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Introduction
In RAN1 #AH1_NR, the discussion on “4-step RA procedure” was done and the following was agreed[1]. 
Agreed Definition:
· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam
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


According to the agreements, we need to select one alternative from several candidates for the counter of power ramping for RACH Msg.1 retransmission in multi-beam operation. It was not discussed in RAN1 #88 meeting although some companies showed their opinions in respective contributions[2-11]. These proposals are summarized in annex part. In this contribution, we discuss the pros and cons of the alternatives and make a conclusion. Also, we shortly discuss the retransmission counter.

Discussion on power ramping
We can consider three assumptions (option 1-3) as shown in the figure 1 regarding the order of UE Tx beam selection. We discuss the pros and cons of the alternatives for the counter of power ramping with each option.
(a)Option 1: UE changes Tx beam after N times transmission with the same beam direction (e.g. beam 1->1->1->2->2->2->…->N->N->N)
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(b)Option 2: UE changes Tx beam at each transmission with round robin manner (e.g. beam 1->2->…->N->1->2->…->N->1->2->…->N
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(c)Option 3: UE changes Tx beam at each transmission with round trip manner, but the same direction twice at the both ends (e.g. beam 1->2->…->N->N->…->2->1->1->2->…->N)
RACH transmission occasion
2nd retransmission
RACH transmission occasion
3rd retransmission
RACH transmission occasion

Figure 1: The order of UE Tx beam selection; option 1, 2 and 3
(a) Option 1
 The figure 2 shows the discussion point with option 1. The power in 1st retransmission is ramped up because the UE Tx beam is not changed from the initial transmission. However, what power should be applied in 2nd retransmission? The UE Tx beam is changed from 1st retransmission. This is the discussion point. 
In alt.1, the power goes back to the same power as initial transmission. In alt.2, the power is kept the same power as 1st retransmission. In alt.3, the power is further ramped up from 1st retransmission.
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Figure 2: Discussion point (option 1)

The table 1 shows the pros and cons of the alternatives for the counter of power ramping in the case that a UE changes the Tx beam. From the table, it seems be a trade-off between delay and interference in this case.

Table 1: Pros and cons of alternatives on power ramping with option 1
	Alternative
	Pros
	Cons

	1 (Re-set)
	Tx power of Msg.1 can be controlled properly.
	It takes the longest time until Msg.1 is received.

	2 (Unchanged)
	It takes shorter time than alt.1 until Msg.1 is received, but longer than alt.3.
	Tx power of Msg.1 might become larger unnecessarily, but lower than alt.3.

	3 (Increasing)
	It takes the shortest time until Msg.1 is received.
	Tx power of Msg.1 might become large unnecessarily.



(b) 
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(c) Option 2
 The figure 3 shows the discussion point with option 2. What power should be applied in 1st and 2nd retransmission?
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Figure 3: Discussion point (option 2)

The table 2 shows the pros and cons of the alternatives for the counter of power ramping in the case that a UE changes the Tx beam. In alt.1 and 2, the Tx power of Msg.1 can’t be ramped up. It is fatal if the initial Tx power is not enough. Therefore, alt.3 seems better.

Table 2: Pros and cons of alternatives on power ramping with option 2
	Alternative
	Pros
	Cons

	1 (Re-set)
	Tx power of Msg.1 can be controlled properly under the condition that initial Tx power is enough.
	Tx power of Msg.1 can’t be ramped up.

	2 (Unchanged)
	Tx power of Msg.1 can be controlled properly under the condition that initial Tx power is enough.
	Tx power of Msg.1 can’t be ramped up.

	3 (Increasing)
	It takes the shortest time until Msg.1 is received.
	Tx power of Msg.1 might become large unnecessarily.



(d) Option 3
 The figure 4 shows the discussion point with option 3. What power should be applied in 1st retransmission?
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Figure 4: Discussion point (option 3)

The table 3 shows the pros and cons of the alternatives for the counter of power ramping in the case that a UE changes the Tx beam. In alt.1, the Tx power of Msg.1 can’t be ramped up. It is fatal if the initial Tx power is not enough. Therefore, alt.2 or 3 seem better.

Table 3: Pros and cons of alternatives on power ramping with option 3
	Alternative
	Pros
	Cons

	1 (Re-set)
	Tx power of Msg.1 can be controlled properly under the condition that initial Tx power is enough.
	Tx power of Msg.1 can’t be ramped up.

	2 (Unchanged)
	Tx power of Msg.1 can be controlled properly.
	It takes longer time than alt.3 until Msg.1 is received.

	3 (Increasing)
	It takes the shortest time until Msg.1 is received.
	Tx power of Msg.1 might become large unnecessarily.



 From the discussion above with option 1-3, we see some cases that Tx power of Msg.1 can’t be ramped up in alt.1 and 2. In some contributions which were submitted in RAN1 #88 meeting, the proposals were shown with the certain assumption regarding the order of UE Tx beam selection (e.g. option 1). However, it should be noted that the following is already agreed.
[Agreements in RAN1 #AH1_NR meeting]
For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation

 According to the agreements above, we don’t know which beam is selected during the retransmission. Therefore, our proposal is as follows.

Proposal 1:
If the UE conducts beam switching for RACH Msg.1 retransmission at least for multi-beam operation,
· the counter of power ramping keeps increasing (Alt.3), or
· the counter of power ramping is up to UE

Discussion on the retransmission counter
In the previous section, we discussed the counter of power ramping. The counter might increase at every retransmission if Alt.3 is selected. However, it doesn’t increase in some cases if other alternative is selected. Regardless of the conclusion on the counter of power ramping, we need the retransmission counter to know whether the number of Msg.1 retransmission reaches the maximum number. 
Proposal 2:
 Msg.1 retransmission counter is introduced separately from the counter of power ramping.
· Note: Both counters can be the same if Alt.3 is selected.

Conclusion
In this contribution, we discussed the pros and cons of the alternatives for the counter of power ramping for RACH Msg.1 retransmission. Also, we shortly discussed the retransmission counter. The proposals are as follows. These aspects should be concluded for Rel-15.
Proposal 1:
 If the UE conducts beam switching for RACH Msg.1 retransmission at least for multi-beam operation,
· the counter of power ramping keeps increasing (Alt.3), or
· the counter of power ramping is up to UE

Proposal 2:
 Msg.1 retransmission counter is introduced separately from the counter of power ramping.
· Note: Both counters can be the same if Alt.3 is selected.
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Annex

[bookmark: _GoBack]Table A: Proposal of each company on power ramping counter (from contributions for RAN1 #88 meeting)
	Tdoc number
	Proposal

	R1-1701848
	· the counter of power ramping keeps increasing (Alt.3), or
· the counter of power ramping is up to UE

	R1-1701581
	UE Tx beam sweeping of MSG1, if used, should be performed before UE Tx power ramping.

	R1-1701941
	NR should support Alt 1 for the power ramping of Msg. 1 retransmission(s).

	R1-1702066
	If a UE switches its UL TX beam during a RA procedure, it resets the preamble transmission counter.

	R1-1702286
	If the UE increments the power ramping counter until the preamble reaches maximum UE transmit power. The UE resets the power ramping counter when selecting a new beam.
If the UE conducts beam switching the power ramping counter remains unchanged.

	R1-1702375
	Upon RAR window expiration, MSG 1 is retransmitted and the counter of power ramping increases only if UEs detected the proper DL beam and if UEs transmit at the corresponding UL beam.

	R1-1702442
	PRAMBLE_ TRANSMISSION_COUNTER should be per UE irrespective of which RACH resource is used for the PRACH preamble transmission and the DL pathloss for OLPC should be estimated per RACH resource. 

	R1-1702593
	The selection of UE TX beam during retransmission of Msg1 should be left to UE implementation in multi-beam scenario.
In multi-beam scenario, RAN1 allows UEs to ramp up transmit power and transmit N times before selecting a different RACH transmission time. UE should select the same preamble during the N-1 retransmission with higher transmit power. Value of N is >= 2 and FFS.

	R1-1703129
	If the UE conducts beam switching for Msg.1 retransmission, the counter of power ramping remains unchanged.

	R1-1703235
	NR at least supports Alt 2 for the counter of power ramping



