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Introduction
In RAN1 #88bis, the discussion on the counter of power ramping for RACH Msg.1 retransmission was done and Alt 4 was added as shown below[1]. 
Agreements:
· Update previous meeting as follows:
· 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. 
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· 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
Companies are encouraged to perform further analysis and evaluations. Revisit next meeting.


RAN1 still need to have a solution on how to manage power ramping for RACH Msg.1 retransmission. We think that Alt 1 to 4 have both advantage and disadvantage. In the next section, we show the disadvantage of those alternatives and propose one solution finally. We must not forget the following previous agreement[2].
Previous agreement: 
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation

Analysis of each alternative
(1) Alt 1
 In this alternative, the counter of power ramping is re-set when a UE switches the Tx beam[2]. The proponents of this candidate seem to assume that the UE does the power ramping on the same Tx beam first and then switches the Tx beam if it doesn’t receive RAR even after power ramping. This operation is shown in the figure 1.
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Figure 1: One example of the operation with Alt 1(good case)

 However, it is not defined how/when the UE switches the Tx beam according to the previous agreement. If the UE Tx beam switching is done first, the Alt 1 doesn’t work because the counter is re-set at every beam switching. Therefore, the power ramping cannot be done. Such an example is shown in the figure 2.
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Figure 2: Another example of the operation with Alt 1(bad case)

 Further, Alt 1 might generate the latency in RACH procedure.
(2) Alt 2
In this alternative, the counter of power ramping remains unchanged when a UE switches the Tx beam[2]. The proponents of this candidate seem to assume that the UE conducts the Tx beam switching in a round trip manner first and then does the power ramping if it doesn’t receive RAR even after Tx beam switching. This operation is shown in the figure 3.
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Figure 3: One example of the operation with Alt 2(good case)

However, it is not defined how/when the UE switches the Tx beam according to the previous agreement. If the UE Tx beam switching is conducted in a round robin manner, the Alt 2 doesn’t work because the counter of power ramping always stays zero. Therefore, the power ramping cannot be done. Such an example is shown in the figure 4.
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Figure 4: Another example of the operation with Alt 2(bad case)

 There is one more case where Alt 2 is not preferred. If the power ramping on the same Tx beam is done first, the transmission power might be unnecessarily high when the UE Tx beam is changed. Such an example is shown in the figure 5.
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Figure 5: One more example of the operation with Alt 2(bad case)

Further, Alt 2 might also generate the latency in RACH procedure with the specific UE Tx beam switching scenario like the figure 3.

(3) Alt 3
In this alternative, the counter of power ramping keeps increasing when a UE switches the Tx beam[2]. The proponents of this candidate seem to put the priority on the latency in the RACH procedure. Indeed, this alternative makes the latency shorter than other alternatives. However, the transmission power might be unnecessarily high because the power ramping is always done. Such examples are shown in the figure 6 and 7.
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Figure 6: One example of the operation with Alt 3(bad case)
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Figure 7: Another example of the operation with Alt 3(bad case)
(4) Alt 4
 In this alternative, the operation is as follows[3].
· if the UE Tx beam is switched and its direction is used for the first time, the counter of power ramping is re-set. 
· if the UE Tx beam is switched and its direction is used for the second time or more, the counter of power ramping increases based on the counter value in the last (re-)transmission using the same direction.
· if the UE Tx beam direction is the same as the one used in the previous (re-)transmission, the counter of power ramping keeps increasing.
 This alternative can solve the disadvantage of Alt 1 and 2 while maintaining their advantages.
Some examples are shown in the figure 8, 9 and 10.
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Figure 8: One example of the operation with Alt 4(good case)
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Figure 9: Another example of the operation with Alt 4(good case)
UE Tx beam direction
No. of Tx
Counter of
power ramping
0
1
2
3
4
5
6
7
8
0
0
0
1
1
1
2
2
2
re-set
re-set
increase
increase
increase
increase
increase
increase

Figure 10: One more example of the operation with Alt 4(good case)

 To realize all these operations with Alt 4, the counter is needed per UE Tx beam. However, one counter is enough in the specific operation like the figure 10 which can be considered the same as the figure 3. In this case, the counter operation becomes the same as the one in Alt 2. Therefore, it is another option to leave how to realize the counter to the UE.

Discussion
The proponents of Alt 1 are concerned about the interference generated by Alt 2 and 3. The proponents of Alt 2 are also concerned about the interference generated by Alt 3. However, Alt 2 might generate the interference depending on the UE Tx beam switching scenario as shown in previous section. The proponents of Alt 3 are concerned about the latency generated by Alt 1 and 2. As results, Alt 1 to 3 have disadvantages respectively. Each alternative works well under the specific UE Tx beam switching scenario. However, we must not forget the previous agreement[2] which is shown below. From the agreement, we cannot expect the specific UE Tx beam switching scenario.
Previous agreement: 
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation

 Alt 4 works well even in the UE Tx beam switching scenarios where Alt 1 and 2 don’t work. Therefore, Alt 4 can replace Alt 1 and 2. However, it cannot solve the latency issue. Current status is as follows.
- Alt 3 might generate the interference although it can realize fast RACH procedure
- Alt 4 might generate the slow RACH procedure although it can realize proper interference management
The best solution depends on which is prioritized, interference or latency. However, it is difficult to select one. Therefore, our proposal is as follows.

Proposal:
· Broadcast information indicates which alternative is used in a cell, Alt 3 or 4. 
· Note: This applies to the case that UE beam correspondence is not available.
· FFS: how to realize the counter for Alt 4.
· Alt a: specify to have the counter per UE Tx beam.
· Alt b: up to UE implementation
· Note: it is at least influenced by whether a maximum number of Msg.1 transmission is defined in each UE Tx beam or a total maximum number is defined for all UE Tx beams.

Conclusion
In this contribution, we analysed the alternatives for the counter of power ramping for RACH Msg.1 retransmission. Our proposal is as follows. These aspects should be concluded for Rel-15.
Proposal:
· Broadcast information indicates which alternative is used in a cell, Alt 3 or 4. 
· Note: This applies to the case that UE beam correspondence is not available.
· FFS: how to realize the counter for Alt 4.
· Alt a: specify to have the counter per UE Tx beam.
· Alt b: up to UE implementation
· Note: it is at least influenced by whether a maximum number of Msg.1 transmission is defined in each UE Tx beam or a total maximum number is defined for all UE Tx beams.
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