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1 Introduction
During RAN2#97bis, the following agreements were reached on the random access procedure in NR:

Agreements
-
Mixed numerologies on a single carrier are only supported in connected mode. Idle mode and Inactive mode procedures (at least minimum system information broadcast and paging) use the default numerology per carrier frequency.
FFS Whether initial access (i.e. random access in idle mode) is always on the default numerology or can use other numerologies.

-
There is at most one Random Access procedure ongoing at any point in time in a MAC entity.  FFS if it is up to UE implementation which RA procedure should be stopped or if we need to have any form of prioritization
During RAN2#98, the following agreements were made on random access in NR:

Agreements 

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.

The following agreements on slice selection/indication were reached:

Agreements:

1
RAN2 assumption is that MSG3 does not to deliver assistance information for AMF selection due to RRC size constraints as in LTE.

2
RAN2 assumption is that MSG5 is the earliest message that can be used to deliver assistance information for AMF selection.

In addition, there were initial discussions about enhancements related to service differentiation and prioritization related to slicing, or related to support of multiple TTI durations by a MAC entity. Such enhancements may include resource partitioning and provision of different parameters (e.g. power ramping step, backoff values) depending on what triggered a random access procedure. This contribution further addresses these aspects, focusing on the case where the UE is in connected mode. 
2 Random access configuration in LTE
In LTE, configuration of RACH includes parameters such as:

· Preamble information (e.g. number of non-dedicated preambles, size of preamble groups, dedicated preamble index in case of contention-free, the set of PRACH resources available for preamble transmissions)
· Power ramping parameters (e.g. power ramping step, initial received target power)

· Supervision parameters (e.g. maximum number of preamble transmissions, maximum number of Msg3 HARQ transmissions, RAR window size, contention resolution timer)

In later releases, LTE has introduced enhancements to support bandwidth-limited (BL), enhanced coverage and NB-IoT UEs. Such enhancements include provision of NPRACH resources specific to NB-IoT UEs as well as parameters specific to each enhanced coverage level (e.g. preamble mapping, RAR window size, contention resolution timer, repetition of preamble transmissions, and frequency hopping).
3 Random access configuration in NR

In NR, based on existing agreements, it is expected that a RACH configuration includes parameters similar to LTE, although the details of preamble information are different based on RAN1 agreements. For example, TR 38.802 [2] states that resources can be configured per regions e.g. random access regions.
Furthermore, it was agreed that in NR, random access is supported at least for (1) initial access from RRC_IDLE, (2) RRC connection re-establishment procedure, (3) handover, (4) DL data arrival requiring random access procedure, (5) UL data arrival requiring random access procedure and (6) transition from RRC_INACTIVE to RRC_CONNECTED. The triggers applicable from connected mode include (2), (3), (4) and (5). 

NR MAC will also support multiple TTI durations to enable service differentiation between e.g. URLLC and eMBB traffic. In RAN2#98, it was agreed that multiple SR configurations can be configured to the UE, and which SR configuration is used depends on the LCH that triggers the SR. This design allows the network to immediately provide a grant suited to the traffic requirements of the UE.

For NR, provision of multiple RACH configurations to a UE could be motivated by the following:
A) To implicitly indicate UE requirements, allowing network to immediately provide suitable resources 
· By partitioning preamble resources, e.g. within same or between different frequency regions of a carrier
B) To control latency of random access procedure as a function of UE requirements
· By providing more or less resources in time domain for PRACH
· By configuring control resource set with short TTI for monitoring random access response 

· By configuring different levels for power ramping step and/or initial received target power
C) To prioritize between different RACH in case of congestion over RACH [5]
· By configuring shorter or longer backoff as a function of UE requirements
The relevance of these potential benefits should be analyzed for the different possible triggers for RACH.

Data arrival requiring random access procedure

During RAN2#98, discussions about support for multiple RACH configurations were centered around the case where random access is triggered by UL data arrival (e.g., RA-SR). It was mentioned that D-SR can be used if a tight scheduling latency requirement exists for a logical channel, and this is achievable by not letting the timing advance timer expire for a UE configured with such a logical channel. Given this possibility, it may not be critical to enable reduction of the latency of RA-SR for the case of data arrival (UL or DL) for low latency traffic. However, this may be useful if the network does not want to always maintain time alignment for all UEs requiring low latency for a logical channel. This type of operation may be possible if the RACH configuration applicable to low latency has sufficient resources in the time domain (e.g. comparable to SR resources on PUCCH).
Mobility in connected mode
On the other hand, random access can also be triggered by a mobility event in connected mode, which includes RRC re-establishment and handover. 

In the case of RRC re-establishment it could be considered that improving the latency of the random access procedure is not particularly useful since a UE that needs to perform re-establishment is likely already not meeting any low latency requirement.

The situation is different for the case of handover, since NR is required to support zero (or very low) interruption time at handover including for URLLC traffic. This is achievable if a UE can use a RACH configuration with frequent PRACH resources (in the time domain) and sufficiently aggressive power settings. In case the target gNB does not have a dedicated preamble available, partitioning of preamble resources also allows the network to immediately provide a suitable grant (i.e., using the right TTI). 
Observation: Support for multiple RACH configurations in a cell may be needed to meet URLLC requirements at handover.
In LTE, the RACH configuration of the target cell is provided in the handover message as part of the system information of the target cell. Assuming that a similar approach is taken in NR, the UE should obtain at least the RACH configuration applicable to idle mode (i.e., the “default” RACH configuration) through this mechanism. If the UE is configured with a logical channel requiring low latency, the handover message can include in addition a RACH configuration supporting low latency. The handover message can also include (as in LTE) a dedicated preamble if available.
In view of the above discussion, we think that at least the following parameters should be differentiated between the different RACH configurations to ensure faster RACH procedure for UEs requiring low latency:
· Set of preamble resources (including frequency region and time domain)

· Control resource set (CORESET) on which PDCCH is monitored for random access response

· Power ramping step and initial received target power
Additional parameters such as backoff parameters can also be differentiated in case congestion over RACH is considered a significant problem.
Proposal 1: A UE can be configured with an additional RACH configuration by dedicated signaling (i.e. at least in handover message)
Proposal 2: The additional RACH configuration supports independent values of the following parameters:

· Set of preamble resources

· Control resource set on which PDCCH is monitored for random access response

· Power ramping step and initial received target power
4 Conclusions
This contribution discusses enhancements to RACH related to service differentiation and prioritization. The following proposals are made:
Proposal 1: A UE can be configured with an additional RACH configuration by dedicated signaling (i.e. at least in handover message)
Proposal 2: The additional RACH configuration supports independent values of the following parameters:

· Set of preamble resources

· Control resource set on which PDCCH is monitored for random access response

· Power ramping step and initial received target power
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