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1. Introduction

Agreements on four-step RACH procedure in RAN1 NR adhoc meeting are as follows: 
	Agreed Definition:

· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 
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
Agreement:

For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation


Based on the agreements above, we discuss general RACH procedure in multiple scenarios. 
2. Discussion
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 SS-block-RSRP 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. There should be a function that the network is able to balance loads among different beams by means of e.g., signalling load information per RACH resource so that the network let UEs access or not access to a specific RACH resource. 
Proposal 1:RACH resource selection is based on the SS-block-RSRP.

Multiple RACH/RACH
According to the agreements 4-stetp RACH procedure, NR supports a single Msg.1 transmission before the end of a monitored RAR window. Regarding multiple Msg. 1 transmission before the end of the monitored RAR window, it can be supported if need arises. Based on the proposals supporting multiple Msg. 1 transmissions [1-3], multiple Msg. 1 transmission can be regarded as multiple RACH procedures per UE: multiple Msg.1 transmission and possibly multiple RAR transmissions per UE. 
The motivations of multiple RAR transmission are elaborated in [3]. Firstly, one of the motivations for multiple RAR transmissions that has been proposed is described in the following figure due to preamble collision within same RACH resource with different Tx beam. However, this case is merely a collision among UEs during msg.1 and this can be resolved via collision resolution. 
Second motivation discussed during the RAN1 NR adhoc meeting is to support multiple TRPs[3]. It is assumed that both TRP1 and TRP2 receive the same Msg1, but there is not enough time to coordinate the response. Therefore, it is proposed that both TRPs transmit a response each, however, in case of non-ideal backhaul among TRPs, it is not necessarily to share the RACH resource or RACH preambles.  
If UE transmits multiple Msg.1, network may response with RAR per Msg. 1, i.e. multiple RARs per UE, though the network is not able to distinguish whether these multiple Msg. 1 are from a single UE or not. In case network transmits multiple RARs per UE, or per beam or preamble, network assigns multiple UL resources for msg. 3, however, rest of scheduled UL resources is not used for actual msg. 3 transmission, if UE selects a single RAR from multiple RARs.

RACH occasion and RAR window

RACH occasion is defined per RACH resource which is associated with the SS-block index and several of consecutive RACH occasions are to be reserved in time domain and the RACH occasions can share single RAR windows for RAR receptions. RACH occasion size in time and frequency can be different per PRACH preamble format per RACH resource (e.g. SS block). 
PRACH power control

Though the initial transmission power setting is up to the network but in order to provide fairness of initial access for UEs within the cell coverage open loop power control should be supported. 

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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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. 
Proposal 2: PRAMLBE_ 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 3: 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 and proposed as follows: 
Proposal 1: RACH resource selection is based on the SS-block-RSRP.

Proposal 2: PRAMBLE_ 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 3: It should be UE choice whether the UE choose different RACH resource or not for its PRACH preamble transmission
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