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Introduction
In RAN1 #89, the following agreements on PRACH power ramping were reached [1] :
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:
· NR does not support to report UE capability of beam correspondence during RACH procedure.
· Note that UE capability of beam correspondence is reported after RACH procedure


[bookmark: _Ref178064866]Discussion
Previous meetings have decided upon the PRACH preamble as well as the 4 step RA procedure. One thing that remains to be decided is the power ramping in the PRACH Msg. 1. This matter is slightly complicated by the ability of UEs to use multiple antennas and beamforming since the path loss is heavily dependent on it. In order to achieve a more coherent behavior among UEs with respect to beamforming, the beam used for path loss calculation should be defined.
[bookmark: _Toc485208411][bookmark: _Toc485283583][bookmark: _Toc485385647][bookmark: _Toc485386118]Path loss should be based on the beam corresponding to the SS block with the largest RSRP.
By agreeing that beam switching leaves the power ramping unchanged, it is possible to envision a functionality that is similar to that of LTE [2][3]. What differs is the number of antennas and the resulting beamforming they may produce and the possibility for beam correspondence or not. Below, the power ramping discussion is divided into three sections: Initialization, incrementation and termination.
The key performance indicators for random access are twofold:
· to minimize transmitted interference, and, 
· to minimize random access latency.
Hence, a “first shot right” is desirable although oftentimes unrealistic. For the two UE types with and without beam correspondence, it is respectively more and less likely to achieve this. For this reason, requirements for UEs with beam correspondence could be made stricter but also more predictable in order to achieve a faster PRACH procedure. This is possible without the serving cell knowing about the UE capability in this respect.
[bookmark: _Toc485143023][bookmark: _Toc485158876][bookmark: _Toc485208394][bookmark: _Toc485283573][bookmark: _Toc485385661][bookmark: _Toc485386100]The behavior of UEs with beam correspondence may be more strictly defined in order to achieve a more efficient PRACH procedure.
One such stricter definition is the decision of which beam to use in the UL in UEs with beam correspondence. Reasonably, the corresponding beam to the DL beam is the preferred choice.
[bookmark: _Toc485208412][bookmark: _Toc485283584][bookmark: _Toc485385648][bookmark: _Toc485386119]A UE with beam correspondence should use same corresponding beam in UL as in DL.
PRACH initial power setting
Similar to LTE, and in order to minimize interference, it is desirable that the UE does not transmit with unnecessarily high output power. For that reason, the UE shall use a random access power ramping scheme where the power is step-wise incremented until a RA is received or the UE has reached its maximum output power. In LTE, the preamble transmission power, , was determined as

where  is the configured UE transmit power for cell  and subframe ,  is the downlink path loss estimate calculated in the UE for serving cell , and  is the necessary serving cell preamble receive power which is initially defined as,

where and  is the determined initial targeted serving cell received power.
In this respect it should be noted that LTE was initially developed with only one UE TX antenna and without taking beamforming effects into consideration during random access. Consequently, the above parameters need to be clarified in order to distinguish between different number of antennas. Also, considering the agreement that the power ramping counter is not reset between beam switches, it also necessary to consider the beam widths formed by said antennas and possibly also case where the number of antennas are changed. This may be of more interest to a UE without beam correspondence which thereby lacks the necessary information about beam direction towards the serving cell.
[bookmark: _Toc485143019][bookmark: _Toc485158877][bookmark: _Toc485208395][bookmark: _Toc485283574][bookmark: _Toc485385662][bookmark: _Toc485386101]Beam switching may also imply the UE changing the beam width or the number of active TX antennas.
As a consequence,  above is no longer a constant but instead a variable, depending on the selected antenna configuration for the given incrementation step, such that the preamble transmission power instead is expressed as

where the added term  is the beamforming gain from the selected beamforming configuration relative to that included in , and  is defined below by initializing the  to 1.
 is initialized according to

Here it should be noted that a UE with beam correspondence is likely to point the beam in the correct direction, whereas a UE without beam correspondence likely will need to determine the preferred beam direction iteratively. not.
Furthermore, some clarifications are required w.r.t. beamforming and multi-antenna behaviour. One such clarification is that  should denote the total configured UE transmit power for cell  and subframe , as aggregated over all TX antennas. Furthermore,   should denote the total preamble transmission power, also here aggregated over all TX antennas, and  should denote the downlink path loss estimate calculated in the UE for the serving cell  for the active TX antennas assuming beam correspondence.
 denotes the total configured UE transmit power for cell  and subframe ,   denotes the total preamble transmission power, and  denotes the downlink path loss estimate calculated in the UE for the serving cell, , for the active TX antennas assuming beam correspondence.
With respect to the beam processing gain, a UE with beam correspondence will be able to utilize it more efficiently than a UE without beam correspondence. However, this does not justify more relaxed requirements for UEs without beam correspondence, since that will result in more interference. Hence, for both categories, the same approach should be taken when determining .
[bookmark: _Toc485143027][bookmark: _Toc485158883][bookmark: _Toc485208416][bookmark: _Toc485283588][bookmark: _Toc485385652][bookmark: _Toc485386123]A UE shall assume the beam processing gain resulting from beam correspondence using the active TX antennas when determining .
Power ramping step size
In the event of an unsuccessful PRACH Msg. 1 transmission, the UE needs to increase its transmit power. This is done by increasing the ,

which, in turn increases  according to

where  is the intial target power,  is an offset based on the preamble format, and the  is a power ramping factor.
[bookmark: _Toc485143028][bookmark: _Toc485158884][bookmark: _Toc485208417][bookmark: _Toc485283589][bookmark: _Toc485385653][bookmark: _Toc485386124]The  is incremented according to 
UE behavior at maximum power
If the UE is transmitting at maximum power and does still not to receive a Random Access Response (RAR), or a received RAR does not contain a preamble identifier corresponding to the transmitted RA preamble, the random access cycle has been unsuccessful. Such a situation could either depend on the UE being out-of-coverage for the serving cell, or due to the UE using too wide beamforming or beamforming pointing in the wrong direction. However, according to the above agreement, stating that if the UE conducts beam switching, the counter of power ramping remains unchanged, the UE may attempt to transmit a PRACH Msg. 1 in multiple beams with the highest power level prior to considering the random access cycle unsuccessful. In order to avoid having UEs indefinitely polluting the PRACH, in the worst case at the highest power level, a maximum number of random access attempts per power ramping counter level must be defined.
[bookmark: _Toc485158885][bookmark: _Toc485208418][bookmark: _Toc485283590][bookmark: _Toc485385654][bookmark: _Toc485386125]The number of beam switching attempts at each power level is limited (to two).
Similar to LTE, following a failed full random access cycle, a random back-off period that must pass before the UE may initiate another random access cycle, possibly with different beamforming directions, should be defined.
[bookmark: _Toc485158886][bookmark: _Toc485208419][bookmark: _Toc485283591][bookmark: _Toc485385655][bookmark: _Toc485386126]In case of a failed random access cycle, a random back-off period must pass before the UE may attempt another random access cycle.
Furthermore, the new PRACH attempt should be starting over with the initial power values. 
[bookmark: _Toc485158887][bookmark: _Toc485208420][bookmark: _Toc485283592][bookmark: _Toc485385656][bookmark: _Toc485386127]In case of a failed random access cycle, the  is reset.
Message 3 power settings
Within Msg. 2, the UE will receive a UCI, including UL power control [4]. In order for that to be purposeful, and for a UE to optimize its Msg. 3 transmission, it should be obliged to follow the UCI in Msg. 2.
[bookmark: _Toc485208421][bookmark: _Toc485283593][bookmark: _Toc485385657][bookmark: _Toc485386128]The UE shall adjust its power setting for Msg. 3 with respect to the Msg. 2 UCI.
Another aspect of Msg. 3 in relation to Msg. 1 is the UE antenna configuration. For example, in mmW, it is possible to envision UEs with different antenna panels where only a subset of the panels is used at a time. In order to get a predictable and relevant result from such UEs, it is important that the same antenna configuration is used in Msg. 3 as was used for Msg. 1.
[bookmark: _Ref485201145][bookmark: _Toc485208422][bookmark: _Toc485283594][bookmark: _Toc485385658][bookmark: _Toc485386129]The UE shall use the same antenna configuration in Message 3 as in Message 1.
Using the same beam configuration can be seen as being part of Proposal 11. Nevertheless, if the UE is allowed to change beams between Msg. 1 and Msg. 3, in order to obtain a predictable and relevant result, the UE should adjust the beam forming gain accordingly.
[bookmark: _Toc485208423][bookmark: _Toc485283595][bookmark: _Toc485385659][bookmark: _Toc485386130]If a UE is allowed to change beams between Msg. 1 and Msg. 3, any change in processing gain arising from such beam change must be included in the power control formula.
Power ramping and beam switching 
The agreement from RAN1#89 stated initially implies that the UE could ramp up its TX power while transmitting according to any beam configuration. In some situations, this may make it formally valid to use an arbitrary beam to ramp up the power to a maximum level and thereafter use that power level to sweep multiple beam directions. This has the potential of creating considerable interference in different spatial directions. The behavior can be avoided at least for UEs supporting beam correspondence by requiring that ramping up should be performed while transmitting on the TX beam corresponding to the strongest SSB RSRP RX direction. Only when the RA procedure on that beam has not succeeded should high-power transmission in other beam directions be allowed.
[bookmark: _Toc485143029][bookmark: _Toc485158888][bookmark: _Toc485208424][bookmark: _Toc485283596][bookmark: _Toc485386131][bookmark: _Toc485385660]A UE with beam correspondence is obliged to use the beam with the strongest RSRP when performing power ramping.
Similarly, it is reasonable that the UE does perform the first ramping steps with a smaller beam configuration but while adding beams at later steps where a higher power level is used, and thereby reducing random access latency at the expense of significantly increased interference. 
[bookmark: _Toc485386132]A UE shall use the same beam set throughout the whole ramping cycle.
Conclusion
In section 2 we made the following observations:
Observation 1	The behavior of UEs with beam correspondence may be more strictly defined in order to achieve a more efficient PRACH procedure.
Observation 2	Beam switching may also imply the UE changing the beam width or the number of active TX antennas.

Based on the discussion in section 2 we propose the following:
Proposal 1	Path loss should be based on the beam corresponding to the SS block with the largest RSRP.
Proposal 2	A UE with beam correspondence should use same corresponding beam in UL as in DL.
Proposal 3	 is initialized according to

Proposal 4	 denotes the total configured UE transmit power for cell  and subframe ,   denotes the total preamble transmission power, and  denotes the downlink path loss estimate calculated in the UE for the serving cell, , for the active TX antennas assuming beam correspondence.
Proposal 5	A UE shall assume the beam processing gain resulting from beam correspondence using the active TX antennas when determining .
Proposal 6	The  is incremented according to 
Proposal 7	The number of beam switching attempts at each power level is limited (to two).
Proposal 8	In case of a failed random access cycle, a random back-off period must pass before the UE may attempt another random access cycle.
Proposal 9	In case of a failed random access cycle, the  is reset.
Proposal 10	The UE shall adjust its power setting for Msg. 3 with respect to the Msg. 2 UCI.
Proposal 11	The UE shall use the same antenna configuration in Message 3 as in Message 1.
Proposal 12	If a UE is allowed to change beams between Msg. 1 and Msg. 3, any change in processing gain arising from such beam change must be included in the power control formula.
Proposal 13	A UE with beam correspondence is obliged to use the beam with the strongest RSRP when performing power ramping.
Proposal 14	A UE shall use the same beam set throughout the whole ramping cycle.
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