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Background
In RAN1 NR Adhoc#2 we concluded on the power control issues. 
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 behaviour 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?

In this contribution we analyze the issues to be discussed further and discuss the Msg1 and Msg3 power control remain issues.

Pathloss estimation in case of SS blocks with different transmitting power
The UEs need to know the Tx power of SS blocks in order to compute pathloss estimate from SS block RSRP, used for PRACH power calculation.
In LTE, the Tx power is given per cell. In NR, the Tx powers for different SS blocks can be different in a cell with heterogeneous TRPs. For example in below figure, the SSB1/2, SSB3, SSB4 are from different TRPs, and TRPs have different transmitting power.


Therefore, signaling of SS burst set Tx power configuration may be needed. The Tx power of each SS block can be indicated in the system information and efficient signalling methods can be further studied.

Proposal 1: The Tx power of each SS block should be indicated in the system information when the Tx powers for different SS blocks are different.
Is the UE required to select the PRACH resources with the highest SS block RSRP
Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?
 
There are several approaches for the UE selection of which three are listed below:
-Approach 1: select the PRACH resources based on the SS block received with the highest SS block RSRP
-Approach 2: select the nearest PRACH resource in time given that the associated SS block RSRP exceeds a predefined threshold. 
-Approach 3: select the PRACH resources based on the smallest pathloss measured from associated SS block. 
For the approach 1, UE can always get the best downlink SS block and can ensure the Msg2 and Msg4 quality. But the PRACH resources may not be the nearest in time and may bring an uncertain delay. If the Tx power of SS blocks are different, the best downlink SS block RSRP doesn’t guarantee the pathloss between the gNB and UE is the smallest.
Approach 2 can guarantee finding the minimum delay PRACH resources but the SS block may not be the best and will bring some difficulty at the Msg2 and Msg4 stage. A suitable threshold of SS block RSRP could be set to balance the RACH delay and Msg2/4 successful decoding rate. 
Approach 3 can be used when the Tx power of SS blocks are different. The smallest pathloss criterion is attractive as this would minimize the PRACH transmit power. In the heterogeneous scenario, this criterion will encourage the UE to access the lower power TRPs and can efficiently reduce the load of high power TRPs. If the Tx power of SS blocks are the same, the criterion will fall back to the best RSRP of SS blocks.
To take the respective advantage of the three approaches, the three approaches could be combined into a combined solution that also leaves room for the UE choose the most suitable approach. UE can choose the SS block with lowest pathloss among the SS blocks with RSRP above a threshold. It can avoid UE choosing the SS block with lowest pathloss but its RSRP is too low which cause the Msg2/4 reception may fail. The combination solution doesn’t prohibit UE selecting the first upcoming PRACH resource (with decent RSRP and pathloss) if latency is critical, even though its pathloss is not the lowest or RSRP is not the highest.
Proposal 2: It is up to the UE to select PRACH resources/indices, with some limiting principles. .
· The UE may select PRACH resources/indices among those within the latency budget time window, e.g. only the next PRACH time instance for latency-critical random access.
· Within the latency budget time window, the UE selects the PRACH resources/indices corresponding to the SS block with lowest pathloss, with RSRP above a threshold.
· For random access aiming at information delivery in Msg.2, such as request of on-demand SI, the UE selects the PRACH resources/indices corresponding to the SS block with the highest RSRP.
Is the UE is allowed to change SS block used for the pathloss estimate for retransmission
The retransmission of Msg1 in case the UE doesn’t get the response from gNB in the RAR reception window can be regarded as an individual transmission of Msg1 from physical layer as there is no residual information stored in the gNB can help to decode the retransmitted Msg1. 
Considering the channel status may change at the retransmission time, it is reasonable to allow changing SS block used for pathloss estimation. 
The frequency of changing the SS block depends on the UE moving speed, wireless environment etc. The trade off between the SS block changing and reuse the SS block of initial transmission should be decided by UE itself.

Proposal 3: A UE is allowed to change SS block for the pathloss estimation for retransmission.
How to calculate the PRACH transmit power for RACH resources associated with CSI-RS

RAN1’s agreement indicates that when calculating the PRACH transmit power of the retransmission, the pathloss is measured at least on the SS block associated with the PRACH resources/preamble subset.  Obviously, the pathloss estimation based on the SS block associated with the PRACH resources/preamble subset can also be used to the initial RACH transmission. 
Another RAN1 agreement indicates that:
-At least for handover case, a source cell can indicate in the handover command, 
-Association between RACH resources and CSI-RS configuration(s)
-Association between RACH resources and SS blocks
-A set of dedicated RACH resources (FFS: time/frequency/sequence)
-Note that above CSI-RS configuration is UE-specifically configured
The question is in the handover case, should the UE estimate the pathloss based on the CSI-RS associated with the RACH resource? 
We have two options here:
Option 1: The pathloss is estimated based on the corresponding selected CSI-RS 
Option 2: The pathloss is estimated based on the SS block which is quasi-co-located with the selected CSI-RS.
The difference between the two options is the pathloss value. 
In general, the beam of SS block is wider than the beam of CSI-RS. At the same transmission power level in gNB, the RSRP of the CSI-RS may be higher than the RSRP of SS block, and this will cause the pathloss estimation based on the CSI-RS is less than the pathloss estimation based on the SS block. Normally the power compensation is based on the beam gain of PRACH compared with the SS block beam gain but not the CSI-RS, so if UE uses the pathloss value based on the CSI-RS, the initial transmission power of RACH may be lower than actual requirement.
Moreover, if the random access based on the dedicated PRACH resources associated to the CSI-RS fails, then the UE fallbacks to select RACH resources based on the SS block and use the common RACH resources instead. To unify the pathloss estimation, option 2 is better. 
It may be so that the best CSI-RS is not QCL with any SS. At least in this case, it seems reasonable to estimate the pathloss base the power on the CSI-RSRP. In any case, the UE needs to measure the CSI-RSRPs in order to select RACH resource. If additionally the CSI-RS transmit powers are known, it seems reasonable to use CSI-RSRP for the power control.
Proposal 4: The pathloss is estimated based on the SS block which is quasi-co-located with the selected CSI-RS when the RACH resources are associated with CSI-RS.
· If the best CSI-RS is not QCL with any SS & the CSI-RS transmit powers are known, the pathloss is estimated based on the CSI-RS RSRP.
PRACH Msg1 power control in case of multiple Msg1
RAN1 agrees that the UE can transmit at maximum power even if it changes its TX beam when UE reaches the maximum power. 
RAN1 also agrees that for contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.
The main intention of multiple Msg1 is to find the best Tx beam of UE at the cost of minimum delay. As the failure indication will not be received before the multiple Msg1, the Tx power of Msg1should keep unchanged regardless if UE changes Tx beam or not.
When UE reaches the maximum power, the UE can transmit at maximum power even if it changes its TX beam in case of multiple Msg1.

Proposal 5: The Tx power of Msg1 should keep unchanged regardless if UE changes Tx beam or not in multiple Msg1 case.
RACH Msg3 power control


The NR PRACH Msg3 power control has no distinct difference with LTE, so NR PRACH Msg3 power control can also be handled by the TPC command like indicated in the RAR. And dynamic power offset can be signalled through RAR, the power offset may be related to the difference of beam gain, numerology or waveform between Msg1 and Msg3.

Proposal 6: The RACH Msg3 power control follows the LTE principle and with the offset related to the difference of beam gain, numerology or waveform between Msg1 and Msg3.

Summary
Based on the previous agreements and the analysis in previous sections of this contribution we can make some conclusions and proposals:
Proposal 1: The Tx power of each SS block should be indicated in the system information when the Tx powers for different SS blocks are different.
Proposal 2: It is up to the UE to select PRACH resources/indices, with some limiting principles. .
· The UE may select PRACH resources/indices among those within the latency budget time window, e.g. only the next PRACH time instance for latency-critical random access.
· Within the latency budget time window, the UE selects the PRACH resources/indices corresponding to the SS block with lowest pathloss, with RSRP above a threshold.
· For random access aiming at information delivery in Msg.2, such as request of on-demand SI, the UE selects the PRACH resources/indices corresponding to the SS block with the highest RSRP.
Proposal 3: A UE is allowed to change SS block for the pathloss estimation for retransmission.
Proposal 4: The pathloss is estimated based on the SS block which is quasi-co-located with the selected CSI-RS when the RACH resources are associated with CSI-RS.
· If the best CSI-RS is not QCL with any SS & the CSI-RS transmit powers are known, the pathloss is estimated based on the CSI-RS RSRP.
Proposal 5: The Tx power of Msg1should keep unchanged regardless if UE changes Tx beam or not in multiple Msg1 case.
Proposal 6: The RACH Msg3 power control follows the LTE principle and with the offset related to the difference of beam gain, numerology or waveform between Msg1 and Msg3.
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