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1. Introduction

At the RAN1 NR AH#2 meeting, random access procedure for NR was discussed and RAN1 made following agreement regarding power ramping [1].
	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

To be discussed further:

· Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?

· Is the UE is allowed to change SS block used for the pathloss estimate for retransmission?

Continue discussions in the next meeting


In this contribution, we discuss on remaining power ramping details including above discussion points. 
2. Transmission power of PRACH preamble

2.1. Initial transmission of PRACH preamble
Initial transmission power of PRACH preamble can be decided based on path-loss and target received power at TRxP as in LTE. The path-loss can be estimated from received power of DL reference signal e.g., SS/PBCH block (SS block) or CSI-RS associated with resources and/or preamble index of the PRACH preamble. Also target received power depends on interference level, and hence it should be informed to UE by system information. 
Proposal 1: Initial transmission power of PRACH preamble is based on path-loss and target received power.

· The path-loss is estimated by using DL reference signal such as SS block or CSI-RS associated with PRACH resource and/or preamble to be used
· The target received power is informed in system information by gNB.
 In case that UE needs to select the PRACH resources based on the SS block having the highest SS block RSRP, random access delay may be long since UE has to continue searching the best SS block even after detecting first SS block. In initial access phase, it is most important to finish initial access procedure as fast as possible and the search of best beam is scope of beam management, i.e., after initial access complete. Therefore, it should be up to UE implementation that how to select the PRACH resources according to detected SS blocks in order to finish initial access as fast as possible. 
Proposal 2: It is up to UE implementation how to select the PRACH resources according to detected SS blocks.

2.2. Retransmission of PRACH preamble
In case that selection of PRACH resource (i.e., corresponding SS block) for PRACH transmission is up to UE implementation, first selected SS block may not be the best SS block for the UE. Unless UE is allowed to change PRACH resource (i.e., SS block) in retransmission, UE may continue failing PRACH retransmission and it is clearly inefficient in terms of UE battery consumption and random access delay. Thus UE should be able to change PRACH resource associated with SS block in retransmission in order to achieve short RA delay.
Proposal 3: UE can change SS block for the pathloss estimate for retransmission.
Also, it has not been clarified yet that how to treat counter of power ramping when UE changes PRACH resource in retransmission. It seems natural that counter of power ramping keeps unchanged in such case as well as UE Tx beam switching case. For the case that UE changes PRACH resource for retransmission, although UE Tx power is recalculated based on pathloss by new SS block, factor of counter of power ramping should be kept so that it is helpful for UE which continues failing PRACH retransmission.
Proposal 4: When UE changes PRACH resource in retransmission, counter of power ramping keeps unchanged.
At the RAN1#89 meeting, it was agreed that if the UE conducts beam switching, the counter of power ramping remains unchanged. The agreement was decided considering trade-off between interference effect and random access delay. However, we are still concerning that unexpected interference effect and/or random access delay may happen due to some possible UE implementation based on the agreements. For example, if UE continuously changes Tx beam per Msg.1 (re)transmission, UE transmit power for Msg.1 cannot be increased even after many retransmissions and then random access delay would increase. Such case may happen when UE conducts digital beam forming since UE Tx beam which is slightly changed from previous Tx beam by digital beam forming, e.g., beam refinement, would be considered as different beam. Therefore, we propose that the number of beam switching with the same level of power ramping counter, i.e., the number of continuous beam switching, should be limited e.g., by gNB. If the number of retransmissions with the same level of power ramping counter exceeds the limitation, UE can conduct beam switching and power ramping at the same time so that random access delay can be shortened. Fig.1 shows the example when the limited number is 2.
Proposal 5: gNB can configure the maximum number of beam switching with the same level of power ramping counter for Msg.1 (re)transmission. 
· UE can conduct beam switching and power ramping at the same time when exceeding the limitation.
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Figure.1: limitation of the number of beam switching at the same level of power ramping counter 
 Also, it is not clear how to define “counter of power ramping”. In LTE, the counter of power ramping (i.e., number of power ramping) is equal to the counter of transmission, i.e., the number of total transmission within a random access procedure, and hence a single counter is sufficient. In NR, because of the agreements shown in Section 1, the number of power ramping and the number of total transmissions within a random access procedure would be different. Hence, two counters for number of power ramping and for number of transmissions may be defined separately. In case that only the counter of power ramping is defined, even if the maximum number of power ramping is limited, it is possible that UE which continue switching Tx beam doesn’t reach the maximum number of power ramping. In such case, upper layer can’t know random access problem. On the other hand, in case that only the counter of total transmission is defined, UE power control of Msg.1 retransmission would be complex. In addition to these, the counter of beam switching can be considered. The counter of beam switching with a certain maximum value is one of methods to realize Proposal 2.
 In summary, following two options can be considered.

Option1: UE uses three counters, i.e., counter of total number of transmissions, counter of power ramping and counter of beam switching, for PRACH (re)transmission
· When the counter of total number of transmissions exceeds maximum number of total transmissions informed by gNB, UE reports random access problem to upper layer.

· The counter of power ramping is increased when UE performs power ramping, i.e., when UE doesn’t change Tx beam and PRACH resource in retransmission or when UE changes Tx beam and counter of beam switching exceeds maximum number of beam switching informed by gNB.

· The counter of beam switching is increased when UE performs Tx beam switching in retransmission, and is reset when the counter of power ramping increases.
Option2: UE uses two counters, i.e., counter of power ramping and counter of beam switching, for PRACH (re)transmission
· When the counter of beam switching exceeds maximum number of beam switching informed by gNB and UE transmission power has already reached at maximum, UE reports random access problem to upper layer.
· The counter of power ramping is increased when UE performs power ramping, i.e., when UE doesn’t change Tx beam and PRACH resource in retransmission or when UE changes Tx beam and counter of beam switching exceeds maximum number of beam switching informed by gNB.

· The counter of beam switching is increased when UE performs Tx beam switching in retransmission, and is reset when the counter of power ramping increases.
Proposal 6: Following two options on UE PRACH counter handling/definition should be further studied. 

· Option1: UE uses three counters, i.e., counter of total number of transmissions, counter of power ramping and counter of beam switching, for PRACH (re)transmission

· When the counter of total number of transmissions exceeds maximum number of total transmissions informed by gNB, UE reports random access problem to upper layer.

· The counter of power ramping is increased when UE performs power ramping, i.e., when UE doesn’t change Tx beam and PRACH resource in retransmission or when UE changes Tx beam and counter of beam switching exceeds maximum number of beam switching informed by gNB.

· The counter of beam switching is increased when UE performs Tx beam switching in retransmission, and is reset when the counter of power ramping increases.

· Option2: UE uses two counters, i.e., counter of power ramping and counter of beam switching, for PRACH (re)transmission

· When the counter of beam switching exceeds maximum number of beam switching informed by gNB and UE transmission power has already reached at maximum, UE reports random access problem to upper layer.

· The counter of power ramping is increased when UE performs power ramping, i.e., when UE doesn’t change Tx beam and PRACH resource in retransmission or when UE changes Tx beam and counter of beam switching exceeds maximum number of beam switching informed by gNB.

· The counter of beam switching is increased when UE performs Tx beam switching in retransmission, and is reset when the counter of power ramping increases.

3. Conclusion 

In this contribution, we discussed on remaining aspects related to power ramping/control. We made the following proposals. 

Proposal 1: Initial transmission power of PRACH preamble is based on path-loss and target received power.

· The path-loss is estimated by using DL reference signal such as SS block or CSI-RS associated with PRACH resource and/or preamble to be used
· The target received power is informed in system information by gNB.
Proposal 2: It is up to UE implementation how to select the PRACH resources according to detected SS blocks.

Proposal 3: UE can change SS block for the pathloss estimate for retransmission.

Proposal 4: When UE changes PRACH resource in retransmission, counter of power ramping keeps unchanged.
Proposal 5: gNB can configure the maximum number of beam switching with the same level of power ramping counter for Msg.1 (re)transmission. 

· UE can conduct beam switching and power ramping at the same time when exceeding the limitation.

Proposal 6: Following two options on UE PRACH counter handling/definition should be further studied. 

· Option1: UE uses three counters, i.e., counter of total number of transmissions, counter of power ramping and counter of beam switching, for PRACH (re)transmission

· When the counter of total number of transmissions exceeds maximum number of total transmissions informed by gNB, UE reports random access problem to upper layer.

· The counter of power ramping is increased when UE performs power ramping, i.e., when UE doesn’t change Tx beam and PRACH resource in retransmission or when UE changes Tx beam and counter of beam switching exceeds maximum number of beam switching informed by gNB.

· The counter of beam switching is increased when UE performs Tx beam switching in retransmission, and is reset when the counter of power ramping increases.

· Option2: UE uses two counters, i.e., counter of power ramping and counter of beam switching, for PRACH (re)transmission

· When the counter of beam switching exceeds maximum number of beam switching informed by gNB and UE transmission power has already reached at maximum, UE reports random access problem to upper layer.

· The counter of power ramping is increased when UE performs power ramping, i.e., when UE doesn’t change Tx beam and PRACH resource in retransmission or when UE changes Tx beam and counter of beam switching exceeds maximum number of beam switching informed by gNB.

· The counter of beam switching is increased when UE performs Tx beam switching in retransmission, and is reset when the counter of power ramping increases.
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