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1. [bookmark: _GoBack]Introduction
In recent meetings, multiple PRACH transmissions have been being discussed in RAN1. Some of the relevant agreements are listed below for reference.
	RAN1 NR AdHoc #1:
Agreement:
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

RAN1#88:
Agreements:
· Regarding multiple/repeated PRACH preamble formats, NR at least supports option 1
· 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
· FFS : Number of Preambles/Symbols, Length of CP/GT 
· The region for PRACH transmission should be aligned to the boundary of uplink symbol/slot/subframe

In RAN1#88bis, PRACH power ramping schemes were discussed with PRACH beam switching taking into accounted. 
In RAN1 AdHoc #2, there are the following agreements
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access
· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 
· 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.




There has also been a related agreement in RAN2#98 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 in RAN2. 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 when multiple PRACH transmission is necessary for contention based random access for RRC_connected UE in one NR cell. 
1. [bookmark: _Ref178064866]Discussion
For multiple PRACH transmission, no matter the PRACH is transmitted repeatedly with the same beam or different beams (i.e. beam sweeping), multiple PRACH transmission will take more radio resources than single PRACH transmission. Assuming multiple PRACH transmission is conducted in time domain, Figure 1 compares the PRACH resource consumption between single PRACH transmission attempt and multiple PRACH attempts with the same frequency of random access opportunity. 

[bookmark: _Ref483571944][bookmark: _Ref484699989]Figure 1 Resource consumption comparison between single and multiple PRACH transmissions
[bookmark: _Toc483577038][bookmark: _Toc484009748][bookmark: _Toc484009856][bookmark: _Toc484079171][bookmark: _Toc484790799][bookmark: _Toc485040234][bookmark: _Toc485306927][bookmark: _Toc485418790]The radio PRACH resource consumption increases proportionally with the maximum number of PRACH transmission attempts
[bookmark: _Toc483577112][bookmark: _Toc483986570][bookmark: _Toc483986601][bookmark: _Toc484009743][bookmark: _Toc484009833][bookmark: _Toc484009851][bookmark: _Toc484009954][bookmark: _Toc484009989]The increased need for PRACH resources due to multiple PRACH transmission attempts, results in wasted radio resources in case of heavy DL traffic but no UL traffic since the base station must be listening in the UL during the allocated PRACH occasions. Figure 2 shows example of radio resource waste because the large PRACH window restricts the flexible UL/DL direction switch of a slot.

[bookmark: _Ref484698911]Figure 2 Example of radio resource waste due to large PRACH transmission window
[bookmark: _Toc484079175][bookmark: _Toc484079459][bookmark: _Toc484079665][bookmark: _Toc484762441][bookmark: _Toc484763521][bookmark: _Toc484772707][bookmark: _Toc484772719][bookmark: _Toc484772753][bookmark: _Toc484772773][bookmark: _Toc484790787][bookmark: _Toc484790803][bookmark: _Toc484790865][bookmark: _Toc484791040][bookmark: _Toc485040238][bookmark: _Toc485306934][bookmark: _Toc485418793][bookmark: _Toc489611183][bookmark: _Toc490223022]Optimization of radio resource consumption due to multiple PRACH transmission should be considered in RAN 1.
The radio conditions for the RRC_connected UE (e.g. inactive, active but out-of-sync, an active UE switching to another beam/TP/cell, same meaning herein after) when initiating the random access procedure must be considered. For UE in good radio condition, the propagation loss to the base station can be compensated with enough TX power and the UE access the network using a single PRACH transmission with a wide TX beam. However, UE in bad radio conditions require using narrow a TX beam for the PRACH transmission to be successfully received in the base station. Also, the beam correspondence capability of UE needs to be considered. A UE without beam correspondence cannot exactly determine the correct transmit direction to use based on the measurement of the received signal (e.g. SS block beams, CSI-RS beams). Then, in bad radio conditions, the UE needs to perform beam switching and try different transmission directions using narrow beams. A UE with beam correspondence can determine the transmission direction based on the measurement of the broadcast beams and needs only single PRACH transmission attempt before the end of the RAR window. 
[bookmark: _Toc483577041][bookmark: _Toc484009751][bookmark: _Toc484009859][bookmark: _Toc484079174][bookmark: _Toc484790802][bookmark: _Toc485040237][bookmark: _Toc485306930][bookmark: _Toc485418791]In bad radio conditions, a UE without beam correspondence need multiple PRACH transmissions attempts to allow beam sweeping
To fulfil the requirements in different conditions and save PRACH resource consumption, one solution is to configure two types of PRACH resources in one cell: PRACH resources with single PRACH transmission opportunity and PRACH resources with multiple PRACH transmission opportunities. The UE shall select the PRACH resource according to a preconfigured policy.

[bookmark: _Ref483575385]Figure 3 Multiple types of PRACH resource configuration
Figure 3 shows example of two types of PRACH radio resource with two PRACH configurations in one NR cell: type A for single PRACH transmission opportunity and type B for multiple PRACH transmission opportunities. An RRC_connected UE which need multiple PRACH transmission attempts shall select the PRACH resource type B for PRACH transmission. For another RRC_connected UE for which single PRACH transmission is enough, it can select PRACH resource type A for PRACH transmission. Compared to Figure 1, the total amount of PRACH slots is reduced clearly by configuring two types of PRACH resource and allowing the UE to select the PRACH resource type for PRACH transmission: there is only one PRACH resource set of type B within every 4 PRACH resource sets.
[bookmark: _Toc484079176][bookmark: _Toc484079460][bookmark: _Toc484079666][bookmark: _Toc484762442][bookmark: _Toc484763522][bookmark: _Toc484772708][bookmark: _Toc484772720][bookmark: _Toc484772754][bookmark: _Toc484772774][bookmark: _Toc484790788][bookmark: _Toc484790804][bookmark: _Toc484790866][bookmark: _Toc484791041][bookmark: _Toc485040239][bookmark: _Toc485306935][bookmark: _Toc485418794][bookmark: _Toc489611184][bookmark: _Toc490223023][bookmark: _Toc483577114][bookmark: _Toc483986571][bookmark: _Toc483986602][bookmark: _Toc484009744][bookmark: _Toc484009834][bookmark: _Toc484009852][bookmark: _Toc484009955][bookmark: _Toc484009990]For contention based random access of RRC_connected UE, two types of PRACH resources can be configured simultaneous in one cell:
a. [bookmark: _Toc484079177][bookmark: _Toc484079461][bookmark: _Toc484079667][bookmark: _Toc484762443][bookmark: _Toc484763523][bookmark: _Toc484772709][bookmark: _Toc484772721][bookmark: _Toc484772755][bookmark: _Toc484772775][bookmark: _Toc484790789][bookmark: _Toc484790805][bookmark: _Toc484790867][bookmark: _Toc484791042][bookmark: _Toc485040240][bookmark: _Toc485306936][bookmark: _Toc485418795][bookmark: _Toc489611185][bookmark: _Toc490223024]PRACH resource type with single PRACH transmission opportunity
b. [bookmark: _Toc484079178][bookmark: _Toc484079462][bookmark: _Toc484079668][bookmark: _Toc484762444][bookmark: _Toc484763524][bookmark: _Toc484772710][bookmark: _Toc484772722][bookmark: _Toc484772756][bookmark: _Toc484772776][bookmark: _Toc484790790][bookmark: _Toc484790806][bookmark: _Toc484790868][bookmark: _Toc484791043][bookmark: _Toc485040241][bookmark: _Toc485306937][bookmark: _Toc485418796][bookmark: _Toc489611186][bookmark: _Toc490223025]PRACH resource type with multiple PRACH transmission opportunities
According to the agreements from the last meeting, for contention based access, there can be an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices, wherein the relevant signalling design is FFS. When there are multiple PRACH resource type, such association should be configured for each PRACH resource type respectively. If a PRACH resource type is used for both idle UE and RRC_connected UE, the signalling to configure the said association relationship is included in the RMSI. If a PRACH resource type is only used for RRC_connected UE, the signalling to configure the said association relationship can be conveyed either via on-demand other SI or UE specific RRC signalling.  
[bookmark: _Toc489611187][bookmark: _Toc490223026]For PRACH resource type dedicated for RRC_connected UE, the association relationship between an SS block and RACH resources and/or preamble indices is conveyed via UE on-demand SI or UE specific signalling

When multiple PRACH resource type is configured in one cell, signaling methods, relevant parameters and how a RRC_connected UE selects the PRACH configurations needs to be specified. For details, please refer to the companion paper in RAN2 [1].

Conclusion
In Section 2 we made the following observations:

Observation 1	The radio PRACH resource consumption increases proportionally with the maximum number of PRACH transmission attempts
Observation 2	In bad radio conditions, a UE without beam correspondence need multiple PRACH transmissions attempts to allow beam sweeping
Based on the discussion in Section 2 we propose the following:
Proposal 1	Optimization of radio resource consumption due to multiple PRACH transmission should be considered in RAN 1.
Proposal 2	For contention based random access of RRC_connected UE, two types of PRACH resources can be configured simultaneous in one cell:
a.	PRACH resource type with single PRACH transmission opportunity
b.	PRACH resource type with multiple PRACH transmission opportunities
Proposal 3	For PRACH resource type dedicated for RRC_connected UE, the association relationship between an SS block and RACH resources and/or preamble indices is conveyed via UE on-demand SI or UE specific signalling
 
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref484763471]R2-1707129, “On Multiple PRACH Resource Type in NR”, Ericsson
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