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Introduction
The following agreements regarding random access procedures were made during RAN1#86bis meeting [1]: 
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of  “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
· When Tx/Rx reciprocity is not available, the the following could be further considered for at least UE in idle mode
· Whether or how to report DL Tx beam to gNB, e.g.,
· RACH preamble/resource
· Msg. 3
· Whether or how to indicate UL Tx beam to the UE, e.g., 
· RAR
Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB


In the above agreements it is clear that beam sweeping will be needed to find the best beam’s for RA procedures. In this contribution, we discuss further details about RA procedures.
Discussion
In LTE and associated releases, the first RA preamble is sent at a power level evaluated based on open loop power control. When Msg2 is not received, the UE uses a fixed step size power ramp and sends the preamble again at a higher power level. This procedure is repeated until Msg2 is received or RA preamble is sent at the maximum power level until a certain number of re-transmission attempts. This procedure is expected to be used for RA even in sub-6GHz NR systems.
Observation 1: Power ramping will continue to be used for successful RA procedures in sub-6GHz NR systems.
In NR above 6GHz systems, beamforming is necessary to perform RA procedures. As part of this procedure, the best beam pair must be identified and then used for exchanging the RA preamble and further messages. For systems without reciprocity, beam sweeping is a must for RA procedure since the best beams are unknown a priori. On the other hand, for reciprocity-based random access procedures, the same beam that was used during the DL synch process can be used by UE to send Msg1 (of course, depending on coherence conditions). But the time lag between DL Synch and RA procedure may not be the same every time RA is performed. This may result in cases where the coherence time has changed and the reciprocity/beam correspondence assumptions may not hold true. This may also happen when there are blockages in the beams (that were used during the DL Synch) when they are used for RA. In such cases different beams will ideally have to be used in order to ensure the success of the RA procedures. But if the UE has got an indication via DCI or via SIB to use the same beam (in reciprocity cases) it will continue to do so. However, under such cases Msg2 may not be received within a time limit. Below, we address the question – “What should the UE do when the Msg2 is not received within this pre-defined time limit (the time limit should be studied in detail for NR beamforming systems)?”
More specifically, the following questions arise with respect to the NR RA procedures –
1) What should the time limit be until which a UE can wait for the Msg2 and not change the beam?
2) Beyond the time limit, should the UE change its beam to re-send Msg1 or should it increase the power on the same beam to re-send Msg1 again? 
As shown in [2], the best beam pair remains the same for about 40ms when the UE is moving at pedestrian speeds (for some certain channel models). This time period over which the best beam pair may remain constant is highly dependent on the scenarios under study. This time limit may also be different from the channel coherence time. Since, the beam pairs may not remain static across all scenarios, the association between DL Synch and RA may not hold valid for all scenarios considered for NR study. Therefore, in order to have a unified framework, it is therefore necessary to answer both the questions mentioned above for successful RA procedure. 
Based on above description, it is clear that the time limit should be set to the smallest coherence time across all valid NR scenarios. For ease, this coherence time be defined as beam coherence time which indicates the fact that the best beam remains the same over this time duration and that the RA procedure can be performed on this beam until the specified time duration. 
Each of the random access techniques mentioned above i.e., ramping and/or switching beam, can work under certain cases and may not work in others. We need to find a foolproof procedure to successfully complete the RA procedure. Note that, beam reciprocity/correspondence assumptions may be different from channel-based reciprocity. Hence, even though the best beam pair may remain same, the channel may change during this time period i.e., Channel coherence Time < Beam Coherence Time. Hence, this also needs to be considered when designing the RA procedure. 
Observation 2: Beam coherence time, i.e., the time over which the best beam will remain the same, may be different from the channel coherence time.
The RA procedure i.e., power ramping or beam switching also depends on the number of RACH resources that have been allotted for the Msg1 transmissions. For example, if only one RACH resource is allotted (based on the association with DL Synch) then the UE must wait for Msg2 until the time limit expires and then decide to ramp power levels on the same beam or change the beam. However, if multiple RACH resources are allotted, then it depends on the UE whether it performs beam sweeping or power ramping using the same beam. For example, in reciprocity-based cases, the UE can perform power ramping using the same beam, but in cases where reciprocity does not hold true then the UE may decide to finish a full beam sweep before performing power ramping since it has no a priori information about the best beam to use in the uplink or it may decide to ramp power after finishing beam sweeping for half the number of beams based on some prior knowledge. 
Some examples are shown below. Each box indicates the time spent on each activity mentioned inside the corresponding box. “Power” is the base power level used for the first time a beam is used and “Delta” is the power ramp level used. Based on the procedures used, the RACH resources must be allotted for the RA procedure. These decisions will affect all the subsequent steps and thereby the RA timeline.
Observation 3: The RA procedure i.e., power ramping or beam switching also depends on the number of RACH resources that have been allotted for Msg1 transmission.

Example RA Procedures for reciprocity cases
	Option 1
	Best Beam
	Power+Delta
	Power+2*Delta
	Power+3*Delta

	Option 2
	Best Beam 1
	Best Beam 2
	Power+Delta (beam 1)
	Power+Delta  (beam 2)


 (
Total Time for RA Procedure
)
Example RA Procedures for non-reciprocity cases
	Option 1
	Full Beam Sweep
	Power Ramping on all Beams

	Option 2
	Half Beam Sweep
	Power Ramp
	Half Beam Sweep
	Power Ramp

	Option 3
	Quarter Beam Sweep
	Power Ramp
	Quarter Beam Sweep
	Power Ramp
	Quarter Beam Sweep
	Power Ramp
	Quarter Beam Sweep
	Power Ramp


 (
Total Time for RA Procedure
)


Below, we compare the two options and the scenarios they can be used in -
	
	Pros
	Cons

	Power ramping
	Can be faster and avoids beam switching times.
Works in cases where the best beam pair has not changed but only channel conditions are bad.
Good for reciprocity-based cases
	May not work when UE is tilted or changes direction and when blockage occurs.

	Beam switching
	If beam refinement (and/or beam sweeping) is used, it can be faster than wasting valuable time due to power ramping and sending signals on wrong beam.
Good for non-reciprocity cases
	Full beam sweep may be needed. 
Long RA timelines need to be considered. 



Proposal 1: Power ramping and beam switching need to be studied further to finalize the RA procedure for NR mmWave systems.
From a unified-design perspective between sub-6GHz and above-6GHz systems, power ramping must be studied to support RA in beamforming-based systems as well. 
Proposal 2: Power ramping needs to be considered from a unified design perspective of RA in NR.
Summary
In this contribution, we studied the necessity of power ramping and beam sweeping for random access in NR and the following observations, proposals are made - 
Observation 1: Power ramping will continue to be used for successful RA procedures in sub-6GHz NR systems.
Observation 2: Beam coherence time, i.e., the time over which the best beam will remain the same, may be different from the channel coherence time.
Observation 3: The RA procedure i.e., power ramping or beam sweeping also depends on the number of RACH resources that have been allotted for Msg1 transmission.
Proposal 1: Power ramping and beam switching need to be studied further to finalize the RA procedure for NR mmWave systems.
Proposal 2: Power ramping needs to be considered from a unified design perspective of RA in NR.
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