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Introduction
In last RAN1#89, RAN1-NR#2 and RAN1#90 meetings, the following agreements related to power ramping for message (Msg.) 1 (re)transmissions during random access (RA) procedure have been achieved for NR [1]-[3].
Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point
Agreements:
· The UE calculates the PRACH transmit power for the retransmission at least based on the most recent estimate pathloss and power ramping
· The pathloss is measured at least on the SS block associated with the PRACH resources/preamble subset
· UE behavior when reaching the maximum power
· If the recalculated power is still at or above the Pc,max
· The UE can transmit at maximum power even if it changes its TX beam
Agreements:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)
· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power
· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)
· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged
Agreements:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation
Agreements:
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter

It has been noted that several issues for power ramping are remaining. In this contribution, we would like to describe our views on remaining issues related to Msg. 1 power ramping during RA procedure for NR.
Msg. 1 power ramping
In this section, we discuss our observations and considerations for Msg. 1 power ramping during a RA procedure, which follows a similar idea as that of LTE, with some extensions suitable for multi-beam operations.
Counters for Msg. 1 power ramping in NR
In LTE, there is a power ramping counter used for countering both 1) number of Msg. 1 transmissions in a RA procedure; and 2) number of power ramping in a RA procedure. Since NR enables multi-beam operations, at least two independent counters are necessary for countering the aforementioned two numbers. As already agreed in RAN1 meetings, NR employs power ramping counter for counting number of power ramping in a RA procedure. Also network configures the maximum number of Msg. 1 transmission  for NR, which indicates that an independent counter will be adopted by NR for countering the number of Msg. 1 transmissions in a RA procedure [3].
During online and offline discussions, some of the companies have concerns about the UE behavior when retransmitting Msg. 1 with UE Tx beam switching. Since the UE side beam switching has been agreed to be up to UE’s implementation, it is possible that UE may conduct unexpected Tx beam switching frequently. Based on RAN1 agreements that power ramping counter does not change when UE conducts Tx beam switching for Msg. 1 transmission, the frequently unexpected Tx beam switching during Msg. 1 transmissions leads to a waste of chances for its Msg. 1 transmission with the limitation of network configured maximum Msg. 1 transmission number . Furthermore, unexpected interference may be introduced by a UE which conducts Tx beam switching frequently during its Msg. 1 transmissions. By summarizing companies’ ideas for solving this problem, there are three different options as given in observation 1. Even though the details are different, the general intention is to introduce an additional counter for avoiding the UE behavior of frequently conducting Tx beam switching for Msg. 1 transmissions at least before achieving UE’s maximum Tx power.
Observation 1: Some of the companies propose to introduce an additional counter in NR for avoiding the UE behavior of frequently conducting Tx beam switching during its Msg. 1 transmissions at least before achieving UE’s maximum Tx power. Three alternatives related to additional counter are given as follows.
· Alt. 1: For NR, network configures the maximum number of Msg. 1 transmissions on a Tx beam direction.
· Alt. 2: For NR, network configures the maximum number of UE Tx beam switching in a RA procedure for Msg. 1 transmissions.
· Alt. 3: For NR, network configures the maximum number of UE Tx beam switching with the same Tx power for Msg. 1 transmissions.
Proposal 1: NR down selects from the following alternatives at least for the case of before achieving UE’s maximum Tx power during Msg. 1 transmissions.
· Alt. 1: Per carrier, NR supports the maximum number of Msg. 1 transmissions on a UE Tx beam direction.
· Alt. 2: Per carrier, NR supports the maximum number of UE Tx beam switching for Msg. 1 transmissions.
· Alt. 3: Per carrier, NR supports the maximum number of UE Tx beam switching with the same Tx power level for Msg. 1 transmissions.
Power ramping step size reselection
For Msg. 1 transmission, a UE should monitor the Tx power of a synchronization signal block (SSB) and its received reference signal received power (RSRP) to calculate the path loss, and update its Tx power for Msg. 1 transmissions. In RAN1 #90 meeting, it has been agreed that it is up to UE to perform SSB reselection and corresponding physical random access channel (PRACH) resources selection for its Msg. 1 transmissions based on SSBs that satisfy network configured thresholds. Since that the interference level on newly selected PRACH resources is unknown to this UE, it has been agreed that the power ramping counter remains unchanged after SSB reselection for minimizing latency, and the initial Tx power value after SSB reselection should be updated based on the newly estimated path loss based on the newly selected SSB.
On the other hand, there is no decision on the power ramping step size value after SSB reselection, which may lead to a problem during Msg. 1 transmissions. For describing the problem clearly, we show an example to address this problem. When a UE decides to select a new SSB, the only reason of SSB reselection is that the path loss estimated based on the new SSB(s) is lower than that of the current adopted SSB. Therefore after SSB reselection, the initial Tx power value should be recalculated and this value is probably lower than the previous calculated initial Tx power. Therefore based on the previous agreements, the Tx power of first Msg. 1 transmission on new PRACH resources is probably lower than the Tx power of previous transmission before SSB reselection. On the other hand, if the same power ramping step size is used after SSB reselection, UE may need more transmissions to achieve its maximum Tx power .
Observation 2: With the limitation of total number of Msg. 1 transmissions, it cannot be guaranteed that the maximum Tx power can be achieved after SSB reselection without updating power ramping step size. Therefore, for guaranteeing maximum UE Tx power  can be achieved during power ramping procedure no matter there is SSB reselection or not during a power ramping cycle, updating power ramping step size after SSB reselection is necessary.
Observation 3: If power ramping step size reselection is allowed, it will be possible that the recalculated Tx power is still equal or higher than maximum UE Tx power , when the maximum UE Tx power  has been used for the previous Msg. 1 transmission. This can help to close the UE behavior problem after reaching maximum UE Tx power  aligning with the previous agreements that “If the recalculated power is still at or above the , the UE can transmit at maximum power even if it changes its TX beam”.
Proposal 2: NR supports power ramping step size reselection within a power ramping cycle.
Since during last RAN1 #90 meeting, it has been noticed that different SSBs in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation. It might be proper to assign different power ramping step size corresponding to different SSB Tx power.
Proposal 3: NR supports gNB Tx beam-specific power ramping step size values at least when Tx power (including Tx beamforming gain) of multiple SSBs in a SS burst set are different.
Proposal 4: NR UEs with different number of Tx beams should have the same power ramping step size, when they are served by the same gNB Tx beam.
Ending conditions of power ramping cycle
The ending conditions of current power ramping cycle can be summarized as follows. 
1. An RA response (RAR) is received by UE after its Msg. 1 (re)transmission;
2. The number of Msg. 1 (re)transmissions exceeds the configured maximum number of ;
3. The UE maximum Tx power has been tried on every selected () Tx beam directions for  times, where we prefer to have this y value equal to 1;
The ending conditions 1 and 2 are similar as those in LTE systems. The ending condition 3 is proposed by considering that UEs with less number of Tx beams may achieve its maximum Tx power during power ramping earlier than those UEs with more number of Tx beams, when same power ramping step size value is adopted by UEs. In order to minimize the interference to PRACH channels by a UE with less number of Tx beams, it might be better to end its current power ramping earlier (before reaching maximum transmission number ).
Observation 4: When a same power ramping step size is adopted by multiple UEs with different number of Tx beams, a UE employing less number of Tx beams for Msg. 1 transmissions may reach its maximum Tx power earlier than a UE employing more number of Tx beams for Msg. 1 transmissions. This will introduce more un-expected interference to PRACH.
Proposal 5: NR supports three ending conditions given below to stop the current power ramping cycle.
· An RAR is received by UE after its Msg. 1 (re)transmission;
· The number of Msg. 1 (re)transmissions exceeds the configured maximum number of Msg. 1 transmissions ;
· The UE maximum Tx power has been transmitted on every Tx beam directions within a subset of Tx beams for  times, where the value of  is FFS.
SSB Tx power indication
During last RAN1 #90 meeting, it has been noticed that different SSBs in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation. Based on the agreements that it is up to UE implementation how to select SSB and corresponding PRACH resource for path loss estimation and (re)transmission based on SS blocks that satisfy threshold(s), the Tx power (including Tx beam forming gain) of multiple SSBs should be indicated to UEs explicitly or implicitly.
Proposal 6: NR supports Tx power (including Tx beamforming gain) indication of multiple SSBs in a SS burst set.
· Tx power of one SSB is explicitly indicated in RMSI;
· Tx power indication of remaining SSBs is FFS.
Conclusion
For NR Msg. 1 power ramping, we have the following observations.
Observation 1: Some of the companies propose to introduce an additional counter in NR for avoiding the UE behavior of frequently conducting Tx beam switching during its Msg. 1 transmissions at least before achieving UE’s maximum Tx power. Three alternatives related to additional counter are given as follows.
· Alt. 1: For NR, network configures the maximum number of Msg. 1 transmissions on a Tx beam direction.
· Alt. 2: For NR, network configures the maximum number of UE Tx beam switching in a RA procedure for Msg. 1 transmissions.
· Alt. 3: For NR, network configures the maximum number of UE Tx beam switching with the same Tx power for Msg. 1 transmissions.
Observation 2: With the limitation of total number of Msg. 1 transmissions, it cannot be guaranteed that the maximum Tx power can be achieved after SSB reselection without updating power ramping step size. Therefore, for guaranteeing maximum UE Tx power  can be achieved during power ramping procedure no matter there is SSB reselection or not during a power ramping cycle, updating power ramping step size after SSB reselection is necessary.
Observation 3: If power ramping step size reselection is allowed, it will be possible that the recalculated Tx power is still equal or higher than maximum UE Tx power , when the maximum UE Tx power  has been used for the previous Msg. 1 transmission. This can help to close the UE behavior problem after reaching maximum UE Tx power  aligning with the previous agreements that “If the recalculated power is still at or above the , the UE can transmit at maximum power even if it changes its TX beam”.
Observation 4: When a same power ramping step size is adopted by multiple UEs with different number of Tx beams, a UE employing less number of Tx beams for Msg. 1 transmissions may reach its maximum Tx power earlier than a UE employing more number of Tx beams for Msg. 1 transmissions. This will introduce more un-expected interference to PRACH.
Correspondingly, we have the following proposals for NR Msg. 1 power ramping.
Proposal 1: NR down selects from the following alternatives at least for the case of before achieving UE’s maximum Tx power during Msg. 1 transmissions.
· Alt. 1: Per carrier, NR supports the maximum number of Msg. 1 transmissions on a UE Tx beam direction.
· Alt. 2: Per carrier, NR supports the maximum number of UE Tx beam switching for Msg. 1 transmissions.
· Alt. 3: Per carrier, NR supports the maximum number of UE Tx beam switching with the same Tx power level for Msg. 1 transmissions.
Proposal 2: NR supports power ramping step size reselection within a power ramping cycle.
Proposal 3: NR supports gNB Tx beam-specific power ramping step size values at least when Tx power (including Tx beamforming gain) of multiple SSBs in a SS burst set are different.
Proposal 4: NR UEs with different number of Tx beams should have the same power ramping step size, when they are served by the same gNB Tx beam.
Proposal 5: NR supports three ending conditions given below to stop the current power ramping cycle.
· An RAR is received by UE after its Msg. 1 (re)transmission;
· The number of Msg. 1 (re)transmissions exceeds the configured maximum number of Msg. 1 transmissions ;
· The UE maximum Tx power has been transmitted on every Tx beam directions within a subset of Tx beams for  times, where the value of  is FFS.
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Proposal 6: NR supports Tx power (including Tx beamforming gain) indication of multiple SSBs in a SS burst set. 
· Tx power of one SSB is explicitly indicated in RMSI;
· Tx power indication of remaining SSBs is FFS.
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