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Introduction
At the RAN1 NR Ad-Hoc meeting, the following agreements were made [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

	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


In this contribution, we share our views on RACH procedure for multi-Tx beam operation.
Discussions
[bookmark: OLE_LINK1]Single Or Multiple Msg.1 transmissions until the end of RAR window
In RAN1 NR Ad-Hoc meeting, single Msg.1 transmission before the end of a monitored RAR window was agreed and remaining issue is whether multiple Msg.1 transmissions until the end of RAR window are allowed or not. The benefit of the multiple Msg.1 transmissions is early detection of optimum UL Tx beam by parallel process for different UL Tx beams.
However, one major concern for multiple Msg. 1 transmissions is unnecessary resource allocation. When a gNB receives multiple Msg.1, at least according to LTE procedure, the gNB can’t identify whether the multiple Msg.1 are transmitted by the same UE or different UEs. Then the gNB is required to allocate resource of Msg.3 for each received Msg.1; and multiple Msg.2 are transmitted for a UE. For the UE, only one resource is needed to transmit Msg. 3; and other resources indicated by multiple Msg.2 are not necessary. Furthermore, if a gNB really needs to identify multiple Msg.1 from different UEs, either extra resources carrying some UE ID information have to be defined, causing extra gNB processing cost as well; or orthogonal codes have to be used for differentiating UE, bringing in the problem that how many UEs can be supported through short orthogonal codes (long orthogonal codes also have significant resource and processing issue for Msg.1). Therefore, after comparing the benefits and issues from introducing multiple Msg.1 transmissions, we prefer to supporting only single Msg. 1 transmission before the end of a monitored RAR window
Proposal 1:
· NR supports only single Msg. 1 transmission before the end of a monitored RAR window
Power ramping procedure for NR
According to the agreements in RAN1 NR ad-hoc #1 meeting, there are mainly 3 alternatives for power ramping procedure for NR.
If the UE conducts beam switching, 
· 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.

Although whether UE performs UL beam switching is up to UE implementation, each alternative for the counter increment implies some particular procedures for UL beam switching.
[bookmark: _GoBack]Alt 1 implies that UL Tx beam switching is performed after completing power ramping process for a UL Tx beam. This process can be the same as the process of LTE if UE can capture the optimum UL Tx beam accurately in early stage (e.g. partial beam correspondence case). However, if UE selects wrong UL Tx beam, UE may transmit preamble with maximum power ramping for the wrong beam and it may cause severe interference for neighbour cells.
One other issue is the expiration condition of Msg.1 retransmission. In LTE, the counter of power ramping is incremented in case that no Random Access Response is received within the RA Response window, since power ramping is always performed for Msg.1 re-transmission. Therefore, the counter of power ramping is used for the counter of Msg.1 re-transmission for expiration. However, in NR, if the counter of power ramping is re-set for UL Tx beam switching, the counter of Msg.1 re-transmission which is used for expiration should be different with the counter of power ramping.
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Figure 1. Example of Alt 1
Alt 2 implies that UL Tx beam switching gets preference over power ramping process. If gNB sets enough initial power for preamble transmission (i.e. preambleInitialReceivedTargetPower) for the case of optimum UL Tx beam, the optimum UL Tx beam can be found out than Alt 1 by faster UL beam switching.
However, also in this alternative, the number of Msg.1 re-transmission is different from the number of power ramping. Therefore, to limit the number of Msg.1 re-transmission irrespective of the number of available UE Tx beams, the counter of Msg.1 re-transmission should be different with the counter of power ramping.
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Figure 2. Example of Alt 2
Alt 3 implies that power ramping is performed regardless of whether UL Tx beam is switched. This procedure has no impact to the current specification (especially the counter of Msg.1 re-transmission) and UE can capture the optimum UL Tx quickly by simultaneous operation of power ramping and UE Tx beam switching. However, if UE selects wrong UL Tx beam, UE may use excessive power for preamble transmission with some number of power ramping.
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Figure 3. Example of Alt 3
From our view, even if UE does not have beam correspondence, the DL pathloss with the optimum DL Tx/Rx beam pair and the UL pathloss with the optimum UL Tx/Rx beam pair are nearly identical as LTE. It seems that most of UEs are not required to ramp up many times. Therefore, to capture the optimum UL Tx beam quickly for the case without UE beam correspondence case, Alt 2 and/or Alt 3 should be supported. Moreover, to avoid the increase of interference to the neighbour cells by unnecessary power boosting, the number of power ramping should be limited. From that perspective, Alt 2 is even better.
Proposal 2:
· NR at least supports Alt 2 for the counter of power ramping

Conclusion
In this contribution, we have the following proposals:
Proposal 1:
· NR supports only single Msg. 1 transmission before the end of a monitored RAR window
Proposal 2:
· NR at least supports Alt 2 for the counter of power ramping
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