[bookmark: _Ref284200431]3GPP TSG RAN WG1 Meeting #90								R1-1713807
Prague, Czech Republic, 21st – 25th August 2017
Source:	ETRI
Title:		Remaining issues on power ramping during RA procedure in NR
Agenda item:	6.1.1.4.3
Document for:	Discussion/Decision
Introduction
In last RAN1#89 and RAN1-NR#2 meetings, the following agreements related to power ramping for message (Msg.) 1 (re)transmissions during random access (RA) procedure have been achieved for NR [1]-[2].
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:
· 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

It has been noted that several remaining issues should be discussed in this RAN1#90 meeting. In this contribution, we would like to describe our views on remaining issues related to Msg. 1 power ramping during RA procedure for NR.
Msg. 1 power ramping
In this section, we discuss a Msg. 1 power ramping procedure, which follows a similar idea as that of LTE, with some extensions suitable for multi-beam operations.
Parameters for Msg. 1 power ramping
Before discussing power ramping procedure in NR multi-beam environment, the necessary parameters for Msg. 1 power ramping are summarized in Table 1. Note that NR base station (gNB) should at least configure the first two parameters in this table. For the remaining parameters, gNB may or may not configure them in Table 1 for various purposes.
· Through system information (SI), gNB should at least configure the maximum number of  for Msg. 1 (re)transmissions, and the power ramping step size. For power ramping step size configuration, gNB may have two different options as follows. In case of option 1, user equipment (UE) will not change power ramping step size during Msg. 1 (re)transmissions. In case of option 2, UE may select and reselect a value from the gNB-configured set of values during Msg. 1 (re)transmissions.Table 1. Necessary parameters for Msg. 1 power ramping in NR.
Parameters
Value
Configured maximum Msg. 1 transmission number

Configured one or a set of power ramping step size

or 
Number of Msg. 1 transmissions on each Tx beam before reaching maximum Tx power

A subset of UE Tx beams for Msg. 1 (re)transmissions

Maximum Tx power for a UE



· Option 1: Configure a fixed value  out of a set of power ramping step size  to a specific UE.
· Option 2: Configure a set of power ramping step size  to UE.
· Considering multiple beams at UE transmitter (Tx) side, gNB may need to configure a number of  to limit the UE behavior during Msg. 1 (re)transmissions that UE should try  times of Msg. 1 transmissions before Tx beam switching. This value is only applicable to the case that UE Tx power doesn’t reach maximum Tx power. The purpose of configuring value  is to avoid the case of frequent beam switching during Msg. 1 (re)transmissions. Note that gNB can configure  as a fixed number or a maximum number to UE. For example, without configuration of , UE may try a Tx power level just once and then conduct beam switching. Based on the agreements in RAN1 #89 that if the UE conducts beam switching for Msg. 1 retransmission, the counter of power ramping remains unchanged. That is, UE may use the same power level for every beam direction without power ramping. This will lead to the waste of Msg. 1 (re)transmission opportunities, and introduce unexpected interference to other UEs.
· gNB may need to configure a value of , which indicates the maximum number of Tx beams can be used by a UE for Msg. 1 (re)transmissions. The reason of configuring  is to guarantee fairness among multiple UEs since that UEs with different capabilities may have different number of Tx beams. Furthermore, for reducing latency, it might be not necessary for a UE to try all its Tx beam directions during Msg. 1 (re)transmissions. Note that  is a maximum value since that some UE may have less number of Tx beams than. In this case, UE can decide how many beams and which beams are used for Msg. 1 (re)transmissions. Alternatively, this value of  can be decided by UE instead of gNB configuration for the same purpose. In this case, the Tx beam selection for Msg. 1 (re)transmissions can be up to UE implementation.
· Considering different UE capabilities, UEs may be capable of transmitting with different maximum Tx power of . In this case, gNB may need to configure a maximum Tx power of  allowed for Msg. 1 (re)transmissions for fairness from Tx power perspective. In this case, the maximum power for Msg. 1 (re)transmissions for a specific UE is
	.	(1)
On the other hand, if gNB doesn’t configure this maximum Tx power, then the UE maximum Tx power for Msg. 1 (re)transmissions is
	.	(2)
Proposal 1: gNB should at least configure the first two parameters in Table 1 to a UE for Msg. 1 power ramping. For the remaining parameters, gNB may or may not configure them for various purposes.
Pathloss estimation
When setting Tx power for Msg. 1 (re)transmissions, pathloss estimation based on the synchronization signal block (SSB) RSRP should be taken into account. Based on the discussions during last two meetings, there are two different views on pathloss estimation during power ramping, when considering the situation that a new SSB RSRP is higher than that of the currently monitored SSB.
· Alt. 1: SSB reselection for pathloss estimation during a power ramping cycle is not allowed. The main concern in this case is that if SSB reselection is allowed, physical random access channel (PRACH) resources associated with SSBs would be reselected accordingly. However, the interference level on new PRACH resources is unknown to this UE, and the current pathloss estimation and power ramping level are not applicable to new PRACH resources. That is, unexpected interference may be introduced to the new PRACH resources if SSB reselection during a power ramping cycle is allowed. On the other hand, if SSB reselection during a power ramping cycle is not allowed, UE might have to stop the current power ramping cycle and start a new cycle when it monitored another better SSB. This will lead to a longer latency during RA procedure.
· Alt. 2: SSB reselection for pathloss estimation during a power ramping cycle is allowed. If SSB reselection is allowed during a power ramping cycle, the UE RA latency might be shorter compared to Alt. 1 above. Even though more interference might be introduced to the new PRACH resources, we consider that the RA latency is more crucial, so we prefer to have this Alt. 2 in NR.
Proposal 2: SSB reselection for pathloss estimation during a power ramping cycle should be allowed in NR.
Power ramping step size selection
As described above, gNB may have different ways to configure power ramping step size value to a specific UE. If the SSB reselection for pathloss estimation during a power ramping cycle is allowed, it might be beneficial for gNB to configure to UE a set of power ramping step size of  instead of a single value  out of this set. In this case, UE may have the capability of performing power ramping step size (re)selection during Msg. 1 (re)transmissions. The reason why we think power ramping step size reselection might be necessary is that we want UE to reselect a reasonable value to guarantee that the maximum Tx power at UE can be achieved within the remaining Msg. 1 transmission trials after SSB and PRACH resources reselection. This may help to speed up RA procedure and decrease the failure probability of current power ramping cycle.
Proposal 3: NR should allow UE to perform power ramping step size (re)selection during a power ramping cycle.
UE behavior at maximum power
As agreed in RAN1-NR#2 meeting, if the recalculated Tx power is still higher than the UE maximum power after reaching UE maximum Tx power, UE can transmit at maximum power even if it changes its Tx beam. On the other hand, if gNB allows UE to reselect SSB based on the measured RSRP of SSBs during Msg. 1 (re)transmissions, the newly estimated pathloss would become lower and the PRACH resources might be different due to association between SSBs and PRACH resources. For example, UE might transmit its Msg. 1 with its maximum Tx power before SSB reselection, but the recalculated Tx power after SSB reselection is lower than UE’s maximum Tx power. In this case, UE should be able to ramp up its Tx power again when it is necessary for the remaining Msg. 1 retransmissions.
Proposal 4: After reaching maximum power at UE, if the recalculated Tx power is lower than UE’s maximum Tx power, UE should be able to ramp up its Tx power again when it is necessary for the remaining Msg. 1 retransmissions.
Ending conditions of power ramping cycle
The ending conditions of current power ramping cycle can be summarized as follows. 
1. An RA response (RAR) is received by UE after its Msg. 1 (re)transmission;
2. The number of Msg. 1 (re)transmissions exceeds the configured maximum number of ;
3. The UE maximum Tx power has been tried on every selected () Tx beam directions for  times, where we prefer to have this y value equal to 1;
4. A newly measured SSB RSRP is higher than the RSRP of currently monitored SSB.
Note that condition 3 is proposed considering that the current power ramping cycle can be finished earlier before trying all the configured  trials. Condition 4 is the ending condition dedicated for the case that SSB reselection is not allowed within a power ramping cycle. Therefore, whenever any one of these conditions is met, the current power ramping cycle should be stopped.
Proposal 5: The listed ending conditions above should be supported by NR to stop the current power ramping cycle.
Further discussions
[bookmark: _GoBack]As aforementioned, the number of beam switching during power ramping cycle should be minimized based on the agreements in RAN1#89 that the counter for power ramping will not be changed when UE conducts beam switching. Also, since configuration of power ramping step size may cost expensive bits in SI especially if a set of power ramping step size values are configured instead of single value, it might be beneficial for a UE to be capable of calculating its own power ramping step size value. According to the variation of pathloss estimation, UE can recalculate power ramping step size dynamically. If it is allowed for a UE to calculate its own power ramping step size value, more degree of freedom can be left to UE. That is, only the 1st parameter in Table 1 is necessarily to be configured and all the remaining parameters (except for the 3rd parameter) in this table might be decided by UE and up to UE’s implementation.
Proposal 6: NR should study the benefits of allowing UE to calculate its own power ramping step size instead of configuration by gNB.
Conclusion
In this contribution, we have the following proposals.
Proposal 1: gNB should at least configure the first two parameters in Table 1 to a UE for Msg. 1 power ramping. For the remaining parameters, gNB may or may not configure them for various purposes.
Proposal 2: SSB reselection for pathloss estimation during a power ramping cycle should be allowed in NR.
Proposal 3: NR should allow UE to perform power ramping step size (re)selection during a power ramping cycle.
Proposal 4: After reaching maximum power at UE, if the recalculated Tx power is lower than UE’s maximum Tx power, UE should be able to ramp up its Tx power again when it is necessary for the remaining Msg. 1 retransmissions.
Proposal 5: The listed ending conditions above should be supported by NR to stop the current power ramping cycle.
Proposal 6: NR should study the benefits of allowing UE to calculate its own power ramping step size instead of configuration by gNB.
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