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1 Introduction

At the last RAN2# 98 meeting, the following agreements were achieved with respect to RACH procedures [1],
1. A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.
As in LTE:

2. After transmitting the RACH preamble, UE monitors for RAR in RAR window
3. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
4. The size of RAR window is configurable 

5. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble

6. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.

7. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 

8. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.

9. When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.

10. when performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.
This contribution discusses basic random access procedures without beam operation in NR in addition to the above agreements and provides our considerations.

2 Msg1
2.1 RACH resource partitioning
In LTE, preambles are divided into two groups due to different size of Msg3. For instance, the UE needs to decide the group from which it needs the preamble on the basis of size of Msg3 and the path loss. Similar mechanism can be reused in NR to provide the Msg3 size information. The gNB shall allocate a grant of maximum size for Msg3 transmission if no Msg3 size information is provided. RAN2 agreed on demand system information is supported for both idle UE and connected UE. Therefore the preamble can be used to request the other system information.
Proposal 1: PRACH/preamble resource partitioning signals at least for Msg3 size and the other SI request.

2.2 Priority on random access
In LTE, multiple SR-RACH procedures may be requested and if the MAC entity receives a request for a new RA procedure while another RA procedure is already ongoing in the MAC entity, it is up to UE implementation whether to continue the ongoing procedure or start the new procedure. In NR, various services with different QoS requirements will be supported. The issue arises whether NR needs to enhance RA prioritization to satisfy different QoS requirements of different services.  
a) Serving cell with Single RACH configuration

In the case that the UE supports a single RACH configuration, if a prioritized RACH procedure needs to be initiated while a normal RACH procedure is already on going, two options can be considered.

· Option1: Continue with the ongoing procedure but a new BSR MAC CE should be generated and stored in Msg3 buffer based on received RAR UL grant from each RAR window
For option1, the UE can generate a new BSR MAC CE to include the latest buffer state based on RAR UL grant for preamble retransmission. Based on the updated BSR MAC CE, gNB can allocate the suitable resource to satisfy the QoS requirement of service timely in subsequent scheduling. One example is showed in Figure 1.
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Figure 1: An example of option1
· Option2: Start with the new procedure via the same PRACH cofiguration 

For option 2, the difference with option 1 is that the Msg3 transmission buffer is flushed. The new Msg3 will be generated and include a new BSR MAC CE with the latest buffer state in the new Msg3 for the new random access procedure. Based on the new BSR MAC CE, gNB can also allocate the suitable resource to satisfy the QoS requirement of the service timely in subsequent scheduling as option1. 
The same technical effects are achieved by option1 and option2, if a single RACH configuration is supported. Hence we have the following proposal.

Proposal 2a: If multiple PRACH configurations are not supported for a UE, it is up to UE implementation to continue with the ongoing procedure with update Msg3 buffer based on received RAR UL grant from each RAR window or start with a new procedure.

b) Serving cell with multiple RACH configurations per numerology
In NR, different service might be configured with different RACH configurations within one cell since different service might be mapped to different numerologies and different numerologies support different PRACH configurations. Therefore, to guarantee that the latency requirement is fully satisfied, UE should prioritize the RACH procedure for the delay sensitive service, like URLLC, if multiple PRACH configurations are requested. Certainly, such priority implies that the UE will abort the on-going RACH procedure for eMBB if URLLC triggers another one.
Proposal 2b: If multiple PRACH configurations are supported for a UE, RACH procedure triggered by high priority service can stop the ongoing one triggered by lower priority service.
2.3 RA reliability enhancement

To increase reliability of RA procedure, Power control parameters can be configured with service/numerology, e.g. higher powerRampingStep and/or preambleInitialReceivedTargetPower for preamble transmission is used when the RA procedure is triggered by high priority service since it has more successful probability to be decoded by gNB.

Proposal 3: Power control parameter can be configured with service/numerology, e.g. powerRampingStep and preambleInitialReceivedTargetPower.
3 Msg2
3.1 RA-RNTI calculation

In LTE, once the random access preamble is transmitted, the MAC entity shall monitor the PDCCH of SpCell for random access response(s) identified by RA-RNTI in the random access window. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id + 10*f_id

where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). 

RAN1 agreed NR supports multiple numerology-specific RACH configurations. In that case the RA-RNTI calculation needs to be modified when there are multiple PRACH resources within a sub-frame. Hence a fine granularity is needed to distinguish these PRACH resource within a sub-frame, i.e. slot.
Proposal 4: RA-RANTI calculation needs more input on PRACH resources for multiple numerologies from RAN1. 
3.2 RAR format
In LTE RAR consists of the four fields R/Timing Advance Command/UL Grant/Temporary C-RNTI. Based on the RAR, the UE will perform the Msg3 transmission. We believe this is also applicable to NR.
Proposal 5: The RAR format includes at least field of Temporary C-RNTI, UL grant, TA as LTE.
4 Msg3

In LTE, if 4-steps random access procedure is triggered when UL synchronisation status is “non-synchronised”, a C-RNTI MAC control element will be included in Msg3 for contention resolution. We believe this is also applicable to NR.
Proposal 6: If 4-steps RA procedure is triggered when UL synchronisation status is "non-synchronised", C-RNTI MAC control element should be included in Msg3.
5 Msg4

In LTE, for contention-based random access, once Msg3 is transmitted, the MAC entity shall start the mac-ContentionResolutionTimer and restart the mac-ContentionResolutionTimer at each HARQ retransmission and monitor the PDCCH for the contention resolution until the mac-ContentionResolutionTimer expires or is stopped. The contention resolution is based on either C-RNTI on PDCCH of the SpCell or UE contention Resolution Identity.

· The MAC entity considers the contention resolution successful when the corresponding contention resolution in Msg4 is successfully decoded. In that case the MAC entity stops the mac-ContentionResolutionTimer if running and considers the completion of random access procedure, e.g. flush the HARQ buffer used for transmission of Msg3.

· The MAC entity consider the contention resolution unsuccessful when the mac-ContentionResolutionTimer but the corresponding contention resolution in Msg4 is unsuccessfully decoded. In that case the MAC entity does not indicate the generated positive or negative acknowledgement to physical layer and proceeds to preamble retransmission. 
We believe the above is also applicable to NR. 

Proposal 7: If the Contention Resolution is not successful, the MAC layer does not indicate the generated positive or negative acknowledgement to the physical layer.
Proposal 8: At completion of the Random Access procedure, the MAC entity shall flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.
6 Conclusion

In this paper, we discuss random access procedures. We have the following proposals:
Proposal 1: PRACH/preamble resource partitioning signals at least for Msg3 size and the other SI request.

Proposal 2a: If multiple PRACH configurations are not supported for a UE, it is up to UE implementation to continue with the ongoing procedure with update Msg3 buffer based on received RAR UL grant from each RAR window or start with a new procedure.

Proposal 2b: If multiple PRACH configurations are supported for a UE, RACH procedure triggered by high priority service can stop the ongoing one triggered by lower priority service.

Proposal 3: Power control parameter can be configured with service/numerology, e.g. powerRampingStep and preambleInitialReceivedTargetPower.
Proposal 4: RA-RANTI calculation needs more input on PRACH resources for multiple numerologies from RAN1. 
Proposal 5: The RAR format includes at least field of Temporary C-RNTI, UL grant, TA as LTE.
Proposal 6: If 4-steps RA procedure is triggered when UL synchronisation status is "non-synchronised", C-RNTI MAC control element should be included in Msg3.
Proposal 7: If the Contention Resolution is not successful, the MAC layer does not indicate the generated positive or negative acknowledgement to the physical layer.

Proposal 8: At completion of the Random Access procedure, the MAC entity shall flush the HARQ buffer used for transmission of the MAC PDU in the Msg3 buffer.
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