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1. Introduction
In recent meetings, multiple PRACH transmissions have been being discussed in RAN1. Some of the relevant conclusions are listed below for reference.
In RAN1-87 AdHoc meeting [1], there were the following agreements regarding multiple PRACH transmission:
· For 4-step RACH procedure, 
· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises

In RAN1-88 conference [2], there are further the following agreements regarding multiple PRACH transmission:
· RAN1 studies other options and consider option 1 as baseline for comparison with other options
· For RACH capacity enhancements, 
· Option 2 with/without OCC and/or option 4 with different sequences can be considered
· Note: for option 4, combination with different sequences can be studied
· Note: for option 4, two-stage or multiple-stage UE detection can be studied for possible complexity reduction for PRACH detection
· All options will consider beam switching time


In RAN1-88bis [3], PRACH power ramping schemes were discussed with PRACH beam switching taking into accounted. 

There has also been a related agreement in RAN2#98[4], where it was agreed that
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.

Due to the tight schedule, a single PRACH configuration is agreed for initial access of idle UE. However, for RRC_connected UE (active and inactive), the number of PRACH configurations is still open. This paper will discuss schemes to reduce the resource consumption/overhead when multiple PRACH transmission is necessary in one NR cell.
1. [bookmark: _Ref178064866]Discussion
[bookmark: _GoBack]In NR, beam forming with large antenna array is used to compensate the high path loss at high carrier frequency. Beamforming training is used to tune the transmitter to send the beam and the receiver to receive the beam. However, for random access, good beam training is not available yet. In order to conquer the problem of beam misalignment between gNB receiver and the UE transmitter for PRACH transmission, multiple PRACH transmission with beam switching will be introduced for NR. With multiple PRACH transmission, the UE can try different direction for PRACH transmission using different beams and it is expected that at least one beam can reach the gNB receiver. When multiple PRACH transmission is enabled, the PRACH resource size is increased proportionally to the maximum number of PRACH transmission opportunities of one PRACH resource set. However, for certain RRC_connected UE (e.g. inactive UE, active but out-of-sync UE, active UE being switching to another TRP or beam), multiple PRACH transmission is not always needed. For instance, a UE in good radio condition only need transmit PRACH once with wide beam and a UE with reciprocity capability also only need to transmit PRACH once with the determined TX beam direction and (narrow or wide) beam width. Meanwhile, multiple PRACH transmission also restricts the UL-DL switch for scheduling, which can result in large resource waste when there is heavy downlink traffic but light UL traffic.  More detail analysis can be found in the companion paper [5].
[bookmark: _Toc484785208][bookmark: _Toc484785209][bookmark: _Toc484789642][bookmark: _Toc485116496]The PRACH resource consumption is proportional to the maximum number of PRACH transmission opportunities
[bookmark: _Toc484789643][bookmark: _Toc485116497]Not all UEs need multiple PRACH transmissions
In order to reduce the PRACH resource overhead or restriction at scheduling, multiple PRACH resource type in one cell is discussed in [5]:
· Resource type A: PRACH resources with single PRACH transmission opportunity
· Resource type B: PRACH resources with multiple PRACH transmission opportunities
[image: ]
[bookmark: _Ref484781336]Figure 1 Resource consumption comparison
Figure 1 compares the PRACH resource consumption assuming the same PRACH resource occurrence cycle. In Figure 1a, only resource type B is configured and all RRC_connected UEs shall perform random access using the resource type. In Figure 1b, there are both type A and type B resources, and the UE can select which type of PRACH resources are used for random access. There is type B resource set occurs once in every for PRACH resource set occurrences.
[bookmark: _Toc484785210][bookmark: _Toc484789644][bookmark: _Toc485116498]With multiple types of PRACH resources of different sizes, it is expected that the total amount of PRACH resources can be clearly reduced 
In NR, a UE may be kept in inactive state for a long time. An inactive UE may have occasional small data transmissions, which triggers PRACH transmissions. Considering that currently small data transmissions already takes a large part of the load in systems with high penetration of smart phones, PRACH resource consumption shall be carefully considered. Multiple PRACH resource type configuration provides the opportunity to select PRACH resources at random access.
In an ideal situation, it is expected that a RRC-connected UE can select the PRACH resource according to its radio condition and reciprocity capability and that both types of PRACH resources can be efficiently used. If the resource type selection (or PRACH configuration selection) is purely a UE behaviour, it could result in an unbalanced load of different types of PRACH resources, which increases the PRACH collision ratio. 
[bookmark: _Toc484785215][bookmark: _Toc484785371][bookmark: _Toc484785528][bookmark: _Toc484789550][bookmark: _Toc484789636][bookmark: _Toc485023487][bookmark: _Toc485023499][bookmark: _Toc485116499]For efficient use of multiple types of PRACH resources, the criteria to select the PRACH resource type shall be configured for a RRC_connected UE
According to the preceding discussion, the radio condition (e.g. RSRP or RSRQ) could be a good metric for PRACH resource type selection. For instance, a radio quality threshold can be configured in one cell. When the RSRP of an RRC_connected UE is higher than a configured threshold, it can be expected that a UE can reach the gNB via a single PRACH transmission using a wide TX beam. Hence, the UE shall under these conditions first select a PRACH resource with single PRACH transmission opportunity for random access. 
[bookmark: _Toc484785216][bookmark: _Toc484785372][bookmark: _Toc484785529][bookmark: _Toc484789551][bookmark: _Toc484789637][bookmark: _Toc485023488][bookmark: _Toc485023500][bookmark: _Toc485116500]The gNB can configure an RRC_connected UE to select PRACH resource type according to radio condition (e.g. RSRP/RSRQ)
As another example, the UE capability such as reciprocity capability shall also be considered. A UE with reciprocity can determine the direction to the gNB receiver based on the measurement of the downlink beams from the gNB. When the UE transmit PRACH with narrow beam, the UE may only need single PRACH transmission.
[bookmark: _Toc484785373][bookmark: _Toc484785530][bookmark: _Toc484789552][bookmark: _Toc484789638][bookmark: _Toc485023489][bookmark: _Toc485023501][bookmark: _Toc485116501]The gNB can configure an RRC_connected UE to select PRACH resource based on the reciprocity capability of the UE.
Regarding the signalling to configure the criteria for an RRC_connected UE, there could be multiple options. 
· Option 1: dedicated RRC signalling
For instance, the gNB can configure the criteria via RRC signalling when the gNB send the UE to inactive state or during the procedure of initial random access of the UE.
· Option 2: system information
The signalling to configure the criteria can be also carried by system information. It could be included in the remaining system information of minimum SI or on-demand system information. It could be preferred to carry such information in the remaining system information so that the UE can get the configuration in time.
[bookmark: _Toc484789553][bookmark: _Toc484789639][bookmark: _Toc485023490][bookmark: _Toc485023502][bookmark: _Toc485116502]RAN2 should consider the following two options to configure the PRACH resource type selection:
a. [bookmark: _Toc484789554][bookmark: _Toc484789640][bookmark: _Toc485023491][bookmark: _Toc485023503][bookmark: _Toc485116503]Option 1: dedicated RRC signalling
b. [bookmark: _Toc484789555][bookmark: _Toc484789641][bookmark: _Toc485023492][bookmark: _Toc485023504][bookmark: _Toc485116504]Option 2: system information

[bookmark: _Toc485023507][bookmark: _Toc485023508][bookmark: _Toc485023509]Conclusion
In Section 2 we made the following observations:
Observation 1	The PRACH resource consumption is proportional to the maximum number of PRACH transmission opportunities
Observation 2	Not all UEs need multiple PRACH transmissions
Observation 3	With multiple types of PRACH resources of different sizes, it is expected that the total amount of PRACH resources can be clearly reduced
Based on the discussion in Section 2 we propose the following:
Proposal 1	For efficient use of multiple types of PRACH resources, the criteria to select the PRACH resource type shall be configured for a RRC_connected UE
Proposal 2	The gNB can configure an RRC_connected UE to select PRACH resource type according to radio condition (e.g. RSRP/RSRQ)
Proposal 3	The gNB can configure an RRC_connected UE to select PRACH resource based on the reciprocity capability of the UE.
Proposal 4	RAN2 should consider the following two options to configure the PRACH resource type selection:
a.	Option 1: dedicated RRC signalling
b.	Option 2: system information
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref484591590][bookmark: _Ref484763421]Chairman notes, 3GPP TSG RAN WG1 Meeting #87ad
[bookmark: _Ref484417603][bookmark: _Ref484763435]Chairman notes, 3GPP TSG RAN WG1 Meeting #88 
[bookmark: _Ref484763445]Chairman notes, 3GPP TSG RAN WG1 Meeting #88bis
[bookmark: _Ref484417608][bookmark: _Ref484763455]Chairman notes, 3GPP TSG RAN WG2 Meeting #98
[bookmark: _Ref484763471][bookmark: _Ref484779484]R1-17xxxxx, Consideration of PRACH Configuration in NR
	1/4	
image1.png
Multiple PRACH transmission resource

/ .
- L - - | mm e
Period =T

a) Only type B resources are configured

Single PRACH transmission resource Multiple PRACH transmission resource

/ .
t r | | [ | [ | m e
Period =T Period =T

b) Both type B resources and Type A resources are configured





