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1. Introduction

Followings are the agreements on RACH procedure considering multiple beam operations in RAN1 #87: 

	Agreements:
· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching

· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

· Other options for all frequency ranges are not precluded.

Agreements:
· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.

Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
Agreements: 

· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.
· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded

Agreements:
· RAN1 studies further on

· the support of different RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal

· FFS: whether other parameters of each RACH resource subset can be different

· FFS: How the different RACH resource subset size information is conveyed to UE

· the support of same RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal and non-uniform transmission of DL broadcast channel/signal across different directions in a multi-beam scenario

· Other mechanisms to load balance RACH resource subset is not precluded


Based on the agreements above, we discuss general RACH procedure in multiple scenarios. 
2. Discussion
RACH procedure in multiple-beam scenarios is quite different than that of single beam scenarios as in LTE system. One of main factor that affects whole RACH procedure is beam correspondence at TRP and/or UE, which affect preamble transmission methods, PRACH resource configuration and etc. Details in elaborated in [1]. TRP and UE behaviours for PRACH preamble transmissions depending on beam correspondence are summarized as follows: 

· If beam correspondence holds at TRP and UE, UE may choose single preamble transmission

· If beam correspondence at UE side does not hold, UE may choose multiple preamble transmissions with CP/GT and possibly different beam directions at every preambles, i.e. beam sweeping 

· Preambles here can be the same or different 

· If beam correspondence at TRP side does not hold, UE may chooses repeated preamble transmission with CP/GT only starting and ending, i.e. repetition
· Beam scanning may be assumed at TRP side
· RACH resource that is spent for PRAH preamble transmission is increased if beam correspondence does not hold 

RACH resource selection criteria

It is agreed that RACH resource is associated with DL broadcast/signal. If the DL broadcast signal is beam-formed transmitted and the associated RACH resource implies that a specific beam direction is assumed per RACH resource in terms of PRACH preamble transmission at UE side and reception at TRP side. Based on the measurement of each SS block index, UE should choose its RACH resource to transmit PRACH preamble on it. Possibly, selection of RACH resource can be based on the M-RS(Measurement RS) in idle mode, load information per SS block if exists, earliest timing of RACH resource, and etc. UE have to decide its best received SS block index (beam direction) and corresponding RACH resource. Multiple RACH resource per UE can be available for PRACH trial and whether/how to utilize multiple RACH resource should also be discussed. UE may down-select its RACH resources as candidates for PRACH trial based on the associated the best N received MRS RSRP or a set within a certain range of MRS-RSRP from the best received MRS-RSRP. We consider that baseline is to allow a single RACH procedure per UE, however there can be a network signalling if the network allows multiple RACH procedure simultaneously. 

Proposal 1: Selection of RACH resource can be based on the M-RS(Measurement RS) in idle mode.

Proposal 2: Baseline is to allow a single RACH procedure per UE

RACH resource configuration and preamble formats
As discussed in the above, if beam correspondence does not hold at UE side and RACH resources for the UE for the purpose of preamble beam sweeping should be separately assigned, which might cause network resource inefficiency. Therefore, it would be rather preferable to give some penalty to the UE without beam correspondence; otherwise it looks like other UEs with beam correspondence get some penalty. 

RACH resource configuration includes the size of the RACH resource possibly by means of repetition number of PRACH preamble based on a specific PRACH preamble format. Network may command PRACH preamble repetition for the purpose of coverage extension and/or beam scanning at TRP side in order to find best receiving direction of PRACH preamble. In other words, there can be multiple PRACH preamble formats with different length of CP and preamble and network signals a specific PRACH preamble format which indicates CP length and preamble length, and also signals the number of repetition of PRACH preamble which enables beam scanning and energy accumulation at TPR side. In order to accumulate the received repeated PRACH preamble energies, each preamble should be transmitted consecutively in time domain. RACH resource configuration and the preamble transmission we have in mind are briefly shown in Figure 1. 
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Figure 1. RACH resource and PRACH preamble transmission
Proposal 3: NR RACH design should not be optimized considering UEs without beam correspondence. 
Proposal 4: A RACH resource is composed by a CP length based on preamble format and the number of repetition signalled from RACH configuration

Proposal 5: PRACH preamble repetition is for the purpose of both of coverage extension and beam scanning at TRP side. 

In our view, UE’s beam direction during PRACH preamble repetition/transmission within the same RACH resource should be kept until msg. 3 transmission. Since UE’s received direction is determined by the selection of RACH resource which is associated with DL broadcast signal/channel and the direction of RAR reception is also determined by the DL broadcast signal/channel. Given the UE without beam reciprocity has some penalty in terms of initial access latency, it is assumed that UE is able to determine its transmission beam direction on a specific RACH resource. Therefore, no additional signalling on the msg. 3 transmission direction is required in RAR. 
Proposal 6: Since UE’s received direction is determined by the selection of RACH resource, no additional signalling on the msg. 3 transmission beam direction is required in RAR. 

PRACH preamble retransmission

As we consider multiple beam environments and multiple RACH resources in NR, it would be better to have a common understanding on a single PRACH preamble attempt and PRACH preamble retransmission. PRACH preamble transmission over a RACH resource is a single PRACH preamble attempt and the repetition (or beam sweeping if supported) within a RACH resource is assumed a single PRACH preamble attempt. Rather, PRACH preamble attempt on the different RACH resource or different occasion should be assumed as another RACH preamble attempt, which can be understood as a PRACH retransmission. Of course, UE is only allowed to try PRACH preamble retransmission unless RAR received within a defined RAR window. 

PRACH power control

In the previous meeting, RAN1 discussed on PRACH retransmission whether PRACH preamble transmission power is ramped up or PRACH resource is switched or PRACH transmission beam is switched. 

Open loop power control formula for PRACH preamble in LTE is determined based on the following criteria;
1. A preamble transmission power PPRACH is determined as 
PPRACH = min{
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 is the downlink path loss estimate calculated in the UE for serving cell 
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2. set PREAMBLE_RECEIVED_TARGET_POWER to preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;

In a single UE perspective, PREAMBLE_TRANSMISSIO_COUNTER should be one over multiple RACH resources since this may provide fairness among UEs in terms of PRACH preamble trials. In other words, whether UE switches RACH resource for its PRACH preamble retransmission or not, transmission power should be ramp-up based on the increase of PRAMBE_ TRANSMISSION_COUNTER. On the other hand, if the UE switches RACH resource for its PRACH preamble retransmission, since the estimated downlink pathloss per SS block is generally different and the UL pathloss compensation should be done per RACH resource. With these two basis on the PRACH preamble power control, it should be UE choice whether the UE choose different RACH resource or not for its PRACH preamble transmission. 

Proposal 7: PRAMBE_ TRANSMISSION_COUNTER should be per UE irrespective of which RACH resource is used for the PRACH preamble transmission and the DL pathloss for OLPC should be estimated per RACH resource. 

Proposal 8: It should be UE choice whether the UE choose different RACH resource or not for its PRACH preamble transmission
3. Conclusion 
We discussed RACH procedure when Tx/Rx reciprocity holds at TRP and UE and the following observations are made: 
Proposal 1: Selection of RACH resource can be based on the M-RS(Measurement RS) in idle mode.

Proposal 2: Baseline is to allow a single RACH procedure per UE

Proposal 3: NR RACH design should not be optimized considering UEs without beam correspondence. 
Proposal 4: A RACH resource is composed by a CP length based on preamble format and the number of repetition signalled from RACH configuration

Proposal 5: PRACH preamble repetition is for the purpose of both of coverage extension and beam scanning at TRP side. 

Proposal 6: Since UE’s received direction is determined by the selection of RACH resource, no additional signalling on the msg. 3 transmission beam direction is required in RAR. 

Proposal 7: PRAMBE_ TRANSMISSION_COUNTER should be per UE irrespective of which RACH resource is used for the PRACH preamble transmission and the DL pathloss for OLPC should be estimated per RACH resource. 

Proposal 8: It should be UE choice whether the UE choose different RACH resource or not for its PRACH preamble transmission
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