the active uplink, when SUL is configured. Given that modelling, TS 38.321 is not expected to introduce logic related to the MAC entity determining the applicable RACH configuration when initiating a random access procedure. Rather, RRC will introduce an event that aims to trigger the RACH procedure in the MAC entity using the proper RACH configuration when upper layers determine that the SUL is configured and activated. 

Observation 1:
RRC always ensures that MAC entity initiates random access with the proper RACH configuration, based on whether or not the SUL is active -when configured-.

Observation 2:
The MAC entity determines that the SUL becomes active when the RRC instructs MAC to initiate random access using the RACH configuration of the SUL.

Proposal 1:
Random access initiated by RRC for the events in accordance with TS 38.300 includes SUL activation due to RRC reconfiguration.
If SUL activation is conveyed via MAC CE signalling -if agreed-, the MAC entity will first abort any ongoing RACH procedure, then indicate to upper layer the activation of the SUL, then initiate the random access procedure assuming RRC makes the applicable RACH configuration available to the MAC entity. Conversely, if SUL deactivation is supported, a similar logic can follow from this modelling. If L1/DCI signalling is used, a similar interaction between the MAC entity and the PHY layer can be considered.

Observation 3:
The MAC entity determines that the SUL becomes active from the reception of L2/L1 signalling.
Proposal 2:
Random access initiated by the MAC entity itself includes the case where a MAC CE indicates SUL activation.

Proposal 3:
Random access initiated by a PDCCH order includes the case where a DCI indicates SUL activation -if agreed-.

If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier. As per TS 38.321, there is only one Random Access procedure ongoing at any point in time in a MAC entity, which shall not be changed when the UE is configured with an SUL.

Observation 4:
There is only one Random Access procedure ongoing at any point in time in a MAC entity.
Proposal 4:
The MAC entity has at most one ongoing procedure per cell at any time when configured with SUL.

If the UE starts the procedure using the non-SUL RACH configuration, then SUL become active, the following options are possible:

1- The UE continues the RA procedure on the non-SUL RACH configuration until it terminates (either successfully or unsuccessfully).

2- The UE stops the RA procedure and starts a new RA procedure on using the SUL RACH configuration.
3- The UE continues the ongoing RA procedure, but using the SUL and the corresponding SUL RACH configuration.


Continuing the ongoing procedure as per option 1 is not desirable, as the UE may continue preamble retransmissions until ra-PreambleTx-Max is reached, especially if radio propagation conditions for the non-SUL carrier deteriorate. In order to avoid such delay, the UE should stop the RA procedure and start a new RA procedure on using the SUL RACH configuration if the SUL becomes active. The UE may alternatively continue the procedure using the SUL and the corresponding RRC parameters for the SUL RACH configuration, but the corresponding power control/ramping procedure must be reset anyway.
Proposal 5:
The MAC entity stops any ongoing procedure when it determines that the SUL becomes active.
2.2 Preamble selection for SUL
As per RAN1 design, pathloss is estimated for the SUL using an offset from the pathloss of the non-SUL carrier. Such crude estimation is necessary, since the SUL carrier is not coupled with a DL carrier in the same frequency band. 
Observation 5:
The pathloss estimate is crude for the SUL carrier, since the estimate is based on an offset from the pathloss estimate of the non-SUL carrier.
That given, the pathloss estimate for the SUL is not accurate enough to be used in the MACs RA procedure when partitioning the preamble space per PRACH resource. Therefore, partitioning based on crude estimation should be avoided. Therefore, preamble partitioning based on groups A and B -as currently done in for any uplink carrier- should be purely based on the computed msg3 size. In other words, the pathloss estimate of the SUL is not taken into account when the MAC selects a preamble from group A vs. group B for CBRA. Since the SUL usage is mainly driven by coverage reasons and typically used by UEs in cell edge, further differentiation based on pathloss may not be necessary.
Proposal 6:
For contention-based RA performed on the SUL, the pathloss estimate is not used when the MAC entity selects a preamble group. Group A or B is selected purely based on msg3 size. 
The text proposal in Appendix A is based on TS 38.321 [1] and corresponds to the above proposals.
3 Conclusion

RAN2 should discuss the above and agree to the following proposal:
Observation 1:
RRC always ensures that MAC entity initiates random access with the proper RACH configuration, based on whether or not the SUL is active -when configured-.

Observation 2:
The MAC entity determines that the SUL becomes active when the RRC instructs MAC to initiate random access using the RACH configuration of the SUL.

Proposal 1:
Random access initiated by RRC for the events in accordance with TS 38.300 includes SUL activation due to RRC reconfiguration.
Observation 3:
The MAC entity determines that the SUL becomes active from the reception of L2/L1 signalling.
Proposal 2:
Random access initiated by the MAC entity itself includes the case where a MAC CE indicates SUL activation.

Proposal 3:
Random access initiated by a PDCCH order includes the case where a DCI indicates SUL activation -if agreed-.

Observation 4:
There is only one Random Access procedure ongoing at any point in time in a MAC entity.
Proposal 4:
The MAC entity has at most one ongoing procedure per cell at any time when configured with SUL.

Proposal 5:
The MAC entity stops any ongoing procedure when it determines that the SUL becomes active.
Observation 5:
The pathloss estimate is crude for the SUL carrier, since the estimate is based on an offset from the pathloss estimate of the non-SUL carrier.

Proposal 6:
For contention-based RA performed on the SUL, the pathloss estimate is not used when the MAC entity selects a preamble group. Group A or B is selected purely based on msg3 size. 


A text proposal based on TS 38.321 [1] corresponding to the above proposals is provided in Appendix A.
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[1] 3GPP TS 38.321 V1.0.1, “NR; Medium Access Control (MAC) protocol specification (Release 15)”.

Appendix A - Text Proposal based on 38.321
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:

-
prach-ConfigIndex: the available set of PRACH resources for the transmission of the Random Access Preamble;

-
ra-PreambleInitialReceivedTargetPower: initial preamble power;

-
ssb-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;
-
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 any;
-
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: 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;
-
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_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).

The MAC entity stops any ongoing procedure when the MAC entity receives a SUL Activation MAC CE, then start a new Random Access procedure using the applicable RACH configuration.

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.
5.1.2
Random Access Resource selection

The MAC entity shall:

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;

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 has not yet been transmitted:

3>
if Random Access Preambles group B exists; and

4>
if the random access procedure was initiated from the activation of the SUL and the potential Msg3 size (UL data available for transmission plus MAC header and, where required, MAC CEs) is greater than ra-Msg3SizeGroupA; or
4>
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 (of the Serving Cell performing the Random Access Procedure) – ra-PreambleInitialReceivedTargetPower:

Editor's note: from the LS R1-1716932, Editor understands that only ra-PreambleInitialReceivedTargetPower is discussed in RAN1, so deltaPreambleMsg3, messagePowerOffsetGroupB in LTE are not captured. RAN2 confirmation requires.

5>
select the Random Access Preambles group B;

4> else:

5>
select the Random Access Preambles group A.

2> else (i.e. Msg3 is being retransmitted):

3>
select the same group of Random Access Preambles as was used for the preamble transmission attempt corresponding to the first transmission of Msg3.

2>
if the association between Random Access Preambles and SS blocks is configured:

3>
select a ra-PreambleIndex randomly with equal probability from the random access preambles associated with the selected SS block and the selected group;

2>
else:

3>
select a ra-PreambleIndex randomly with equal probability from the random access preambles within the selected group;

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;

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).
5.1.3
Random Access Preamble transmission

[Unchanged text not included]
5.1.4
Random Access Response reception

[Unchanged text not included]
5.1.5
Contention Resolution

[Unchanged text not included]
5.1.6
Completion of the Random Access procedure

[Unchanged text not included]
6.1.3
MAC Control Elements (CEs)
6.1.3.11
SUL Activation/Deactivation MAC CE

Editor’s note: Upon reception of a SUL Activation/Deactivation MAC CE, the MAC entity should indicate to upper layer a change of active uplink for the concerned serving cell.
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