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1 Introduction
During RAN1#90 meeting, RAN1 made the following agreements for RACH preamble power setting [1]:

Agreements:
· It is up to UE implementation how to select the SS block and corresponding PRACH resource for path-loss estimation and (re)transmission based on SS blocks that satisfy threshold(s)

· If UE does not detect a SS block that satisfy threshold(s), it has the flexibility to select any SS block that allows UE to meet the target received power of the RACH preamble with its maximum transmit power

· UE has a flexibility to select its RX beam to find the list of SS blocks that satisfy the threshold(s)

· FFS: whether threshold(s) for SS block selection is configured or fixed in the spec 
· Counter of power ramping when UE changes its selected SS-block in message 1 re-transmission is unchanged

Agreements:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation
In this contribution, we discuss remaining 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, RACH resource selection during handover, and RACH resource configuration.
2 RACH resource selection during handover
During handover, UE may have to select a SS block or CSI-RS resource/port allowing fast RACH completion. A handover command may include information required for contention based random access (CBRA) and contention free random access (CFRA) so that UE can select a serving SS block/CSI-RS resource/port which may be different from a SS block/CSI-RS resource/port reported in a measurement report and provided with a dedicated RACH resource. 
Considering that CBRA takes longer time than CFRA, UE may want to prioritize CFRA resources. For example, if the CFRA resource is within X time units (e.g, in terms of slots or ms) of a CBRA RACH opportunity, the UE may skip the CBRA RACH opportunity and transmit the RACH preamble on the CFRA. “Valid” RACH transmission opportunities may be RACH resources associated with SS blocks/CSI-RS resources/ports measurements of which are above a RSRP threshold. The value of X may be configured by gNB, depending on the average latency difference between using a CBRA and CFRA.  

Proposal 1: Support UE to select a serving SS block/CSI-RS resource/port and a corresponding RACH resource with assistance from gNB during handover.

3 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 2: 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. 
4 Preamble power setting when changing a serving SS block (or CSI-RS resource/port)
When UE changes a serving SS block/CSI-RS resource/port for preamble 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. 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 
[image: image5.wmf]offset

D

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. 

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. 
5 RACH resource configuration 

In LTE, a UE deterministically derives a RACH preamble format and time and frequency resources for RACH preambles, according to an indicated PRACH configuration index and Table 5.7.1-2/3/4 in 3GPP TS 36.211. In NR, dynamic TDD operation and potential multiplexing of ultra-reliable low-latency communication (URLLC) services with eMBB traffics would make it difficult to predefine uplink slot or the number of uplink symbols in a slot. Accordingly, semi-static configuration of RACH time and frequency resources may not be sufficient for flexible radio resource utilization. 

In NR, UE may determine a RACH time and frequency resource and a RACH preamble format based on combination of semi-static configuration signalling and dynamic indication signalling. Semi-static RACH time and frequency resources can be cell-specifically configured, and gNB can indicate actual availability of the semi-statically configured RACH resources via downlink control information (DCI) in a RACH slot or near the RACH slot (e.g. one or two slots before the RACH slot), wherein the RACH slot includes one or more semi-statically configured common RACH resources. Considering that the number of available uplink symbols in a slot may change in a slot basis, the UE may have to adjust the RACH preamble format (e.g. the number of RACH OFDM/SC-FDMA symbols per RACH preamble, the number of RACH preambles per RACH preamble format) in each RACH slot. 

In one example, the UE is configured by higher-layers for slots with RACH resources and periodicity (in addition to other RACH configuration parameters). UE assumes the RACH resources are present in the configured slot if the UE is not configured to monitor a group common physical downlink control channel (PDCCH) in the slot or if UE is configured to monitor a group common PDCCH and does not decode a group common PDCCH in the slot. If the UE decodes the group common PDCCH in the slot, the group common PDCCH can indicate whether the higher-layer configured RACH resource in the slot can be used for RACH transmission. Additionally, the group common PDCCH can indicate a new RACH resource in a following slot that the UE should use for transmission of RACH. 

Observation 3: In NR, semi-static configuration of RACH time and frequency resources may not be sufficient for supporting dynamic TDD operation and multiplexing URLLC with eMBB traffics. 
Proposal 4: Support a dynamic RACH indication signalling in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation.
6 Conclusion
In summary, we have the following observations and proposals for random access procedures:

· Proposal 1: Support UE to select a serving SS block/CSI-RS resource/port and a corresponding RACH resource with assistance from gNB during handover.
· 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 2: 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 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.
· Observation 3: In NR, semi-static configuration of RACH time and frequency resources may not be sufficient for supporting dynamic TDD operation and multiplexing URLLC with eMBB traffics. 
· Proposal 4: Support a dynamic RACH indication signalling in addition to semi-static RACH resource configuration for flexible RACH time and frequency resource allocation. 
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