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[bookmark: _Ref178064866]Introduction
Random access procedure is used for initial system access, transition from idle to active mode, and handover. It is a critical part of an efficient cellular network design. 
The random-access procedure for NR should reuse the main principles of the LTE design. However, since a wider range of deployment scenarios and increased requirements on lean design are expected, some changes to the legacy procedures are necessary. In particular, RACH transmission principles need refinement.  A proposed design for the NR 4-step random access procedure is illustrated in Figure 1 . 
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[bookmark: _Ref497823833]Figure 1 NR 4-step initial access procedure
In this contribution, we discuss the following points regarding the RACH procedure:
· QCL assumptions
· SSB and RAR, SSB and PRACH
· Contents of RAR
· Sizes of RAPID, TA, UL grant, and TC-RNTI
· RA-RNTI
· Msg3, Msg4
· PRACH preamble power ramping procedure
Power control related aspects of Msg3This contribution is revised from R1-1718716. 
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· The following agreements were made regarding QCL between SSB and RAR:· Agreements in RAN1#90b:UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 


With overlapping subsets of PRACH preamble indices, such as in a many-to-one association between SSB and PRACH preambles, the gNB cannot determine which SSB index was regarded as best received at the UE only from the received PRACH preamble.  Instead the gNB only knows the set of SSB indices which are associated with the same set of PRACH preamble indices. 
When the gNB has beam correspondence, it may determine the transmission beam to be used for RAR from the direction of the received PRACH preamble. Here, the gNB estimates best beamforming when receiving the PRACH preamble, and transmits the RAR in a beam corresponding to the received PRACH preamble beam. However, nothing prevents the UE from transmitting the PRACH preamble with another beamforming as compared to when receiving the SSB, see example in Figure 2. 

[bookmark: _Ref498348931]Figure 2 Several SSBs from gNB and one PRACH preamble from UE
Here, the gNB transmit four SSBs (A) with different beamforming configurations, and the UE is for example receiving SSB number 2 as the best. However, the UE is transmitting the PRACH preamble (B), using another beamformer as compared to when receiving the SSB number 2. The UE might select other beamforming since it lacks reciprocity ability, i.e. it is not capable of reusing the identified receiver beamforming in transmitter beamforming. The UE might even use different antennas for receiving and transmitting. In the example of Figure 2 the transmitted PRACH preamble is reflected in the physical environment between UE and gNB, such that the PRACH preamble arrives at the gNB from another direction as compared to the direction for which the SSB was transmitted to the UE. With overlapping subsets of PRACH preamble indices, as in a many-to-one mapping between SSBs and PRACH preamble, then the gNB doesn’t know which of the SSBs (1-4) was the best for the UE. Thus, the gNB cannot transmit the RAR in a way so that it is received as spatially QCL with the SS block that the UE selected for RACH association and transmission.
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[bookmark: _Toc498410363]The agreement of QCL between SSB and RAR can only be supported without overlapping subsets of PRACH preamble indices between SSBs. With overlapping subsets, the UE should either not assume any QCL between RAR and SSB, or it might assume QCL between transmitted PRACH preamble and received RAR.
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RAR is QCL with PRACH preamble for overlapping subsets of PRACH preamble indices.
In NR, there are deployment scenarios with possible large timing offsets between received default SS block and the RAR NR-PDCCH, where the synchronization signal in SSB may not be suitable for receiving the RAR. These effects are discussed in more detail in [1] where we show that timing and frequency offsets may be created where the NR-PDCCH detection performance will deteriorate.
Random Access Response
RAR contents
[bookmark: _Ref498085463]Random Access Preamble ID (RAPID)
· The following agreements were made regarding contents of RAPID:Agreements in RAN1#90bis:
· Bit field length of RAPID is fixed in the spec.
· (working assumption) Bit field length of RAPID is 6 bits.
· RAN1 is discussing if 8 bits should be considered for bit field length of RAPID
· FFS the impact of SUL
· FFS: How RACH occasion is conveyed to UE



· The following agreements are related to RAPID in RAN2-99bis:Agreements in RAN2#99bis:
1. As in LTE, two bits (T/E) are used and 6 bits RAPID 


[bookmark: _Hlk492655351]In LTE, as there are 64 preambles per cell, the size of RAPID is 6 bits, which also served the purpose that MAC sub-header is octet-aligned. In NR, there might be a need for more than 64 preambles per cell and this means more than 6 bits is needed to convey the detected PRACH preamble in RAR. To deal with this issue, we propose that RAPID indicates a preamble index per SSB index, and instead indicate the SSB index using scrambling, i.e. including SSB index into RA-RNTI, see section 3.1. Also, if more than 64 preambles are configured for each SSB, then the 6 LSB (Least Significant Bits) of the PRACH preamble index can be included in the RAPID
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Timing Advance command
· The following agreements were made regarding contents of TA:
Agreements in RAN1#90b:
· Maximum size of TA command for RAR is 12 (as a working assumption) bits.
· (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.
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Detailed analysis of the number of bits needed for the TA command is made in [4], where we included the effect of subcarrier spacings of Msg1, Msg3, and PRACH formats. Some of the observations and proposals are as follows:
[bookmark: _Toc497814583][bookmark: _Toc497814794][bookmark: _Toc497815006][bookmark: _Toc497815220][bookmark: _Toc497815431][bookmark: _Toc497815642][bookmark: _Toc497815853][bookmark: _Toc497816065][bookmark: _Toc497822871][bookmark: _Toc497823624][bookmark: _Toc497823836][bookmark: _Toc497824477][bookmark: _Toc497914052][bookmark: _Toc497914261][bookmark: _Toc497914703][bookmark: _Toc497917036][bookmark: _Toc497814648][bookmark: _Toc497814859][bookmark: _Toc497815071][bookmark: _Toc497815285][bookmark: _Toc497815496][bookmark: _Toc497815707][bookmark: _Toc497815918][bookmark: _Toc497816130][bookmark: _Toc497822936][bookmark: _Toc497823689][bookmark: _Toc497823901][bookmark: _Toc497824542][bookmark: _Toc497914117][bookmark: _Toc497914326][bookmark: _Toc497914768][bookmark: _Toc497917101][bookmark: _Toc497814651][bookmark: _Toc497814862][bookmark: _Toc497815074][bookmark: _Toc497815288][bookmark: _Toc497815499][bookmark: _Toc497815710][bookmark: _Toc497815921][bookmark: _Toc497816133][bookmark: _Toc497822939][bookmark: _Toc497823692][bookmark: _Toc497823904][bookmark: _Toc497824545][bookmark: _Toc497914120][bookmark: _Toc497914329][bookmark: _Toc497914771][bookmark: _Toc497917104][bookmark: _Toc497814654][bookmark: _Toc497814865][bookmark: _Toc497815077][bookmark: _Toc497815291][bookmark: _Toc497815502][bookmark: _Toc497815713][bookmark: _Toc497815924][bookmark: _Toc497816136][bookmark: _Toc497822942][bookmark: _Toc497823695][bookmark: _Toc497823907][bookmark: _Toc497824548][bookmark: _Toc497914123][bookmark: _Toc497914332][bookmark: _Toc497914774][bookmark: _Toc497917107][bookmark: _Toc497814656][bookmark: _Toc497814867][bookmark: _Toc497815079][bookmark: _Toc497815293][bookmark: _Toc497815504][bookmark: _Toc497815715][bookmark: _Toc497815926][bookmark: _Toc497816138][bookmark: _Toc497822944][bookmark: _Toc497823697][bookmark: _Toc497823909][bookmark: _Toc497824550][bookmark: _Toc497914125][bookmark: _Toc497914334][bookmark: _Toc497914776][bookmark: _Toc497917109][bookmark: _Toc497814658][bookmark: _Toc497814869][bookmark: _Toc497815081][bookmark: _Toc497815295][bookmark: _Toc497815506][bookmark: _Toc497815717][bookmark: _Toc497815928][bookmark: _Toc497816140][bookmark: _Toc497822946][bookmark: _Toc497823699][bookmark: _Toc497823911][bookmark: _Toc497824552][bookmark: _Toc497914127][bookmark: _Toc497914336][bookmark: _Toc497914778][bookmark: _Toc497917111][bookmark: _Toc497814663][bookmark: _Toc497814874][bookmark: _Toc497815086][bookmark: _Toc497815300][bookmark: _Toc497815511][bookmark: _Toc497815722][bookmark: _Toc497815933][bookmark: _Toc497816145][bookmark: _Toc497822951][bookmark: _Toc497823704][bookmark: _Toc497823916][bookmark: _Toc497824557][bookmark: _Toc497914132][bookmark: _Toc497914341][bookmark: _Toc497914783][bookmark: _Toc497917116][bookmark: _Toc497814670][bookmark: _Toc497814881][bookmark: _Toc497815093][bookmark: _Toc497815307][bookmark: _Toc497815518][bookmark: _Toc497815729][bookmark: _Toc497815940][bookmark: _Toc497816152][bookmark: _Toc497822958][bookmark: _Toc497823711][bookmark: _Toc497823923][bookmark: _Toc497824564][bookmark: _Toc497914139][bookmark: _Toc497914348][bookmark: _Toc497914790][bookmark: _Toc497917123][bookmark: _Toc497814680][bookmark: _Toc497814891][bookmark: _Toc497815103][bookmark: _Toc497815317][bookmark: _Toc497815528][bookmark: _Toc497815739][bookmark: _Toc497815950][bookmark: _Toc497816162][bookmark: _Toc497822968][bookmark: _Toc497823721][bookmark: _Toc497823933][bookmark: _Toc497824574][bookmark: _Toc497914149][bookmark: _Toc497914358][bookmark: _Toc497914800][bookmark: _Toc497917133][bookmark: _Toc497814688][bookmark: _Toc497814899][bookmark: _Toc497815111][bookmark: _Toc497815325][bookmark: _Toc497815536][bookmark: _Toc497815747][bookmark: _Toc497815958][bookmark: _Toc497816170][bookmark: _Toc497822976][bookmark: _Toc497823729][bookmark: _Toc497823941][bookmark: _Toc497824582][bookmark: _Toc497914157][bookmark: _Toc497914366][bookmark: _Toc497914808][bookmark: _Toc497917141][bookmark: _Toc497814696][bookmark: _Toc497814907][bookmark: _Toc497815119][bookmark: _Toc497815333][bookmark: _Toc497815544][bookmark: _Toc497815755][bookmark: _Toc497815966][bookmark: _Toc497816178][bookmark: _Toc497822984][bookmark: _Toc497823737][bookmark: _Toc497823949][bookmark: _Toc497824590][bookmark: _Toc497914165][bookmark: _Toc497914374][bookmark: _Toc497914816][bookmark: _Toc497917149][bookmark: _Toc497814704][bookmark: _Toc497814915][bookmark: _Toc497815127][bookmark: _Toc497815341][bookmark: _Toc497815552][bookmark: _Toc497815763][bookmark: _Toc497815974][bookmark: _Toc497816186][bookmark: _Toc497822992][bookmark: _Toc497823745][bookmark: _Toc497823957][bookmark: _Toc497824598][bookmark: _Toc497914173][bookmark: _Toc497914382][bookmark: _Toc497914824][bookmark: _Toc497917157][bookmark: _Toc497814712][bookmark: _Toc497814923][bookmark: _Toc497815135][bookmark: _Toc497815349][bookmark: _Toc497815560][bookmark: _Toc497815771][bookmark: _Toc497815982][bookmark: _Toc497816194][bookmark: _Toc497823000][bookmark: _Toc497823753][bookmark: _Toc497823965][bookmark: _Toc497824606][bookmark: _Toc497914181][bookmark: _Toc497914390][bookmark: _Toc497914832][bookmark: _Toc497917165][bookmark: _Toc497824609][bookmark: _Toc497914184][bookmark: _Toc497914393][bookmark: _Toc497914835][bookmark: _Toc497917168][bookmark: _Toc497497555][bookmark: _Toc497497617][bookmark: _Toc497746900][bookmark: _Toc497746943][bookmark: _Toc497746970][bookmark: _Toc497747085][bookmark: _Toc497747119][bookmark: _Toc497747620][bookmark: _Toc497747686][bookmark: _Toc497817403][bookmark: _Toc497824610][bookmark: _Toc497914185][bookmark: _Toc497914394][bookmark: _Toc497914836][bookmark: _Toc497917169][bookmark: _Toc498410372][bookmark: _Toc498509666][bookmark: _Toc498509754][bookmark: _Toc498509792][bookmark: _Toc498509832][bookmark: _Toc498509961][bookmark: _Toc498510000][bookmark: _Toc498510101][bookmark: _Toc498510214][bookmark: _Toc498510275][bookmark: _Toc498668614][bookmark: _Toc498668705][bookmark: _Toc498668909][bookmark: _Toc498668955][bookmark: _Toc498668997][bookmark: _Toc498669138][bookmark: _Toc498669180][bookmark: _Toc498669271][bookmark: _Toc498669345][bookmark: _Toc498670001][bookmark: _Toc498693056][bookmark: _Toc497823053][bookmark: _Toc497823805][bookmark: _Toc497824017]Support two different TA sizes for RAR: 
5 bits for PRACH formats A0, A1, and B1 (small cells), and 
12 bits for remaining PRACH formats (normal cells)
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[bookmark: _Hlk498083596]Uplink-downlink frame timing in LTE and NR
The TA and the relation to the TA_offset as defined in LTE is discussed in detail within the appendix in section 9. For NR this time for UL/DL switching can be considered in TA command itself.
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UL grant
UL grant depends on the DCI sizes and thereby on the resource allocation unit size (RBG size), which are still under discussion in RAN1 in ‘7.3 Remaining Details on Scheduling/HARQ aspects’ agenda item. Accordingly, the UL grant size decision can be left to Scheduling/HARQ team.  
[bookmark: _Toc497565778][bookmark: _Toc497565865][bookmark: _Toc497565931][bookmark: _Toc497735983][bookmark: _Toc497741399][bookmark: _Toc497758840][bookmark: _Toc497758910][bookmark: _Toc497808007][bookmark: _Toc497814720][bookmark: _Toc497814931][bookmark: _Toc497815143][bookmark: _Toc497815357][bookmark: _Toc497815568][bookmark: _Toc497815779][bookmark: _Toc497815990][bookmark: _Toc497816202][bookmark: _Toc497823009][bookmark: _Toc497823762][bookmark: _Toc497823974][bookmark: _Toc497824433][bookmark: _Toc497914009][bookmark: _Toc497914218][bookmark: _Toc497914660][bookmark: _Toc497916991][bookmark: _Toc498410364][bookmark: _Toc498410449][bookmark: _Toc498668603][bookmark: _Toc498669960][bookmark: _Toc498693011][bookmark: _Toc498697928]UL grant size depends on the DCI size and resource allocation unit size, which can be left to control channel session (Scheduling/HARQ agenda item)

TC-RNTI
There is a discussion ongoing in RAN2 regarding at least three different RNTI’s
· C-RNTI: unique identification, which is used as an identifier of the RRC Connection and for scheduling
· TC-RNTI: identification used for the random-access procedure
· I-RNTI: unique identification used to identify the UE context for RRC_INACTIVE
All these three entities might be related to one another and therefore, we propose to leave the decision of exact size of TC-RNTI to RAN2. 
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[bookmark: _Hlk498494502]Indication of detected PRACH preamble
The RAR should contain an indication of detected PRACH preamble. In LTE [3GPP TS 36.321, section 5.1.4], the CRC for the PDCCH is scrambled by using the RA-RNTI as given by the formula 
RA-RNTI= 1 + t_id+10*f_id
where t_id is the index of the first subframe of the specified RACH (0≤ t_id <10) within one radio frame of 10 ms, and f_id is the index of the specified RACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).
In NR, the RA-RNTI could be computed in a similar manner but with some modifications. For example the slot should be used in t_id to handle different transmission lengths of sub-carrier spacings. This would also mean the “10” should be replaced by the number of slots in a radio frame for the sub-carrier spacing used. For example with a sub carrier spacing of 120 kHz for PRACH preambles, there are 80 slots per radio frame. 
The RAPID within RAR should fit into one octet (8 bits), together with extension and type bits, according to a RAN2 agreement, see discussion in section 3.1.1. Here, it is proposed that the RAPID should include the 6 LSB bits of the PRACH preamble index for each SSB. Thus, if the number fo PRACH preambles per SSB is larger than 64, then the remaing bits of the PRACH preamble index has to be signalled by other means than the RAPID. One straightforward possibility if to include these MSB bits of the PRACH preamble index into the RA-RNTI. 
Let  denote the maximum number of PRACH preambles that can be configured for each SSB, which can be written with bits. The RAPID is indicating the  LSB of the preamble index. The number of remaining bits can then be denoted as the  bits which is the MSB (Most Significant Bits) of the PRACH preamble index. Denote  as the value of the  MSB bits of the preamble index. Then the value of can be include in RA-RNTI.
Without support for overlapping subsets between RACH preambles assocaited to SSBs, the RA-RNTI can be calculated as
RA-RNTI = 1 + slot_id+ X* SSB_index + X*Y*+ X*Y*Z*f_id
where 
· X=80, i.e. a design which supports at least 80 slots per frame corresponding to 120 kHz SCS in uplink and maximum RAR window length of one frame. If the maximum RAR window length is larger than 10 ms, then this value of X has to be increased.
· Y=64, i.e. the number of SSBs per SSB burst set 
· Z= the maximum number of MSB bits of the preamble index to be included in RA-RNTI
For example, if a maximum of 128 PRACH preambles are supported and RAPID is 6 bits, then  and  MSB of the preamble index is included in RA-RNTI such that Z=2 or .
In another example, a maximum of 512 PRACH preambles are supported and RAPID is 6 bits, then  and 3 MSB of the preamble index is included in RA-RNTI such that Z=8.
However, with overlapping subsets of PRACH preamble indices, such as in a many-to-one association between SSB and RACH preambles, then the gNB cannot identify the best SSB (as detected by UE) based on detected RACH preamble. Instead the gNB will only know the group of SSBs which are assocated to the same set of RACH preambles. If we define an index for each such group of SSBs, assosiated to the same set of RACH preambles, as an “RACH_group_index”, then we can include that assocation group index into the RA-RNTI. Thus, the definition of RA-RNTI depends on if RAN1 decide to support for overlapping subsets between RACH preambles assocaited to SSBs.
With support for overlapping subsets between RACH preambles assocaited to SSBs, the RA-RNTI can be calculated as
RA-RNTI = 1 + slot_id+ X* RACH_group_index + X*Y*+ X*Y*Z*f_id
With a one-to-one association between SSB index and PRACH preambles, then the “RACH_group_index” equals the SSB index. With a many-to-one mapping between SSB and PRACH preambles, then several SSBs are associated with the same set of RACH preambles. The SSBs which are associated with the same set of RACH preambles are then labeled with the same “RACH_group_index”. The UE monitors RAR for a RAR transmitted with an RA-RNTI with the RACH group index in which the detected SSB is included.
With a RA-RNTI which depends on SSB group index, then only RACH preamble index associated with the same group of SSBs can be multiplexed into the same RAR. This supports beamforming of RAR with the same beamforming as used for the SSB.
An RNTI which depends on RACH groups or SSB index results in a possibility to send independent Backoff Indicators (BI) in different beams, where each beam corresponds to a group of RACH preambles and thus also to one, or a group of, SSBs.
[bookmark: _Toc498410375][bookmark: _Toc498509669][bookmark: _Toc498509757][bookmark: _Toc498509795][bookmark: _Toc498509835][bookmark: _Toc498509964][bookmark: _Toc498510003][bookmark: _Toc498510104][bookmark: _Toc498510217][bookmark: _Toc498510278][bookmark: _Toc498668617][bookmark: _Toc498668708][bookmark: _Toc498668912][bookmark: _Toc498668958][bookmark: _Toc498669000][bookmark: _Toc498669141][bookmark: _Toc498669183][bookmark: _Toc498669274][bookmark: _Toc498669348][bookmark: _Toc498670004][bookmark: _Toc498693059]With only support for non-overlapping subsets of PRACH preambles between SSBs, then the RA-RNTI is based on 
*SSB index, 
*slot index, 
*frequency index and 
*(N-6) MSB bits of the PRACH preamble index, where 2^N is the configured number of PRACH preambles per SSB.
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*PRACH preamble group index, 
*slot index, 
*frequency index and 
*(N-6) MSB bits of the PRACH preamble index, where 2^N is the configured number of PRACH preambles per SSB.
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There has been agreement in RAN1#90b to support only Single Msg1 for Rel 15 for contention-based RACH. Our views on multiple Msg1 for contention-free RACH are discussed in [5].
Non-slot based scheduling of PDCCH for RAR
· The following agreements were made related to RAR transmission:
Agreements in RAN1#90:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
Agreements in RAN1#AH3:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4
Agreements in RAN1#90b:
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session

We propose to have possibility of RAR transmission in non-slot based scheduling (interpreted as mini-slots in the text below) besides the slot based scheduling. Scheduling RAR in non-slot based scheduling is especially beneficial for supporting low latency and for reducing the resource overhead. 
Low latency: 
· Transmitting in non-slot based scheduling gives the possibility of reducing the time for the successful RACH procedure as PDSCH transmissions can happen much faster. A detailed analysis is provided in [7], which analyses that slot-based scheduling will meet CP latency requirements of 20 ms in some configurations for fastest option but meeting 10 ms is a challenge for CP latency especially for average latency analysis. 
· For analog beamforming, if RAR is transmitted in non-slot based scheduling, then beam sweeping in different directions is possible in very short time compared to the case when RAR is transmitted with slot based scheduling.  
· It is beneficial for supporting low latency even in the case of digital beamforming when RAR is sent by non-slot based scheduling. 
Reduction of resource overhead: 
· When RAR is sent by slot based scheduling, then rest of the frequency resources in a time interval are only usable for UEs in the same direction as the transmitted RAR, when analog beamforming is performed. Instead in this scenario, it is better to allocate many of the frequency resources to RAR and reduce the time interval by non-slot based scheduling of RAR. This serves purpose of using most of the time-frequency grid in a resource efficient way.  
· The RAR can be frequency multiplexed with an SS block if the RAR support non-slot based scheduling. This reduce overhead since sub-carriers outside the SS block allocation can then be used with an analog transmitted beamforming. Typically, a RAR can then be transmitted simultaneously and, with analog transmitter beamforming, in the same direction as a frequency multiplexed SS block.  
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RAR window length
There is an agreement regarding the start of the RAR window from the end of the preamble transmission:
Agreements in RAN1#90:
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported

Agreements in RAN1#AH3:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4
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· According to the above agreement, we need to make sure that the processing time at the gNB has to be accommodated in the RAR window length.  This will impact the maximum RAR window length, but is not any issue if at least the same RAR window length as in LTE is supported.
· The following concepts are also different compared to LTE, which will impact the RAR window length
· Short PRACH preamble formats of only 1 OFDM symbol.
· Periodicity of PRACH configuration
· LTE: Configurable between every subframe up to every 2nd frame 
· NR: Still ongoing discussion: for example, configurable between every subframe up to every 16th frame [6]
· Number of PRACH preambles per cell in NR, is still ongoing discussions in 3GPP, and can be configured to be much higher than in LTE, which might impact capacity of RAR (i.e., how many RARs can we send within RAR window at a time)  
· Start of the RAR window
· In LTE: 
· 3 subframes after end of RACH preamble transmission
· gNB processing time also accounted within start of RAR window
· In NR: 
· accounting only for the UL-DL switch
· gNB processing time should be accounted for in length of RAR window

Shortest RAR window length
In LTE, RAR window length can be configured between 2 subframes up to 10 subframes [parameter ra-ResponseWindowSize, Section 6.3.2 of 36.331-e40]. However, in NR, we need to revisit this concept especially since the periodicity of PRACH preamble might be different than in LTE, and to support low latency use case. There are two different scenarios where we see that a too long RAR window length is not desirable. This is especially important when we want to have a configurable case of low latency support in these scenarios: 
· When the RAR is not received by the UE, the UE follows power ramping as described in Section 5. If the RAR window is too long, this power ramping procedure will impact the overall time for the RACH latency. This power ramping follows when the PRACH preamble must be retransmitted due to no RAR received in UE. 
· When there is no beam correspondence at the UE, then the UE might need to do a transmit beam-sweeping of PRACH preambles. A retransmission of PRACH preambles for CBRA is only allowed after the end of the RAR window. This might take a lot of time and is not desirable for low latency applications. 

Since there is proposal of having PRACH preamble in every subframe [6], and as there are already some agreed short preamble formats with few OFDM symbols long, we propose that there is one configuration, where the RAR window length is ½ slot, i.e. 7 OFDM symbols. With this configuration, and a very short PRACH preamble format such as A0, A1 or A2, it is possibly to transmit both a PRACH preamble from UE and a RAR from gNB in every subframe. 

An illustration is given in Figure 4 of a PRACH preamble with format A0 transmitted in slot n, and a RAR transmitted within a RAR window of ½ slot. The UE can then transmit a new PRACH preamble in slot n+1. Here the UE has the possibility to transmit PRACH preamble in two consecutive slots. A timing gap X of 1 OFDM symbol between the end of Msg1 (PRACH preamble) transmission and the starting position of the CORESET for RARRAR window is used in this illustration. Also, the RAR is assumed to be placed in the same OFDM symbols within a slot as an SSB for 15, 30 or 120 kHz sub-carrier spacings. Furthermore, the RAR is transmitted by using a mini-slot of 4 OFDM symbols.


Figure 3. SSB positions within slots, RAR window of ½ slot, RAR and PRACH preamble from same UE in two consecutive slots
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Longest RAR window length
Based on the discussion in Section 3.3.3.1, we have the following observations related to the longest RAR window length
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In NR, gNB processing time needs to be accounted for in the length of RAR window. Having a long RAR window would be good from gNB perspective as it gives gNB large flexibility when to schedule RAR but this is not good from the perspective of latency of the RACH procedure. Having a short RAR window is good for the latency of the average RACH procedure (even in case of failures of PRACH preambles in first attempts) but this short RAR window will imply requirements on the gNB to process PRACH preambles faster and send RAR.  
As discussed in Section 3.3.3.1, the number or PRACH preambles can be configured to be higher than in LTE. If that is the case, then the number of UEs that can be supported in a cell can be higher than in LTE. If so, then the number of RARs that can be handled at a given time might be increased, which would affect the RAR window length. Thus, in NR we might be need to have a much longer RAR window than what would have been in LTE. The maximum RAR window length needs some analysis based on the above discussion points and therefore, we propose the following. 
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Time gap between Message 2 and Message 3
The following are some agreements taken in control channel session that affects the minimum gap that we can have between Msg2 and Msg3. 
Agreements in RAN1#AH2:
· For NR, RAN1 should consider the UE processing time(s) in terms of symbols (N1, N2) together with absolute time (in us), instead of slots (K)
· N1: the number of OFDM symbols required for UE processing from the end of NR-PDSCH reception to the earliest possible start of the corresponding ACK/NACK transmission from UE perspective.
· N2: the number of OFDM symbols required for UE processing from the end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective.
· Note the timing advance is not included in N1 and N2
· FFS whether other aspects, e.g. UE UL/DL switching time, etc. are included in N1 and N2
· FFS between the following for each combination defined in the next slide
· Opt 1: UE reports N1 and N2 as UE capability
· Opt 2: Fixed values of N1 and N2
· UE is not expected transmit anything in uplink if the network set the values of K1 and/or K2 without leaving sufficient time for UE processing
Agreements in RAN1#90b:
· Finalize Table 1 as the baseline UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.
· Finalize Table 2 as the aggressive UE processing time capability in NR Release 15 at least for slot-based scheduling in the non-CA case with single numerology for PDCCH, PDSCH, and PUSCH.
· FFS: if reduced processing time is achieved with a semi-statically reduced bandwidth and throughput capability relative to the peak rate supportable by the UE.
Table 1. UE Processing Time and HARQ Timing (Capability #1)
Configuration
HARQ Timing Parameter
Units
15 KHz SCS
30 KHz SCS
60 KHz SCS
120 KHz SCS
Front-loaded DMRS only
N1
Symbols
[8]
[10]
[14]
[14-21]
Front-loaded + additional DMRS
N1
Symbols
[13]
[13]
[17]
[21]
Frequency-first RE-mapping
N2
Symbols
[9]
[11]
[17]
[31]
Table 2. UE Processing Time and HARQ Timing (Capability #2)
Configuration
HARQ Timing Parameter
Units
15 KHz SCS
30 KHz SCS
Front-loaded DMRS only
N1
Symbols
[2.5-4]
[2.5-6]
Front-loaded + additional DMRS
N1
Symbols
[12]
[12]
Frequency-first RE-mapping
N2
Symbols
[2.5-6]
[2.5-6]



As can be seen from above agreement, N2 is the parameter which dictates the minimum gap between end of NR-PDCCH containing the UL grant reception to the earliest possible start of the corresponding NR-PUSCH transmission from UE perspective. The same parameter can be used for the gap between Msg 2 and Msg3. 
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Message 3 and Message 4
· The following agreements regarding Msg3 were agreed on:
Agreements in RAN1#90b:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability
· NR supports RACH configuration in RMSI containing 1 bit to convey SCS of Msg3
· In sub-6 GHz, subcarrier spacing of Msg3 can be either 15 or 30 kHz 
· In over-6 GHz, subcarrier spacing of Msg3 can be either 60 or 120 kHz
· NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission
· 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
· HARQ process ID for Msg3 PUSCH retransmission is fixed in the spec.
HARQ process ID for Msg3 PUSCH retransmission is fixed as 0 index.

There is no formal agreement that Msg3 is ordinary PUSCH. Thus, we propose the following agreement
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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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In the email discussion [90b-NR-23] after RAN1 #90 bits, 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: 
[bookmark: _Toc498693013][bookmark: _Toc498697930]The CORESET(s) for random access including message2(RAR)/message3-retx /message4, can be configured by the following two options:
[bookmark: _Toc498693014][bookmark: _Toc498697931]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.

[bookmark: _Toc498693015][bookmark: _Toc498697932]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 consists 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. 
[bookmark: _Toc498693068]If configured in RMSI, a single CORESET configuration is configured for random access scheduling message 2/message 3-retx/message 4.
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.
PRACH Power Ramping
· In RAN1 #89, the following agreements on PRACH power ramping were reached:
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:
· 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

· In RAN1 NR AH#2, further agreements on PRACH power ramping were reached:
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


· In RAN1 #90, further agreements on PRACH power ramping were reached:
Agreements:
· 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


· In RAN1 NR AH#3, further agreements on PRACH power ramping were reached:
Agreements:
· 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 


Previous meetings have made decisions about the PRACH preamble as well as the 4 step RA procedure. Some aspects of power ramping in the PRACH Msg. 1 still remain to be agreed. 
The choice of the SSB and the corresponding resource set for initial PRACH transmission is a critical element for ensuring efficient system access and minimizing its impact on the UL capacity of the network. According to the agreement, the choice of the SSB is up to the UE, subject to the link corresponding to the SSB satisfying an absolute quality threshold criterion. The aim of the procedure is to ensure that the UE can find and proceed with a sufficiently good SSB in a relatively short time, while avoiding hasty PRACH transmission in response to a low-quality SSB or waiting excessively long time to ensure that all possible SSB in the area have been evaluated.
It has been agreed that the threshold for SSB link quality acceptance for PRACH transmission should be configurable by the network.  In order to ensure power-efficient operation, the UE continues detecting and measuring SSBs until an SSB satisfying the threshold is found. If no such SSB is found during the SSB repetition period of the network, the UE determines which of the detected SSB to respond to with PRACH. This is subject to being able to close the link budget given the path loss associated with the SSB. The typical choice would be to use the strongest detected SSB. 
[bookmark: _Toc498670016][bookmark: _Toc498693069]If no SSBs are detected satisfying the threshold, the UE continues SSB detection during a time duration equal to the SSB period. 
A retransmission of the RACH preamble is needed if the UE is unable to decode a RAR. It is up to UE implementation to decide if it retransmits a preamble in a set of preambles corresponding to previously used SSB or change to preambles associated with another SSB. If the UE use the preamble set corresponding to the previously used SSB, then the power ramping as decided in RAN1#89 is used, i.e. if the UE conducts beam switching, the counter of power ramping remains unchanged, otherwise it is increased. 
[bookmark: _Toc498670017][bookmark: _Toc498693070]It is up to UE implementation to determine whether to continue ramping on the same SSB (and the same set of preambles) or to change the SSB. 
By agreeing that beam switching leaves the power ramping unchanged, it is possible to envision a functionality that is similar to that of LTE [8][9]. What differs is the number of antennas and the resulting beamforming they may produce and the possibility for beam correspondence or not. 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.
[bookmark: _Toc498669962][bookmark: _Toc498693016][bookmark: _Toc498697933]The behavior of UEs with beam correspondence may be more strictly defined in order to achieve a more efficient PRACH procedure.
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.
[bookmark: _Toc498670018][bookmark: _Toc498693071]A UE with beam correspondence should use same corresponding beam in UL as in DL.
If the UE is transmitting at maximum power and does still not to receive a Random Access Response (RAR), or a received RAR does not contain a preamble identifier corresponding to the transmitted RA preamble, the random access cycle has been unsuccessful. Such a situation could either depend on the UE being out-of-coverage for the serving cell, or due to the UE using too wide beamforming or beamforming pointing in the wrong direction. 
Similar to LTE, following a failed full random access cycle when the power ramping counter has reached its maximum level, a random back-off period that must pass before the UE may initiate another random access cycle, possibly with different beamforming directions, should be defined.
[bookmark: _Toc498670019][bookmark: _Toc498693072]In case of a failed random access cycle, a random back-off period must pass before the UE may attempt another random access cycle.
Furthermore, the new PRACH attempt should be starting over with the initial power values. 
[bookmark: _Toc498670020][bookmark: _Toc498693073]In case of a failed random access cycle, the  is reset.
In LTE, 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
PREAMBLE_RECEIVED_TARGET_POWER = preambleInitialReceivedTargetPower + DELTA_PREAMBLE + (PREAMBLE_TRANSMISSION_COUNTER – 1) * powerRampingStep;
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 [image: cid:image003.png@01D35328.07ECE800] and  is the downlink path loss estimate calculated in the UE for serving cell[image: cid:image003.png@01D35328.07ECE800]. 
For NR, the LTE principles still apply, but these need to take into account the presence of multiple SSBs per cell and make sure that the more detailed power ramping procedure and SSB-specific path loss is accounted for. The MAC formula can be reused for NR with the new agreed “PREAMBLE_POWER_RAMPING_COUNTER” instead of PREAMBLE_TRANSMISSION_COUNTER. 
[bookmark: _Toc498670021][bookmark: _Toc498693074]The  is incremented according to 
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 no be assumed that the DELTA_PREAMBLE and preambleInitialReceivedTargetPower parameters remain constant during the RA procedure when the UE changes SSB for a retransmission. However, this should be handled by MAC and should be transparent to L1.
In the L1 formula, [image: cid:image001.png@01D35328.07ECE800] needs to be estimated wrt. the specific selected SSB beam transmission. Furthermore, 
[bookmark: _Toc498669963][bookmark: _Toc498693017][bookmark: _Toc498697934]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.
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. 
[bookmark: _Toc498670022][bookmark: _Toc498693075]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.
[bookmark: _Toc498670023][bookmark: _Toc498693076]A UE shall assume the beam processing gain resulting from beam correspondence using the active TX antennas when determining .

[bookmark: _Toc494444372][bookmark: _Toc494448067][bookmark: _Toc494449147][bookmark: _Toc494360121][bookmark: _Toc494360407][bookmark: _Toc494360533][bookmark: _Toc494361493][bookmark: _Toc494361617][bookmark: _Toc494371962][bookmark: _Toc494372046][bookmark: _Toc494372304][bookmark: _Toc494372359][bookmark: _Toc494443797][bookmark: _Toc494443884][bookmark: _Toc494443925][bookmark: _Toc494444032][bookmark: _Toc494444172][bookmark: _Toc494444234][bookmark: _Toc494444276][bookmark: _Toc494444319][bookmark: _Toc494444374][bookmark: _Toc494448069][bookmark: _Toc494449149][bookmark: _Toc494713381][bookmark: _Toc494715387][bookmark: _Toc494715580][bookmark: _Toc494715681][bookmark: _Toc494720360][bookmark: _Toc494723653][bookmark: _Toc494723764][bookmark: _Toc494360123][bookmark: _Toc494360409][bookmark: _Toc494360535][bookmark: _Toc494361495][bookmark: _Toc494361619][bookmark: _Toc494371964][bookmark: _Toc494372048][bookmark: _Toc494372306][bookmark: _Toc494372361][bookmark: _Toc494443799][bookmark: _Toc494443886][bookmark: _Toc494443927][bookmark: _Toc494444034][bookmark: _Toc494444174][bookmark: _Toc494444236][bookmark: _Toc494444278][bookmark: _Toc494444321][bookmark: _Toc494444376][bookmark: _Toc494448071][bookmark: _Toc494449151][bookmark: _Toc494713383][bookmark: _Toc494715389][bookmark: _Toc494715582][bookmark: _Toc494715683][bookmark: _Toc494720362][bookmark: _Toc494723655][bookmark: _Toc494723766][bookmark: _Toc494360102][bookmark: _Toc494360388][bookmark: _Toc494360514][bookmark: _Toc494361474][bookmark: _Toc494361599][bookmark: _Toc494371944][bookmark: _Toc494372027][bookmark: _Toc494372284][bookmark: _Toc494372339][bookmark: _Toc494443777][bookmark: _Toc494443863][bookmark: _Toc494443904][bookmark: _Toc494444011][bookmark: _Toc494444153][bookmark: _Toc494444214][bookmark: _Toc494444254][bookmark: _Toc494444296][bookmark: _Toc494444350][bookmark: _Toc494448045][bookmark: _Toc494449125][bookmark: _Toc494715364][bookmark: _Toc494715557][bookmark: _Toc494715658][bookmark: _Toc494723587][bookmark: _Toc494723628][bookmark: _Toc494723739][bookmark: _Toc494360126][bookmark: _Toc494360412][bookmark: _Toc494360538][bookmark: _Toc494361498][bookmark: _Toc494361622][bookmark: _Toc494371967][bookmark: _Toc494372051][bookmark: _Toc494372309][bookmark: _Toc494372364][bookmark: _Toc494443802][bookmark: _Toc494443889][bookmark: _Toc494443930][bookmark: _Toc494444037][bookmark: _Toc494444177][bookmark: _Toc494444239][bookmark: _Toc494444281][bookmark: _Toc494444324][bookmark: _Toc494444379][bookmark: _Toc494448074][bookmark: _Toc494449154][bookmark: _Toc494713386][bookmark: _Toc494715392][bookmark: _Toc494715585][bookmark: _Toc494715686][bookmark: _Toc494720365][bookmark: _Toc494723658][bookmark: _Toc494723769][bookmark: _Toc494360128][bookmark: _Toc494360414][bookmark: _Toc494360540][bookmark: _Toc494361500][bookmark: _Toc494361624][bookmark: _Toc494371969][bookmark: _Toc494372053][bookmark: _Toc494372311][bookmark: _Toc494372366][bookmark: _Toc494443804][bookmark: _Toc494443891][bookmark: _Toc494443932][bookmark: _Toc494444039][bookmark: _Toc494444179][bookmark: _Toc494444241][bookmark: _Toc494444283][bookmark: _Toc494444326][bookmark: _Toc494444381][bookmark: _Toc494448076][bookmark: _Toc494449156][bookmark: _Toc494713388][bookmark: _Toc494715394][bookmark: _Toc494715587][bookmark: _Toc494715688][bookmark: _Toc494720367][bookmark: _Toc494723660][bookmark: _Toc494723771][bookmark: _Toc494360130][bookmark: _Toc494360416][bookmark: _Toc494360542][bookmark: _Toc494361502][bookmark: _Toc494361626][bookmark: _Toc494371971][bookmark: _Toc494372055][bookmark: _Toc494372313][bookmark: _Toc494372368][bookmark: _Toc494443806][bookmark: _Toc494443893][bookmark: _Toc494443934][bookmark: _Toc494444041][bookmark: _Toc494444181][bookmark: _Toc494444243][bookmark: _Toc494444285][bookmark: _Toc494444328][bookmark: _Toc494444383][bookmark: _Toc494448078][bookmark: _Toc494449158][bookmark: _Toc494713390][bookmark: _Toc494715396][bookmark: _Toc494715589][bookmark: _Toc494715690][bookmark: _Toc494720369][bookmark: _Toc494723662][bookmark: _Toc494723773][bookmark: _Ref494373010]Message 3 power settings
Within Msg. 2, the UE will receive a UCI, including UL power control [10]. 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.
[bookmark: _Toc494360132][bookmark: _Toc494360418][bookmark: _Toc494360544][bookmark: _Toc494361504][bookmark: _Toc494361628][bookmark: _Toc494371973][bookmark: _Toc494372057][bookmark: _Toc494372315][bookmark: _Toc494372370][bookmark: _Toc494443808][bookmark: _Toc494443895][bookmark: _Toc494443936][bookmark: _Toc494444043][bookmark: _Toc494444183][bookmark: _Toc494444245][bookmark: _Toc494444287][bookmark: _Toc494444330][bookmark: _Toc494444385][bookmark: _Toc494448080][bookmark: _Toc494449160][bookmark: _Toc494713392][bookmark: _Toc494715398][bookmark: _Toc494715591][bookmark: _Toc494715692][bookmark: _Toc494720371][bookmark: _Toc494723664][bookmark: _Toc494723775][bookmark: _Toc485208421][bookmark: _Toc485283593][bookmark: _Toc485385657][bookmark: _Toc485386128][bookmark: _Toc490206237][bookmark: _Toc490213379][bookmark: _Toc492049195][bookmark: _Toc492049410][bookmark: _Toc492593681][bookmark: _Toc492651251][bookmark: _Toc492651284][bookmark: _Toc492651430][bookmark: _Toc492651661][bookmark: _Toc492652347][bookmark: _Toc492652488][bookmark: _Toc492652644][bookmark: _Toc492652762][bookmark: _Toc492652914][bookmark: _Toc492653254][bookmark: _Toc492654701][bookmark: _Toc492654736][bookmark: _Toc492655159][bookmark: _Toc492655330][bookmark: _Toc492656391][bookmark: _Toc492656710][bookmark: _Toc492656740][bookmark: _Toc492656772][bookmark: _Toc492656840][bookmark: _Toc492656887][bookmark: _Toc492657054][bookmark: _Toc492890752][bookmark: _Toc492903920][bookmark: _Toc492903954][bookmark: _Toc492904142][bookmark: _Toc492904241][bookmark: _Toc494287125][bookmark: _Toc494290042][bookmark: _Toc494359953][bookmark: _Toc494360133][bookmark: _Toc494360419][bookmark: _Toc494360545][bookmark: _Toc494361505][bookmark: _Toc494361629][bookmark: _Toc494371974][bookmark: _Toc494372058][bookmark: _Toc494372316][bookmark: _Toc494372371][bookmark: _Toc494443809][bookmark: _Toc494443896][bookmark: _Toc494443937][bookmark: _Toc494444044][bookmark: _Toc494444184][bookmark: _Toc494444246][bookmark: _Toc494444288][bookmark: _Toc494444331][bookmark: _Toc494444386][bookmark: _Toc494448081][bookmark: _Toc494449161][bookmark: _Toc494713393][bookmark: _Toc494715399][bookmark: _Toc494715592][bookmark: _Toc494715693][bookmark: _Toc494720372][bookmark: _Toc494723665][bookmark: _Toc494723776][bookmark: _Toc494723810][bookmark: _Toc497565792][bookmark: _Toc497565879][bookmark: _Toc497565945][bookmark: _Toc497735999][bookmark: _Toc497741462][bookmark: _Toc497758903][bookmark: _Toc497758973][bookmark: _Toc497808070][bookmark: _Toc497814789][bookmark: _Toc497815000][bookmark: _Toc497815212][bookmark: _Toc497815426][bookmark: _Toc497815637][bookmark: _Toc497815848][bookmark: _Toc497816059][bookmark: _Toc497816271][bookmark: _Toc497823078][bookmark: _Toc497823830][bookmark: _Toc497824042][bookmark: _Toc497824625][bookmark: _Toc497914198][bookmark: _Toc497914407][bookmark: _Toc497914849][bookmark: _Toc497917185][bookmark: _Toc498410390][bookmark: _Toc498509696][bookmark: _Toc498509783][bookmark: _Toc498509822][bookmark: _Toc498509862][bookmark: _Toc498509991][bookmark: _Toc498510030][bookmark: _Toc498510127][bookmark: _Toc498510238][bookmark: _Toc498510299][bookmark: _Toc498668638][bookmark: _Toc498668729][bookmark: _Toc498668934][bookmark: _Toc498668980][bookmark: _Toc498669019][bookmark: _Toc498669160][bookmark: _Toc498669202][bookmark: _Toc498669293][bookmark: _Toc498669366][bookmark: _Toc498670024][bookmark: _Toc498693077]The UE shall adjust its power setting for Msg. 3 with respect to the Msg. 2 UCI.
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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Using the same beam configuration can be seen as being part of Proposal 26. Nevertheless, if the UE is allowed to change beams between Msg. 1 and Msg. 3, in order to obtain a predictable and relevant result, the UE should adjust the beam forming gain accordingly.
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Conclusion
[bookmark: _Hlk492593688]In section 1 we made the following observations:

Observation 1	The agreement of “DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission” may be violated with overlapping subsets of PRACH preamble indices between SSBs.
Observation 2	UL grant size depends on the DCI size and resource allocation unit size, which can be left to control channel session (Scheduling/HARQ agenda item)
Observation 3	Number of PRACH preambles per cell in NR can be configured to be much higher than in LTE.
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	The behavior of UEs with beam correspondence may be more strictly defined in order to achieve a more efficient PRACH procedure.
Observation 7	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]Based on the discussion in section 1 we propose the following:
Proposal 1	RAR is QCL with SSB, for non-overlapping subsets of PRACH preamble indices and RAR is QCL with PRACH preamble for overlapping subsets of PRACH preamble indices.
Proposal 2	Confirm the working assumption that the size of RAPID field is 6 bits and defined as the 6 LSB of the PRACH preamble index.
[bookmark: _GoBack]Proposal 3	Confirm the working assumption for TA granularity, which depends on the subcarrier spacing of the first uplink transmission after RAR.
Proposal 4	Support two different TA sizes for RAR:  5 bits for PRACH formats A0, A1, and B1 (small cells), and  12 bits for remaining PRACH formats (normal cells)
Proposal 5	The TA command will set the timing advance and provide for sufficient time for UL/DL switching when needed
Proposal 6	RAN1 proposes RAN2 to decide on the size of the TC-RNTI
Proposal 7	With only support for non-overlapping subsets of PRACH preambles between SSBs, then the RA-RNTI is based on  *SSB index,  *slot index,  *frequency index and  *(N-6) MSB bits of the PRACH preamble index, where 2^N is the configured number of PRACH preambles per SSB.
Proposal 8	With support for overlapping subsets of PRACH preambles between SSBs, then the RA-RNTI is based on  *PRACH preamble group index,  *slot index,  *frequency index and  *(N-6) MSB bits of the PRACH preamble index, where 2^N is the configured number of PRACH preambles per SSB.
Proposal 9	Support RAR transmissions in non-slot based scheduling (i.e., mini-slot) of PDCCH in addition to already agreed non-slot based scheduling of PDSCH/PUSCH.
Proposal 10	Shortest RAR window length is ½ slot, suitable for low latency applications
Proposal 11	Support maximum RAR window length of at least 10 slots
Proposal 12	Support RAR window length configurations of {0.5, 1, 2, 4, 8, 16, 32} slots with a maximum length of 10 ms, where the length of the slot is determined by the RAR numerology as indicated in RMSI
Proposal 13	The minimum gap between Msg2 and Msg3 is N2 where the value is decided in the control channel session
Proposal 14	Message 3 is based on PUSCH, specified by uplink grant in RAR
Proposal 15	Do not support beam reporting in Msg3 within Rel 15, given the time constraints to finalize Rel 15 specifications
Proposal 16	If configured in RMSI, a single CORESET configuration is configured for random access scheduling message 2/message 3-retx/message 4.
Proposal 17	If no SSBs are detected satisfying the threshold, the UE continues SSB detection during a time duration equal to the SSB period.
Proposal 18	It is up to UE implementation to determine whether to continue ramping on the same SSB (and the same set of preambles) or to change the SSB.
Proposal 19	A UE with beam correspondence should use same corresponding beam in UL as in DL.
Proposal 20	In case of a failed random access cycle, a random back-off period must pass before the UE may attempt another random access cycle.
Proposal 21	In case of a failed random access cycle, the  is reset.
Proposal 22	The  is incremented according to 
Proposal 23	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 24	A UE shall assume the beam processing gain resulting from beam correspondence using the active TX antennas when determining .
Proposal 25	The UE shall adjust its power setting for Msg. 3 with respect to the Msg. 2 UCI.
Proposal 26	The UE shall use the same antenna configuration in Message 3 as in Message 1.
Proposal 27	If a UE is allowed to change beams between Msg. 1 and Msg. 3, any change in processing gain arising from such beam change must be included in the power control formula.
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In LTE [3GPP TS 36.211], the transmission of the uplink radio frame number  from the UE shall start  seconds before the start of the corresponding downlink radio frame at the UE as shown in Figure 3, where  if the UE is configured with a SCG and  otherwise. For frame structure type 1  and for frame structure type 2  unless stated otherwise in [4]. Note that not all slots in a radio frame may be transmitted. One example hereof is TDD, where only a subset of the slots in a radio frame is transmitted.

Note: 



Figure 3 Uplink-downlink timing relation in LTE



In NR, latest 38.211 v1.1.0 draft specification from RAN1 #90bis meeting, there’s no TA offset description for downlink uplink switching. Only the TA is considered as shown in Figure 4. Transmission of uplink frame number  from the UE shall start  before the start of the corresponding downlink frame at the UE.

Note: 


Figure 4 Uplink-downlink timing relation in NR
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