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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
RAN1-AH#3 made the following agreements related to RACH procedure:
	Agreements:
· At least for initial access, 
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.
· Send an LS to RAN4 informing tone spacing and bandwidth of different RACH preamble formats 
· Check if these RACH preamble formats are confined within UE’s minimum UL BW 
· Assigned to Dhiraj (Samsung) – R1-1716805, approved in R1-1716814 with the following updates
· The minimum uplink bandwidth needed for supporting this PRACH preamble format is 1.25MHz for 1.25kHz SCS and 5 MHz for 5kHz SCS.
· Update the action to: RAN1 would like to ask RAN4 to take the above information into account in their future work, and to inform RAN1 if there are concerns over the above information.

Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI

Agreements:
· 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

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 

R1-1716898	Summary of Discussion during September 20 regarding Remaining Details of RACH Procedure	Qualcomm Inc.

Agreements:
· 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:
· 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



In this contribution, we discuss the NR random access procedure and address the following points:
· RACH and initial active BWP
· Timing and scheduling
· RA-RNTI
· Timing advance
· Power control related aspects
· QCL assumptions
· RMSI and SS block association
This is a revision of R1-1716138.
2	4-step Random Access Procedure
2.1	PDSCH for RAR and Msg4 and DL BWP
It was agreed in RAN1-AH#3 that at least for initial access:
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 

Then it was left FFS that:
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.

Since gNB is aware of UE’s capabilities regarding BWP only after the RRC Connection has been setup for the UE the Msg4 needs to be transmitted with the same assumptions as Msg2 for UEs in initial access. It’s also considered that there are no use cases to transmit Msg4 in some BWP other than the one used to transmit Msg2 to the same UE. Thus, we conclude that PDSCH for RAR and Msg4 are confined within initial active DL BWP. The initial active DL BWP may be the same as bandwidth of CORESET for RMSI scheduling or according to signaling in RMSI.

Proposal 1: PDSCH for RAR and Msg4 are confined within initial active DL BWP.

2.2	Random Access Response
2.2.1	Random Access Response Window

The length of the RAR window is  slots, using the RAR numerology, as shown in Figure 1. If the gNB receives a preamble, it sends the RAR during the RAR window. After the UE sends a preamble, it attempts to receive the RAR during the RAR window. 
Proposal 2: The RAR window duration is a configurable parameter that is part of the Remaining Minimum SI (RMSI).


[bookmark: _Ref477886503]Figure 1: Timing of RAR window.
In case of handover and multiple/repeated PRACH preambles configured for the UE the RAR window is assumed to start at a fixed duration after the last preamble transmission occasion. 
2.2.2 	Content of RAR
The RAR message includes at least the following fields:
· The PRACH resource/preamble sequence index of the associated preamble.
· Grant for RACH message 3.
· Time advance command.
· Preamble signal quality indicator – this can assist the UE to determine the best UL Tx beam to use for RACH message 3.
· TPC bits for PUSCH (may be combined with the preamble signal quality indicator)

Proposal 3: The RAR message contains at least the following information fields: The PRACH resource/preamble sequence index of the associated preamble, the grant for RACH message 3, time advance command, the preamble signal quality indicator and TPC bits for PUSCH.
2.2.3 	RA-RNTI
In LTE, RA-RNTI is derived from below equation where t_id (0≤t_id<10) is the index of the first subframe of the specified PRACH and f_id (0≤f_id<6) is the index of the specified PRACH within that subframe. In FDD RA-RNTI range is {1,10} and in TDD RA-RNTI range is {1, 60}.
RA-RNTI = 1 + t_id + 10 x f_id
Now in NR there may be multiple PRACH occasions within a slot. To take that into account, RA-RNTI formula could be modified as follows:
RA-RNTI = 1 + s_id + 14x(t_id + 10 x f_id)
where s_id (0≤t_id<14) is the starting symbol number of the transmitted PRACH preamble within a PRACH slot. That approach would increase the required RNTI space to be reserved for RA-RNTI compared to LTE. 
Another option would be to reuse the same formula as in LTE and then the RAPID field in the RAR would be extended to include information like the starting symbol number of the transmitted PRACH preamble. RAPID should be in this case extended with four bits. 
Observation: Two options are identified how the UE determines that RAR corresponds to the PRACH preamble it transmitted:
1) RA-RNTI formula takes into account the multiple PRACH transmission occasions within a PRACH slot.

2) RAPID field in RAR is extended to include information about like the starting symbol number of transmitted PRACH preamble.

Proposal 4: Consider two options for how the UE determines that RAR corresponds to the PRACH preamble it transmitted:
1) RA-RNTI formula takes into account the multiple PRACH transmission occasions within a PRACH slot.
2) RAPID field in RAR is extended to include information about like the starting symbol number of transmitted PRACH preamble 
2.2.4	Timing advance
In LTE, the TA resolution is 16 Ts (Ts=1/(2048x15000)). The TA range is 1282 x the TA step size ~ 667.66 usec. That supports (3x108x667.66x10-6)/2 = 100.16 km which is the maximum propagation distance. 
In NR, one could consider a TA resolution that is a function of the RACH sequence length and subcarrier spacing as in Table 1.
[bookmark: _Ref494722617]Table 1 TA resolution as a function of RACH sequence length and subcarrier spacing
	Sequence Length
	SCS
	TA resolution

	Long
	1.25 KHz
	16 Ts

	Long
	5 KHz
	4 Ts

	Short
	15 KHz
	16 Ts (can also consider 8 Ts)

	Short
	30 KHz
	8 Ts (can also consider 4 Ts)

	Short
	60 KHz
	4 Ts (can also consider 2 Ts)

	Short
	120 KHz
	2 Ts (can also consider Ts)



In NR, there are use cases of supporting extremely long coverage (150 Km to 300 Km) in TR38.913 ‎[1]. Assuming three different number of TA steps: 1282, 2564 and 3846, we can calculate the maximum propagation distances as in Table 2.
[bookmark: _Ref494490235]Table 2 Maximum propagation distance for different PUSCH SCS 
	PUSCH SCS

	Required TA resolution
	Maximum propagation distance

	
	
	1282 steps
	2564 steps
	3846 steps

	15 KHz
	16 Ts
	100.16 km
	200.32 km
	300.47 km

	30 KHz
	8 Ts
	50.08 km
	100.16 km
	150.23 km

	60 KHz
	4 Ts
	25.04 km
	50.08 km
	75.12 km

	120 KHz
	2 Ts
	12.52 km
	25.04 km
	37.56 km



It can be observed that to support a 200 Km or 300 Km cell TA should increase 2564 or 3846 TA_step respectively. This would require increasing the TA field in the RAR from 11 bits to 12 bits.
Observation: It can be observed that to support a 200 Km or 300 Km cell TA should increase to 2564 or 3846 TA_step respectively.
Proposal 5: Increase TA field in the RAR from 11 bits to 12 bits. 
2.3	RACH Message 3 and 4
After the UE receives the random access response (RAR), it transmits RACH message 3. RACH message 3 is transmitted per the UL grant received in the RAR (see section 2.2.2). The gNB will attempt to receive RACH message 3. If RACH message 3 is not successfully received, the gNB can request its retransmission up to a configurable maximum number of retransmissions. RACH message 3 uses asynchronous adaptive HARQ retransmissions.
Proposal 6: NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.
The initial transmit power of RACH message 3 is determined by:
1. Transmission power of the last PRACH preamble sent before the RAR. RACH message 3 is expected to be sent on the same UL Tx beam from the UE that was used to send the last PRACH preamble before the RAR
2. Power control command included in the UL grant sent in the random access response.

Proposal 7: RACH message 3 is sent on the same UE UL Tx beam as that used to transmit the last PRACH preamble before the RAR.
Proposal 8: RACH message 3 power level is determined by the power of the last PRACH preamble before the RAR, adjusted by the power control command in the RAR.

The power level of a subsequent RACH message 3 retransmission is adjusted according to the power control command in the UL grant used to schedule the RACH message 3 retransmission.
Proposal 9: The power level of the RACH message 3 retransmission is determined by the power level of the previous RACH message 3 transmission adjusted by the power control command in the corresponding UL grant.
RACH message 4 is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH. It is up to L2 to decide when and what information is carried on RACH message 4.
Proposal 10: In NR, RACH message 4 is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH.
2.3	On QCL associations in random access procedure 
QCL assumptions in RACH procedure were discussed in RAN1-AH#3 and the following conclusions were made:
[bookmark: _Hlk494365243]Conclusion:
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

In RAN1-AH#3 it was agreed under MIMO AI that:
Agreement:
[bookmark: _Hlk493580546]RS combinations holding QCL assumptions:
· Before RRC configuration of TRS and CSI-RS for both below and above 6GHz
· SSB  DMRS for PDSCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)
· FFS whether restriction on PDSCH scheduling
· SSB  DMRS for PDCCH w.r.t Doppler shift, Doppler spread, average delay, delay spread, spatial RX parameters (spatial RX parameters are used only for above 6GHz)

Referring to above agreements we consider that in RACH procedure
· UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg2 are QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· UE may assume that PDCCH DMRS and PDSCH DMRS for Msg4 transmission are QCLed with the SS block which the preamble/RACH occasion the UE sent is associated to (QCL'ed with that of Msg 2)

Proposal 11: UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg2 are QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to.
Proposal 12: UE may assume that PDCCH DMRS and PDSCH DMRS for Msg4 transmission are QCLed with the SS block which the preamble/RACH occasion the UE sent is associated to.
For Msg3 transmission it’s expected that the UE should assume the same RX beam at gNB as was used for PRACH preamble reception to which received RAR is associated to. In other words, DMRS of PUSCH transmitting Msg3 is QCLed with PRACH preamble for which the UE received RAR.
Proposal 13: DMRS of PUSCH transmitting Msg3 is QCLed with PRACH preamble for which the UE received RAR.  
3	SS Block Selection for Random Access Association
Related to the SS block and corresponding PRACH resource selection RAN1#90 and RAN1-AH#3 made the following agreements:
	RAN1#90:
Agreements [4]:
· 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

RAN1-AH#3:
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



In addition, RAN2 has made the following related agreement how the UE determines the cell quality (RAN2-NR#2):

Agreement
1	Cell quality should be derived by averaging the best beam with the up to N-1 best beams above absolute configured threshold.

Considering above agreements, if the N is configured to be 4, the UE averages SS block RSRP measurement of the best beam with up to 3 next best beams that are above certain threshold. In the following figure, we give an example how the system may be configured and how UE may behave given the current agreements quoted above. In there, the UE may end up selecting RACH resources (RACH resources corresponding to SS block #n or #o in cell B) and SS block (#n or #o) (used as downlink beam in RACH procedure) which could be much worse than the SS block in cell A (#a, #b or #c). This could result contradicting behavior compared to the IDLE mode cell (re)-selection.

[image: ]
Figure 2 Exemplary illustration of SS block and RACH resource selection.

Based on above it seems needed to restrict the set of allowed RACH resources to be ones that correspond to SS blocks that fulfil the cell reselection threshold / criteria. In other words, if the UE does not detect a SS block that satisfy RACH reselection threshold it can only select RACH resource in the selected cell (and correspondingly SS block to be used as DL TX beam) that fulfils the threshold for cell selection. This can be implemented e.g. so that UE would be allowed to use only one of the N SS blocks that have been used for determination of the cell quality of the selected cell. 
Proposal 14: Restrict RACH resource selection to ones that are associated to SS blocks that fulfil the cell (re-) selection criteria or threshold.

4	RACH RMSI parameters

	Agreement[5]:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams
…

Agreements [5]:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).
…



In LTE, the PRACH preamble parameters including timing and PRACH preamble format are provided to the UE in SIB2. In NR, RACH configuration information is to be included in the RMSI, to allow the UE to send RACH as part of initial access. As described in our companion contribution ‎[6], the UE shall be able to determine the PRACH preamble format and sequence parameters and the RACH resource configuration parameters after receiving the RMSI.
Furthermore, the following parameters related to the association between contention-based PRACH preambles and SS blocks are included in the RACH configuration in the RMSI:
· Subset of RACH resources and/or preamble indices can be associated to SS blocks with the following manner:
· One SS block is associated to one subset (e.g. when SS block TX and RACH RX use the same beams)
· Multiple SS blocks can be associated to one/same subset (e.g. when RACH RX uses digital receiver)
· One SS block is associated to multiple subsets in time domain (e.g. when RACH RX uses more narrow beams than SS block TX)

Proposal 15: Support at least the following RRC parameter categories in RMSI:
· PRACH preamble format and sequence parameters
· RACH Resource allocation information
· Parameters related to association between PRACH preambles and SS blocks supporting the following associations:
· One SS block is associated to one subset of RACH resources and/or preamble indices
· Multiple SS blocks can be associated to one/same subset of RACH resources and/or preamble indices
· One SS block is associated to multiple subsets of RACH resources and/or preamble indices

4.1	UL-DL Frequency separation
For FDD the UL carrier frequency is different from the DL carrier frequency. During cell search, the UE determines the DL frequency of the SS block. When transmitting RACH in the UL, the UE needs to know the carrier frequency of the UL as well as the RACH PRB allocation within the UL carrier frequency. The RACH PRB allocation is described in section 5.3. The network informs the UE in the RMSI about the UL-DL frequency separation to determine the UL carrier frequency.
[bookmark: _Hlk492636387]Proposal 16: The UL-DL frequency separation is provided to the UE in the RMSI.
4.2	RACH Resource/preamble Index SS Block association
The association rule establishes a flexible framework that allows one or more SS blocks to be associated to one or more RACH resources/preamble Index.
Let A be the number of SS blocks associated to the same RACH resources/preamble Index. A is the SS block group size. SS block group size can be one SS block, a subset of actually transmitted SS blocks or all actually transmitted SS blocks.
Let B be the number of RACH resources that are associate to the same SS block group. B is the RACH resource group size.
A and B are common for all the SS blocks and the RACH resources.
Proposal 17: An SS block group consisting of A SS blocks can be associated to the same group of RACH resources. A is a configurable value in the RMSI.
Proposal 18: A group of RACH resources consisting of B RACH resources can be associated with an SS block group B is a configurable value in the RMSI.
Each RACH resource has [64] signatures. A signature group is a subset of the [64] signatures that is used for association. There are M signature groups in a RACH resource, where M = [64] / (Signatures in signature group). M can be one, if all signatures of a RACH resource are associated to an SS signature group.
The SS block groups are mapped in ascending order to RACH resource groups. 
SS blocks are associated to signature groups within the RACH resource group that is associated to the SS block group of the SS block in ascending order.
If there are more SS blocks in an SS block group than there are signature groups (i.e. A > M), multiple RACH resource groups are allocated to the same SS block group.
After all SS block groups have been mapped to RACH resource groups, mapping continues cyclically with the first SS block group.
Proposal 19: SS block groups are associated implicitly to RACH resource groups/signature groups implicitly in a predetermined manner.
The following example illustrates how the mapping is done. Let’s assume the following:
· There are 12 SS block groups. A0, A1, A2, …. A11.
· Each SS block group has two SS blocks (e.g. SS Block group An has SS blocks S(2n) and S(2n+1)).
· The RACH resource group size is 3.
· Each RACH slot has 6 PRACH preamble formats (e.g. PRACH preamble format A1).
· There are 2 signature groups with each RACH resource (SG0 and SG1). i.e. assuming each RACH resource has 64 signatures, each signature group will have 32 signatures.
· There are 3 PRB RACH allocations within one RACH slot (F0, F1 and F2)
· There are four RACH slots within the RACH slot pattern period (T0, T1, T2 and T3).
Figure 5 shows the association between the SS blocks and the RACH resources for this example.


[bookmark: _Ref492547843]Figure 5: Example SS block association with RACH resources
5	Conclusions
Related to the four-step random access procedure, the following proposals were made:
Proposal 1: PDSCH for RAR and Msg4 are confined within initial active DL BWP.

Proposal 2: The RAR window duration is a configurable parameter that is part of the Remaining Minimum SI (RMSI).
Proposal 3: The RAR message contains at least the following information fields: The PRACH resource/preamble sequence index of the associated preamble, the grant for RACH message 3, time advance command, the preamble signal quality indicator and TPC bits for PUSCH.
Observation: Two options are identified how the UE determines that RAR corresponds to the PRACH preamble it transmitted:
3) RA-RNTI formula takes into account the multiple PRACH transmission occasions within a PRACH slot.
4) RAPID field in RAR is extended to include information about like the starting symbol number of transmitted PRACH preamble.

Proposal 4: Consider two options for how the UE determines that RAR corresponds to the PRACH preamble it transmitted:
3) RA-RNTI formula takes into account the multiple PRACH transmission occasions within a PRACH slot.
4) RAPID field in RAR is extended to include information about like the starting symbol number of transmitted PRACH preamble 

[bookmark: _GoBack]Observation: It can be observed that to support a 200 Km or 300 Km cell TA should increase to 2564 or 3846 TA_step respectively.
Proposal 5: Increase TA field in the RAR from 11 bits to 12 bits.
Proposal 6: NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.
Proposal 7: RACH message 3 is sent on the same UE UL Tx beam as that used to transmit the last PRACH preamble before the RAR.
Proposal 8: RACH message 3 power level is determined by the power of the last PRACH preamble before the RAR, adjusted by the power control command in the RAR.
Proposal 9: The power level of the RACH message 3 retransmission is determined by the power level of the previous RACH message 3 transmission adjusted by the power control command in the corresponding UL grant.
Proposal 10: In NR, RACH message 4 is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH.
Proposal 11: UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg2 are QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to.
Proposal 12: If there is no beam reporting in RACH Msg3 3, UE may assume that PDCCH DMRS and PDSCH DMRS for Msg4 transmission are QCLed with the SS block which the preamble/RACH occasion the UE sent is associated to.
Proposal 13: DMRS of PUSCH transmitting Msg3 is QCLed with PRACH preamble for which the UE received RAR.
Related to the SS block selection, the following proposal was made:
Proposal 14: Restrict RACH resource selection to ones that are associated to SS blocks that fulfil the cell (re-) selection criteria or threshold.
Related to RACH configuration parameters in the RMSI the following proposals were made:
Proposal 15: Support at least the following RRC parameter categories in RMSI:
· PRACH preamble format and sequence parameters
· RACH Resource allocation information
· Parameters related to association between PRACH preambles and SS blocks supporting the following associations:
· One SS block is associated to one subset of RACH resources and/or preamble indices
· Multiple SS blocks can be associated to one/same subset of RACH resources and/or preamble indices
· One SS block is associated to multiple subsets of RACH resources and/or preamble indices

Proposal 16: The UL-DL frequency separation is provided to the UE in the RMSI.
Proposal 17: An SS block group consisting of A SS blocks can be associated to the same group of RACH resources. A is a configurable value.
Proposal 18: A group of RACH resources consisting of B RACH resources can be associated with an SS block group B is a configurable value.
Proposal 19: SS block groups are associated implicitly to RACH resource groups/signature groups implicitly in a predetermined manner.
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