[bookmark: _Toc193024528]3GPP TSG RAN WG1 NR Ad-Hoc#2                                            R1-1710823
Qingdao, P.R. China 27th – 30th June 2017

Agenda item:	5.1.1.4.3
Source: 	MediaTek Inc.
Title: 	PRACH Msg1 retransmission
Document for:	Discussion and decision
1	Introduction
In RAN1 meetings, PRACH power ramping has been discussed extensively for Msg1 retransmission with multi-beam operations. The following agreements have been made. 
 
	Agreements: (RAN1 #88bis and #89)
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· 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

Agreements: (RAN1 #87)
· NR supports the following procedure(s) for msg1 re-transmission
· Down selection or combination of power ramping, UE beam switching, and RACH resource switching
· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources




[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we discuss whether the power ramping counter should be decreased at beam switching after UE has reached the maximum power. Additionally, we share our views on how PRACH transmission power should be calculated when UE changes RACH resource for Msg1 retransmission.  
2	UE behaviour after reaching the maximum power
Scenarios that UE may reach its maximum power in RACH Msg1 transmission at least include: 
· Scenario 1: UE transmitting at a wrong TX beam
· Scenario 2: UE at cell-edge or at a bad link quality
 
An example for Scenario 1 is that UE rotation happens after it has finished downlink synchronization (SS) block measurement. During the DL SS block measurement, UE not only identifies the best DL TX beam but also its best RX beam. If the UE has beam correspondence, it is reasonable for the UE to decide its UL TX beam based on the best RX beam it has identified. If the UE does not receive RAR, it would choose to ramp up the transmission power instead of changing to another TX beam. However, since UE rotation has happened after DL SS block measurement, this UE would be transmitting at a wrong TX beam to a wrong direction. It may hence reach the maximum power before it changes its TX beams. Figure 1 illustrates an example of Scenario 1. It is assumed UE has identified Beam1 as its best RX during DL synchronization. Because it has beam correspondence and has assumed Beam1 as its best TX beam as well. However, due to UE rotation, the best TX beam has changed to Beam 4 at the time when UE transmits PRACH preambles. As UE does not know this, it remains on Beam 1 until it reaches the maximum power. Then it switches to other TX beams for following retransmissions. If the transmission power is not reduced at beam switching after UE reaches the maximum power as illustrated in  Figure 1(a), the interference caused by the 6th and 7th retransmissions with another two wrong beams is larger than that in Figure 1(b) where the transmission power is reduced at beam switching after the maximum power is reached. In this case, it is beneficial to have UE that has reached the maximum power to reduce its power ramping counter by a configurable value before selecting a new TX beam.   


[bookmark: _Ref485404800]Figure 1: PRACH transmission power and UE TX beam switching for Scenario 1 where UE transmits at a wrong TX beam with power ramping until it reaches the maximum power. By reducing the transmission power at beam switching after UE has reached the maximum power as shown in (b), the interference caused by the 6th and 7th retransmission is smaller than that in (a). 
As to Scenario 2, the UE has to transmit at the maximum power because it is at cell edge. In Figure 2, because we assume there is no pathloss estimation error and UE is at cell edge, UE transmits its first RACH attempts with the maximum power. As shown in Figure 2(b), if the UE is required to reduce its transmission power at beam switching after reaching the maximum power, it may require more retransmission attempts and may cause more interference than that in Figure 2(a).


[bookmark: _Ref485405760]Figure 2: PRACH transmission power and UE TX beam switching for Scenario 2 where UE is at the cell-edge. If UE reduces its transmission power at beam switching after it has reached the maximum power which is illustrated in (b), the UE may have to transmit more times and may hence introduce more interference than (a).               
[bookmark: _Ref485417925]Observation 1: If the power ramping counter is reduced by a configurable value at beam switching after UE reaches the maximum power, it is helpful to mitigate unnecessary interference in Scenario 1. On the other hand, it may increase the access latency and interference in Scenario 2. 
[bookmark: _Ref485417941]Proposal 1: The power ramping counter can remain unchanged at beam switching after reaching the maximum power. 
3	RACH resource switching
According to the agreement made in RAN1 #87, UE may select power ramping, TX beam switching, resource switching or a combination of the above for Msg1 retransmission. There have been extensive discussion on how the power ramping counter and hence how the PRACH transmission power should be determined when UE changes its TX beam. As to resource switching, based on RAN1’s agreements, we know the power ramping counter keeps increasing as long as UE does not change its TX beam. However, in practice, there are two different scenarios/interpretations regarding “resource switching:”
1. Switching to another subset of RACH resource associated with a different SS block 
2. Switching to another subset of RACH time/frequency/preamble resource associated with the same SS block

It is unclear whether the first case is considered as Msg1 retransmission or as another RACH procedure.  
[bookmark: _Ref485418022]Proposal 2: NR clarifies whether switching to another subset of RACH resource associated with a different SS block is considered as an option at Msg1 retransmission in a RACH procedure or it should be considered as another RACH procedure.  
[bookmark: _GoBack]4	Conclusion
This contribution discusses RACH Msg1 retransmission. Observations and proposals are summarized as follows. 
Observation 1: If the power ramping counter is reduced by a configurable value at beam switching after UE reaches the maximum power, it is helpful to mitigate unnecessary interference in Scenario 1. On the other hand, it may increase the access latency and interference in Scenario 2.
Proposal 1: The power ramping counter can remain unchanged at beam switching after reaching the maximum power.
Proposal 2: NR clarifies whether switching to another subset of RACH resource associated with a different SS block is considered as an option at Msg1 retransmission in a RACH procedure or it should be considered as another RACH procedure.
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(a) After UE has reached the maximum power, it does not reduce its PRACH transmission power at beam switching.
(b) After UE has reached the maximum power, it reduces its PRACH transmission power at beam switching.
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(a) After UE has reached the maximum power, it does not reduce its PRACH transmission power at beam switching.
(b) After UE has reached the maximum power, it reduces its PRACH transmission power at beam switching.



