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Introduction  
The following agreements were made in RAN2#97bis regarding Random Access in NR:

	-
The random access procedure in NR is supported at least for the following events:

(1)
Initial access from RRC_IDLE;

(2)
RRC Connection Re-establishment procedure;

(3)
Handover;

(4)
DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";

(5)
UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.

(6)  Transition from RRC_INACTIVE to RRC_CONNECTED

-
In NR the random access procedure on SCell can be supported if multiple TAs are supported as in LTE

-
The random access procedure in NR is performed on at least PSCell upon SCG addition/modification, if instructed, or upon DL/UL data arrival during RRC_CONNECTED requiring random access procedure. The UE initiated random access procedure is only performed on PSCell for SCG as in LTE

-
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




This contribution focuses on partitioning of RACH resources and numerology aspects of random access in NR.

PRACH resource partitioning

In LTE, the number of available PRACH preambles for transmission in msg1 is divided into two groups, A and B. The number of available preambles in each group for the UE to transmit is conditional on specific configuration in SIB2. The UE selects the preamble to transmit from one of these two groups for transmission based on, among other factors, whether msg3 size is larger than messageSizeGroupA [1]. The main reason for doing this is to implicitly indicate to the eNB some information about the subsequent msg3 size, so it can allocate a grant of the appropriate size. Furthermore, SIB2 also carries information on the time and frequency resources to be used for msg1 transmissions. Specifically, the parameter prach-ConfigurationIndex determines the subframe and system frame numbers to be used, while prach-FrequencyOffset determines the frequency resources [2]. Since these parameters are configurable by the network, this allows many concurrent random access procedures within a cell by providing diversity in the time, frequency and preamble domain.
The following agreement was made in RAN1#88bis regarding random access procedure:

	Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling

· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam


This association would allow the gNB to determine the best DL beam to use for msg2 transmission to a UE. Consequently, this would limit the amount of PRACH resources that can be used for partitioning to serve other purposes. Given that there are a limited number of preambles available to transmit in a cell and that RAN1 has not yet made any agreements on increasing at least the number of preambles for NR (compared to LTE), any further subdivision of available preambles and quantization based on msg3 size would lead to inefficiency in the random access procedure. This is due to each preamble group shrinking in size, leading to an increase in collisions.
While further granularity of msg3 might be useful in NR (e.g. data transmission during transition from inactive to connected state), it needs to be motivated before further partitioning is performed. If required, partitioning of resources in time or frequency domain can, to some extent, allow for flexible grouping based on msg3 size. Each UE can choose the appropriate time/frequency resource to transmit msg1 based on configured parameters in system information and the msg3 size. Therefore, if required, further partitioning based on msg3 size (compared to 2 partitions in LTE) can be performed using PRACH time/frequency domain grouping without the need to introduce more PRACH preamble groups.
Proposal 1:
Time/frequency/preamble domain partitioning of PRACH resources can be configured to provide more information to the gNB about msg3 size, if further granularity in msg3 size (compared to LTE) is supported.
Another proposed use case for PRACH resource partitioning is an implicit indication of UE’s desired numerology or TTI, with the aim of indicating the service priority that initiates SR using random access. Based on above discussion, it can be argued that due to limited PRACH resources and the fact that the subsequent BSR in this case can provide, for example, the required TTI for the available UL data, further partitioning of RACH resources is not necessary in this case. Therefore, there needs to be further motivation of the use cases for PRACH resource partitioning beyond msg3 size indication.

Proposal 2:
PRACH resource partitioning for other purposes, e.g. indicating desired numerology and/or TTI is not used. 

Random Access Numerology
One of the agreements made in the last meeting regarding mixed numerologies was:

Agreement

1
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.

When performing random access in either idle or connected mode, there are two issues to address: 

1) Does the numerology remain the same throughout the entirety of the random access procedure?

2) Should random access in idle mode and connected mode use the same numerology?

Regarding 1), we think that using a fixed numerology for random access should be supported. Switching numerology during RA procedure necessitates additional signalling of PRACH configuration per numerology. This introduces additional complexity and also imposes additional timing constraints for initial access.

Regarding 2), using the same numerology for idle and connected mode should be supported, since UEs in either mode are going to use the same PRACH resources (per cell configuration). Furthermore, it is also possible that the same PDCCH/PDSCH resources are used for transmitting the RARs for both idle and connected mode UEs. Since minimum SI will most likely be used to indicate PRACH resources for the UE to use as well as PDCCH/PDSCH numerologies, for efficient resource utilization, we propose using the same numerology for both IDLE and CONNECTED mode UEs.

As far as details on the actual numerologies are concerned, we propose to leave that to RAN1.
Proposal 3:
Same numerology is used for UEs in IDLE and CONNECTED mode during the random access procedure. For each message, e.g., Msg1, Msg2, etc., a single numerology is used per cell. Details on numerologies is up to RAN1’s decision.
Conclusion

This contribution discusses the use of PRACH resource partitioning in NR as well as a discussion on numerology of random access. In that regard, the following is proposed:

Proposal 1:
Time/frequency/preamble domain partitioning of PRACH resources can be configured to provide more information to the gNB about msg3 size, if further granularity in msg3 size (compared to LTE) is supported.
Proposal2:
PRACH resource partitioning for other purposes, e.g. indicating desired numerology and/or TTI is not used. 
Proposal 3:
Same numerology is used for UEs in IDLE and CONNECTED mode during the random access procedure. For each message, e.g., Msg1, Msg2, etc., a single numerology is used per cell. Details on numerologies is up to RAN1’s decision.
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