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1. Introduction
An objective of the 5G study item ‎[1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913‎[2].
This contribution discusses the random-access procedure, specifically the following issues are addressed:

· Power ramping options for RACH preamble retransmissions in 4-step RACH procedure.
· Random access procedure with multiple TRPs.

· Scheduling of the RAR message.

· RACH procedure in connected state.
In RAN1#AH1_NR, the following agreements were made‎[3]:
	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



2. Discussion
2.1. On Power Ramping Options

Per RAN1 NR AH agreements, for a RACH preamble retransmission, the UE supports power ramping. The preamble transmission power is the sum of a reference preamble transmit power 
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, which is a function of the most recent path loss (PL), and a power offset determined by the preamble transmission counter
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The preamble transmit power can’t exceed the maximum UE transmit power level. In a single beam system, the power ramping counter keeps incrementing with each retransmission. This is similar to the LTE power ramping procedure for RACH preamble retransmissions.

In a multi-beam system, if the UE doesn’t get the RAR corresponding to the RACH preamble transmission, different UE behaviors are possible as follows:

1) UE performs power ramping (i.e. increments the power ramping counter) and uses the same beam for the new preamble transmission.

a. This applies in case the UE has Tx/Rx beam correspondence

b. This can also apply in case the UE doesn’t have Tx/Rx beam correspondence, but selects a beam and performs power ramping on that beam’s retransmissions. If the maximum RACH preamble transmission power is reached, the UE selects a new beam and resets the power ramping counter to 1.
Proposal #1: If the UE increments the power ramping counter until the preamble reaches maximum UE transmit power. The UE resets the power ramping counter when selecting a new beam.
2) UE changes the UL TX beam for each preamble transmission. In this case, there are three alternatives for controlling the power ramping counter:
a. Power ramping counter is reset to 1
b. Power ramping counter is unchanged from the previous transmission.
c. Power ramping counter continues to increment from the previous transmission.

The UE beam selection is determined by the UE implementation. However, the power ramping procedure has an impact on the interference level caused by RACH. Accordingly, the UE should follow pre-define power ramping rules to minimize interference.

In the case of a preamble retransmission on a new beam, this is an indication that the previous preamble has not been received, and no RAR was sent to the UE. Beam switching may potentially increase (or decrease) link quality much more than power ramping up when beam switching results alignment with RX beam at gNB. That also holds for interference seen at neighboring (not target) gNBs’ receiver, i.e. UE’s beam switching may cause strong interference at neighboring gNB’s receiver. If the beam switching is coupled with power ramp up the potential interference impact is amplified. Thus, it’s seen more feasible that when UE changes its TX beam the counter of power ramping would remain unchanged.
Observation#1: Continuing to increase the power ramping counter while changing the UE’s UL Transmit beam, can significantly increase the PRACH interference.

Proposal#2: If the UE conducts beam switching the power ramping counter remains unchanged. 

2.2. Random Access Procedure with multiple TRPs

In NR, the coverage area of a single cell can be supported by multiple TRPs. When the UE transmits its preamble, this can be received by multiple TPRs belonging to the same cell.

· In case the TRPs have ideal backhaul (BH), and there is sufficient time to coordinate the RAR response, a single RAR is sent to the UE.

· In the case of non-ideal BH between the TRPs, there is no time to co-ordinate the RAR transmissions. Hence, each TRP sends an independent RAR message to the UE, within the RAR window. This is shown in Figure 1. The UE should continue to listen to all RAR messages sent within the RAR window.
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Figure 1: RACH Procedure in case of multiple TRPs with non-ideal backhaul (BH).
Observation#2: In case of non-ideal backhaul between the TRPs, multiple RAR messages are sent to the UE for the same preamble within the RAR window.
Proposal #3: The UE should continue to listen to all RAR messages sent within the RAR window for the same preamble.

To assist the UE in determining which TRP to respond to with RACH message 3, in case it receives more than one RAR, each TRP measures the quality of the RACH preamble signal and feeds back this information to the UE in the RAR message. The UE uses the RAR that has the best RACH preamble signal quality metric for subsequent RACH message 3 transmissions. The signal quality metric could be the RACH preamble signal power, the RACH preamble signal-no-noise ratio or some other metric.
Proposal #4: gNB/TRP provides a signal quality metric in the Random Access Response, to allow the UE to select the RAR associated with the TRP that has the best RACH preamble signal quality metric.
2.3. Scheduling of the RAR message

In LTE, the RAR message is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH. We propose that for NR, we have a similar scheme.

Proposal #5: In NR, the Random Access Response (RAR) message is transmitted on the NR PDSCH channel. The scheduling of the RAR is indicated to the UE using a DCI on NR PDCCH.
2.4. On PRACH procedure in connected state
Contention-based PRACH in connected state is considered to follow the same procedure and functionality as in initial access, i.e. there would be one-to-one mapping between RACH occasion and RAR. However, in contention-free PRACH a certain UE is configured with PRACH resources which may enable the UE to transmit multiple/repeated preambles e.g. for enabling RX sweeping at the gNB to determine suitable UL RX beam for the UE. Then without any ambiguity the gNB could send only one RAR corresponding to the multiple/repeated preambles during which gNB tries different RX beams. The UE may be configured with PRACH preamble resources that are not consecutive in time domain, in this case also, there could be only one RAR for the multiple transmitted preambles.
Proposal#6: For contention-free PRACH in connected state support associating multiple PRACH occasions from one UE and RAR.
3. Conclusions
This is a summary of the observations and proposals made in this paper.
Proposal #1: If the UE increments the power ramping counter until the preamble reaches maximum UE transmit power. The UE resets the power ramping counter when selecting a new beam.

Observation#1: Continuing to increase the power ramping counter while changing the UE’s UL Transmit beam, can significantly increase the PRACH interference.

Proposal#2: If the UE conducts beam switching the power ramping counter remains unchanged. 

Observation#2: In case of non-ideal backhaul between the TRPs, multiple RAR messages are sent to the UE for the same preamble within the RAR window.

Proposal #3: The UE should continue to listen to all RAR messages sent within the RAR window for the same preamble.

Proposal #4: gNB/TRP provides a signal quality metric in the Random Access Response, to allow the UE to select the RAR associated with the TRP that has the best RACH preamble signal quality metric.
Proposal #5: In NR, the Random Access Response (RAR) message is transmitted on the NR PDSCH channel. The scheduling of the RAR is indicated to the UE using a DCI on NR PDCCH.
Proposal#6: For contention-free PRACH in connected state support associating multiple PRACH occasions from one UE and RAR.
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