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In this contribution, we discuss the following points regarding the RACH procedure:
· DCI formats for RAR and Msg3 retransmissions
· CORESET configuration for RACH
· (No) Beam reporting in Msg3
· PRACH preamble power ramping procedure
· Power control related aspects of Msg3

This contribution is revised from R1-1720941. There has been agreement in RAN1#90b to support only Single Msg1 for Rel 15 for contention based random access (CBRA). Our views on multiple preambles for contention-free random access (CFRA) are discussed in [1].
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Random access initiated by PDCCH order
A random access procedure can be initiated by a PDCCH order for UL synchronization, positioning, and obtaining timing advance alignment.  In LTE, this is supported by using DCI format 1A. A DCI format also needs to be designed in NR for random access procedure initiated by a PDCCH order. This can be done in two ways: 
1) reuse the DCI format 1_0 but redefine the bit fields when it is used for scheduling random access procedure initiated by a PDCCH order; 
2) specify a new DCI format dedicated for scheduling random access procedure initiated by a PDCCH order.
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Unlike in LTE, the preamble index cannot be signaled directly in NR. Instead, the UE must choose a preamble associated with one SS/PBCH block or CSI-RS as selected from a configured set of SS/PBCH blocks or CSI-RS. This requires a split in the CFRA resources which there already is a place holder for in RRC, but the details are still to be discussed. 
The DCI content should at least include the following fields:
· UL/SUL indicator. This field is used to indicate to the UE the UL carrier for the corresponding random access preamble transmission, if the UE is configured with two UL carriers for a serving cell [Section 8, TS 38.213] [2].
· Preamble index indicator. Using this indicator together with the SSB or CSI-RS resource that the UE selects, the UE will be able to derive the exact preamble index.
An optional field for FFS
· PRACH Mask Index. Like LTE, this field can be used to indicate the time and frequency resource to be used for the preamble transmission, so that the UE can avoid resource collisions with other UEs. It should also be possible to set the value of the index to 0, such that all resource candidates are available to the UE for its preamble transmission.
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Random Access Response
The current NR specifications TS 38.212 [3] lists two DCI formats, format 1_0 and format 1_1, related to downlink scheduling. However, the agreements, and thereby, the specifications have focused on a normal unicast PDSCH transmission scheduled with C-RNTI. For RAR, not all fields defined in these formats are relevant does not use, for example, HARQ parameters. To avoid increasing the number of blind decoding attempts in the UE, the payload size of the DCI messages scheduled with PI-RNTI/RA-RNTI/SI-RNTI should be the same as the payload size for the already defined DCI format 1_0. Special handling of some of the fields are therefore proposed, following the same approach as in LTE. Our design is presented for RAR in [4] 
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UL grant for Msg3
It is decided in RAN1#91 that UL grant for Msg3 (included in RAR payload) is left to control channel session (Scheduling/HARQ agenda item). Our views on this subject has been submitted to [5]. 

Message 3 retransmissions
Similar to the design principles explained above, DCI for message 3 retransmissions can be based on format 0_0 of TS 38.212 [3]
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In the email discussion [90b-NR-23] after RAN1 #90 bis, the following agreements on CORESET configuration for random access were reached:
Agreements:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.
· FFS: whether the CORESET configuration can be configured outside of the initial active DL BWP.
· By UE-specific RRC signaling, the UE can be configured with one or more CORESET configuration(s) at least for PDCCH scheduling UE-specific data.
· Each CORESET configuration is associated with one or more sets of search spaces.
Note: each set of search spaces is associated with one CORESET configuration.

Based on the above agreements, we have the following observations: 
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Option 2: The CORSET configuration(s) for random access is configured by RMSI.

[bookmark: _Toc503532016][bookmark: _Toc503532051][bookmark: _Toc503532229][bookmark: _Toc503532944][bookmark: _Toc503532996][bookmark: _Toc503533027][bookmark: _Toc503535365][bookmark: _Toc503536363][bookmark: _Toc503536402][bookmark: _Toc503536448][bookmark: _Toc503536677][bookmark: _Toc503536714][bookmark: _Toc503538849][bookmark: _Toc503539073]The agreement does not preclude that different CORESETs are configured separately for message2(RAR)/message3/message4.
With Option 1, the same CORESET configuration is shared for RMSI, message 2, message3-retx and message 4, which simplifies the design. On the other hand, option 2 provides better configuration flexibility. In some cases, the CORESET configured for RMSI may not be large enough to support multiple PDCCHs carrying RMSI/message 2/message 3-retx/message 4. For instance, for the case of frequency multiplexed RMSI and SSB, the time duration for the transmission of RMSI and the CORESET for PDCCH scheduling RMSI may consist of only 4 OFDM symbols, the RMSI CORESET can be configured with a time duration less than 4 symbols. This RMSI CORESET might not be able to support multiplexing of different PDCCHs carry messages related random access. Therefore, option2, i.e., different CORESET configuration(s) is/are needed for random access. However, to simplify the system design, we propose that the same CORESET configuration is used for PDCCHs scheduling different random-access messages. 
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Note that the details of the CORESET configuration for random access, e.g., the set of aggregation levels and the candidates per aggregation level for PDCCH scheduling message 2/message3-retx/message4 can be decided in the control channel session.
Indication of detected PRACH preamble
The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as [3GPP TS 38.321, v 15.0.0, section 5.1.3]:
RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). The values X and Y are specified in TS 38.213 [2].
As per agreements from RAN1#91, RA_RNTI can handle RAR window lengths of up to 10 ms. Here different values  are needed depeding on sub-carrier spacing, e.g. X=10 for SCS of 15 kHz and X=80 for SCS of 120 kHz. This RA-RNTI should be revisited if larger window lengths than 10 ms is needed in the case of multiple Msg1, such that a larger value of X might be needed. The exact values of X can be decided once RAN2 has decided on RAR widndow length. Here different values af X might be needed for single (CFRA and CBRA) preamble and multiple (CFRA) preambles for CFRA. 
The value of Y can be decided once the maximum value of the parameter of “the number of RACH occasions FDMed in one time instance” is agreed [6].
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Timing Advance command
· The following agreements were made regarding contents of TA:
Agreements in RAN1#91
· Maximum size of TA command for RAR is 12 bits.
· Confirm the following working assumption:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR 
Table 3. Granularity of [12] bits TA command 
Subcarrier Spacing (kHz) of the first uplink transmission after RAR
Unit 
15
16*64 Ts
30
8*64 Ts
60
4*64 Ts
120
2*64 Ts
Note:  seconds.

Although the above agreement does not explicitly mention about CBRA or CFRA, TA granularity can depend on subcarrier spacing of the first uplink transmission after RAR even for CFRA.
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(No) Beam reporting in Msg3
· The following agreements regarding Msg3 were agreed on:
Agreements in RAN1#90b:
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption
· 

In the above agreements, there are two FFS regarding beam reporting in msg3. As this topic has not been enough discussed in Initial access session we propose the following.  
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[bookmark: _Toc494360118][bookmark: _Toc494360404][bookmark: _Toc494360530][bookmark: _Toc494361490][bookmark: _Toc494361614][bookmark: _Toc494371959][bookmark: _Toc494372043][bookmark: _Toc494372301][bookmark: _Toc494372356][bookmark: _Toc494443794][bookmark: _Toc494443881][bookmark: _Toc494443922][bookmark: _Toc494444029][bookmark: _Toc494444169][bookmark: _Toc494444231][bookmark: _Toc494444273][bookmark: _Toc494444316][bookmark: _Toc494444370][bookmark: _Toc494448065][bookmark: _Toc494449145][bookmark: _Toc494713379][bookmark: _Toc494715385][bookmark: _Toc494715578][bookmark: _Toc494715679][bookmark: _Toc494720358][bookmark: _Toc494723651][bookmark: _Toc494723762][bookmark: _Ref492651485]PRACH Power Ramping
· In previous RAN1 meetings, the following agreements on PRACH power ramping were reached:
Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· NR does not support to report UE capability of beam correspondence during RACH procedure.
· Note that UE capability of beam correspondence is reported after RACH procedure
· 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
· SS block selection
· 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
· SS block Tx power and RA Power control
· UE computes pathloss based on “SS block transmit power” and SS block RSRP
· At least one “SS block transmit 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
· Maximum Number of PRACH Transmission
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter
· RMSI indicates only a single transmit power for SS blocks in Rel-15
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 



In NR, to determine the preamble transmission power in L1, the MAC processing in the UE first determines the preamble transmission target reception in the MAC protocol as
 
The PREAMBLE_RECEIVED_TARGET_POWER parameter is then handed to L1 which computes the PRACH TX power according to:

where  is the configured maximal UE transmit power for subframe i of serving cell c and  is the downlink path loss estimate calculated in the UE for serving cell c. 
The chosen preamble format affects the reception performance, which is accounted for via the DELTA_PREAMBLE and preambleInitialReceivedTargetPower parameters. For different gNBs in the network, e.g. nodes in different network layers in heterogeneous networks, as well as for different SSB beam in the burst in some deployments, different RACH formats may be configured, i.e. it should not be assumed that the DELTA_PREAMBLE and preambleInitialReceivedTargetPower parameters remain constant during the RA procedure when the UE changes SSB for a retransmission. This is transparent to the UE since each SSB has an associated RMSI form which the UE obtains the appropriate parameter values. 
The  parameter is controlled by the MAC layer that determines the preamble format to be used. However, RAN1 should provide input to RAN2 regarding suitable settings of the parameter. The input can be based on simulation results indicating required SINR for reliable preamble reception in different propagation conditions. 
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Currently, the text In Sec. 7.4 in 38.213 v.15.0.0 refers to a serving cell c regarding PRACH power setting procedures. In NR, in contrast to LTE, the UE responds with PRACH to a specific detected SSB block transmitted by a cell. The text should be updated to reflect the beam sweeping nature of SSB transmission in NR.
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The key performance indicators for random access both to minimize transmitted interference and to minimize random access latency. For the two UE types with and without beam correspondence, it is respectively more and less likely to achieve “first shot right”. For this reason, requirements for UEs with beam correspondence could be made stricter but also more predictable in order to achieve a faster PRACH procedure. This is possible without the serving cell knowing about the UE capability in this respect.
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One such stricter definition is the decision of which beam to use in the UL in UEs with beam correspondence. Reasonably, the corresponding beam to the DL beam is the preferred choice.
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Furthermore, 
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As a consequence,  above is no longer a constant but instead a variable, depending on the selected antenna configuration for the given incrementation step, together with the physical propagation channel of the selected SSB itself. 
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Message 3 power settings
Within Msg. 2, the UE will receive a UCI, including UL power control, see Section 7.1.1 of TS 38.213 [2]. In order for that to be purposeful, and for a UE to optimize its Msg. 3 transmission, it should be obliged to follow the UCI in Msg. 2.
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Another aspect of Msg. 3 in relation to Msg. 1 is the UE antenna configuration. For example, in mmW, it is possible to envision UEs with different antenna panels where only a subset of the panels is used at a time. In order to get a predictable and relevant result from such UEs, it is important that the same antenna configuration is used in Msg. 3 as was used for Msg. 1.
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[bookmark: _Hlk492593688]In this contribution, we made the following observations:

Observation 1	DCI for scheduling random access procedure initiated by a PDCCH order can either use DCI format 1_0 or design a new DCI format.
Observation 2	DCI for RAR can be designed based on DCI format 1_0 with modifications
Observation 3	DCI for Msg3 retransmissions can use DCI format 0_0
Observation 4	The CORESET(s) for random access including message2(RAR)/message3-retx /message4, can be configured by the following two options:
Option 1: Use the same CORESET configuration as for RMSI indicated in PBCH.  Option 2: The CORSET configuration(s) for random access is configured by RMSI.
Observation 5	The agreement does not preclude that different CORESETs are configured separately for message2(RAR)/message3/message4.
Observation 6	RA-RNTI should be revisited if the RAR window length for multiple preambles of CFRA is larger than 10ms.
Observation 7	The agreement regarding TA granularity dependence on subcarrier spacing of the first uplink transmission after RAR is valid also for contention free random access.
Observation 8	The behavior of UEs with beam correspondence may be more strictly defined in order to achieve a more efficient PRACH procedure.
Observation 9	TX beam configuration switching when transmitting the preamble in response to another SSB may also imply the UE changing the beam width or the number of active TX antennas.

[bookmark: _Hlk492593645]In this contribution, we made the following proposals:
Proposal 1	The DCI for scheduling random access procedure initiated by a PDCCH order should at least contain the following fields: UL/SUL indicator, Preamble index indicator, and PRACH Mask Index.
Proposal 2	If configured in RMSI, a single CORESET configuration is configured for random access scheduling message 2/message 3-retx/message 4.
Proposal 3	Do not support beam reporting in Msg3 in Rel 15, given the time constraints to finalize Rel 15 specifications
Proposal 4	RAN1 should provide input to DELTA_PREAMBLE values in 38.321.
Proposal 5	In 38.213, the reference to ”serving cell  c”  should be updated to refer to “current SS block”.
Proposal 6	A UE with beam correspondence should use same corresponding beam in UL as in DL.
Proposal 7	For each SSB (and the associated set of preambles), the UE should base the PRACH preamble TX power on the path loss derived from the RSRP estimate associated with that SSB.
Proposal 8	A UE shall assume the beam processing gain resulting from beam correspondence using the active TX antennas when determining .
Proposal 9	The UE shall adjust its power setting for Msg. 3 with respect to the Msg. 2 UCI.
Proposal 10	The UE shall use the same antenna configuration in Message 3 as in Message 1.
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