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1 Introduction
During RAN1#89 [1] and NR Ad-Hoc#2 [2] meetings, RAN1 made the following agreements for RACH preamble power setting:

Agreements from RAN1 #89 [1]:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
Agreements from RAN1 NR Ad-Hoc#2 [2]:
· 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
Furthermore, the following open issues were identified for further discussions [2]:
· 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 discuss further details on RACH preamble power setting, in particular, regarding path loss measurement and power adjustment when changing a serving SS block (i.e. a reference SS block for path loss measurement and RACH resource determination) for retransmission.
2 Discussion on path loss measurement 
In NR, UE may have multiple receive (Rx) antenna groups (e.g. an antenna panel or antenna sub-array).  Different receive antenna groups may have different antenna gains and may be capable of receiving signals from different spatial directions (note that the spatial direction or angle of arrival supported by an antenna group may overlap with that of another antenna group). Similarly, the UE may have multiple transmit (Tx) antenna groups. Different transmit antenna groups may have different antenna gains and may be capable of transmitting or launching signals from different spatial directions (the spatial/launch direction or angle of departure/launch angle supported by an antenna group may overlap with that of another antenna group). 
To determine RSRP or path loss for a given SS block or CSI-RS resource/port, the UE may need to be restricted to only perform or use measurements on set of spatial directions (using the Rx antenna groups) such the uplink (UL) transmissions (using the Tx antenna groups) can be also be launched in those same set of spatial directions. Measurements on spatial directions that are not supported by the set of possible uplink launch angles should not be used for determining RSRP or path loss which is directly related to UL Tx power setting. 
For example, antenna group 1 at UE is used for both Rx antenna group and Tx antenna group, and antenna group 2 at the UE is only used for Rx antenna group. Thus, UE is not capable of using the antenna group 2 for UL transmissions. In this case, downlink (DL) RSRP or path loss measurements related to UL transmission e.g., UL Tx power setting, may be restricted to only be performed on the Rx antenna group 1.
Observation 1: Different Tx/Rx antenna groups at UE may have different antenna gains and may be capable of transmitting/receiving signals to/from different spatial directions.
Observation 2: Some antenna groups at UE may have Tx/Rx beam correspondence (at least for set of spatial directions), and other antenna groups at the UE may not have Tx/Rx beam correspondence.

Proposal 1: DL RSRP or path loss measurements related to UL transmission e.g., UL Tx power setting, may be restricted to only be performed on antenna groups which have Tx and Rx capability and/or beam correspondence. 
3 Preamble power setting when changing a serving SS block (or CSI-RS resource/port)
As discussed in [3], UE should be able to select a suitable SS block or CSI-RS resource/port flexibly depending on scenarios (e.g. for fast RACH completion during handover, RACH load re-distribution), and may change a serving SS block/CSI-RS resource/port for each preamble (re)-transmission of a given RACH procedure.
When UE changes the serving SS block/CSI-RS resource/port for re-transmission, UE’s power ramping level for RACH preamble re-transmission may remain unchanged to avoid additional RACH delay, especially for power-limited UEs. The maximum allowed number of power ramping in addition to the maximum allowed number of preamble transmissions for a given random access procedure can be pre-defined and known to both UE and gNB, or can be configured and indicated by gNB. On the other hand, maintaining the same power ramping level as for the RACH resource associated with the previously selected SS block/CSI-RS resource/port may cause unnecessary interference in the RACH resource associated with the newly selected SS block/CSI-RS resource/port, if power ramping had occurred due to higher interference level in the previously used RACH resource, but if the newly selected RACH resource has low interference level. In this case, it is desired to adjust the preamble transmission power level based on the interference level of the newly selected RACH resource or the interference-level difference between the two RACH resources. 
One option is that a preamble Tx power adjustment value 
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 can be configured by gNB for each of or a subset of one or more SS blocks/CSI-RS resources/ports.  For example, 
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may be 0dB for SS block 0, 3dB for SS block 1, and -2dB for SS block 3.  If not configured with a 
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, (example SS block 2), the UE can assume a value of 0 dB.  The NE may determine the 
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for different SS blocks by measuring the relative interference level on a subset of RACH resource associated with each of the different SS blocks. A UE should apply 
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associated with the (re)selected SS block or CSI-RS resource/port when the UE prepares to (re)transmit a RACH preamble on the RACH resource associated with the (re)selected SS block or CSI-RS resource/port.

Another option is for the preamble Tx power adjustment value 
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 to be dependent on UE’s power ramping level (i.e. the number of power ramping). That is, if change of a serving SS block/CSI-RS resource/port occurs after UE having already reached to a higher power ramping level, a larger preamble Tx power adjustment value may be applied. UE may receive a set of preamble Tx power adjustment values, each of which is applicable to a different power ramping level, as part of RACH configuration. 

If UE’s Tx and Rx beams have different beam widths, UE may have to transmit multiple preambles with 2 or more Tx beams for a given serving SS block/CSI-RS resource/port, and may also have to increase Tx power due to Tx/Rx beamforming gain mismatches. Since each UE may have different antenna/beamforming architecture, how to split Tx beam switching and power ramping within the allowed max. number of preamble transmissions is better to be left up to UE implementation. Greedy UE behaviour (e.g. first, reach to the max power and then do Tx beam switching) may also not be efficient in terms of UE battery life, because it increases Tx power unnecessarily and remains active for multiple preamble transmission with high Tx power.  
Proposal 2: When UE changes the serving SS block/CSI-RS resource/port for re-transmission, UE’s power ramping level for RACH preamble re-transmission may remain unchanged to avoid additional RACH delay.
Proposal 3:The preamble Tx power adjustment value 
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 can be configured by gNB for each of or a subset of one or more SS blocks/CSI-RS resources/ports or for each power ramping level, for preamble Tx power adjustment when changing the serving SS block/CSI-RS resource/port for re-transmission. 
4 Conclusion
In summary, we have the following observations and proposals for UE preamble power setting:

· Observation 1: Different Tx/Rx antenna groups at UE may have different antenna gains and may be capable of transmitting/receiving signals to/from different spatial directions.

· Observation 2: Some antenna groups at UE may have Tx/Rx beam correspondence (at least for set of spatial directions), and other antenna groups at the UE may not have Tx/Rx beam correspondence.

· Proposal 1: DL RSRP or path loss measurements related to UL transmission e.g., UL Tx power setting, may be restricted to only be performed on antenna groups which have Tx and Rx capability and/or beam correspondence. 
· Proposal 2: When UE changes the serving SS block/CSI-RS resource/port for re-transmission, UE’s power ramping level for RACH preamble re-transmission may remain unchanged to avoid additional RACH delay.

· Proposal 3:The preamble Tx power adjustment value 
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 can be configured by gNB for each of or a subset of one or more SS blocks/CSI-RS resources/ports or for each power ramping level, for preamble Tx power adjustment when changing the serving SS block/CSI-RS resource/port for re-transmission.. 
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