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Introduction
There were some agreements on RACH in RAN2#98 meeting: 
Agreements 
1. A single configuration for random access in idle mode is provided in minimum system information (pending RAN1 decision), but does not depend on the UE capabilities. This doesn’t restrict multiple configuration for different purposes (e.g. for multiple beam).   RAN2 understanding is that the numerology/physical layer configuration for each step is up to RAN1.
  
As in LTE:
2. After transmitting the RACH preamble, UE monitors for RAR in RAR window
3. RAR window starts at fixed duration from the end of RACH transmission occasion. The value of fixed duration is FFS and shorter than LTE.
4. The size of RAR window is configurable 
5. RAR reception is successful if received RAR corresponds to both the RACH preamble transmitted by UE and RACH resource in which UE has transmitted the RACH preamble
6. As in LTE, random access procedure can be performed on PCell as well as SCell. In case of SCell (other than PSCell), only contention free random access procedure is performed. Random access procedure for SCell (other than PSCell) is only initiated by network.
7. When performing random access procedure on the PCell while CA is configured, UE transmits the RACH preamble on PCell and receives the corresponding RAR on PCell. 
8. When performing contention free random access procedure on the SCell while CA is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell.
9. When performing random access procedure on the PCell or PSCell while DC is configured, UE transmits the RACH preamble and receives RAR on corresponding cell.
10. when performing contention free random access procedure on the SCell (other than PSCell) while DC is configured, UE transmits the RACH preamble on SCell and receives the corresponding RAR on PCell for MCG and PSCell for SCG.

In this contribution, we discuss further the RACH procedure based on the NR characteristics and latest RAN1 progress.
Discussion
In this contribution, we discuss random access procedure from below aspects:
1. Use cases
2. Random access resource selection
3. PREAMBLE_TRANSMISSION_COUNTER
4. Random Access Response reception
5. Contention Resolution

1. Use cases
The following was agreed in RAN2#97bis regarding use cases for random access.
	Agreements:
-	The random access procedure in NR is supported at least for the following events:
(1)	Initial access from RRC_IDLE;
(2)	RRC Connection Re-establishment procedure;
(3)	Handover;
(4)	DL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised";
(5)	UL data arrival during RRC_CONNECTED requiring random access procedure, e.g. when UL synchronisation status is "non-synchronised" or there are no PUCCH resources for SR available.
(6)  Transition from RRC_INACTIVE to RRC_CONNECTED-	



Besides above use cases, two new use cases are discussed in RAN1 and RAN2:
· Beam recovery requests
· On demand SI requests
The first one is discussed in RAN1 now and it is too early to take it as a new use case for RA. The second one is discussed in both RAN1 and RAN2 and should definitely be adopted in NR. So we should take “on demand SI requests” as a new use case for RA.
There is a new characteristic of RA due to on-demand SI requests: gNB doesn’t need to resolve contention for a UE. Currently, there are 2 forms of random access procedures: contention based and non-contention based as shown in Figure 1 and Figure 2. They are not suitable to “on demand SI requests”. So we should introduce the third form of RA procedure: contention tolerant RA procedure and the detail procedure should be decided in the discussion on SI part. The agreement from last meeting is to go for normal RA procedure for on demand SI as much as possible. From this aspect, the contention tolerant RA procedure should not deviate from normal RA procedure.



	             
[bookmark: _Ref484681135]Figure 1 Contention based RA Procedure			 Figure 2 Non-contention based RA Procedure
Proposal 1: The random access procedure in NR is supported for on demand SI requests besides other agreed events.
Proposal 2: There should be 3 forms of random access procedures: contention based, non-contention based, and contention tolerant. The contention tolerant RA procedure should not deviate from normal RA procedure.

2. Random Access Resource selection
It was agreed in RAN1 in last meeting that “Random access (RA) configuration is included in remaining minimum SI.” It extends RAN2 agreement that “A single configuration for random access in idle mode is provided in minimum system information”. Then idle and connected UEs could perform the same actions for random access resource selection.
The preambles and PRACH resources should be classified into several groups. UE selects a preamble/PRACH group based on its need (such as Msg3 size and pathloss) and selects a preamble within the preamble group randomly as in LTE. The Msg3 size should be identified by different preamble/PRACH groups.
For TDD, UE should select one PRACH among the consecutive PRACHs in time domain with equal probability as in LTE.
Proposal 3: As in LTE,
· The Msg3 size should be identified by different preamble/PRACH groups.
· For TDD, UE should select one PRACH among the consecutive PRACHs in time domain with equal probability.

3. PREAMBLE_TRANSMISSION_COUNTER
The parameter PREAMBLE_TRANSMISSION_COUNTER is used for both power ramping and counting the number of RACH attempts. If PREAMBLE_TRANSMISSION_COUNTER = preambleTransMax + 1, UE should indicate a Random Access problem to upper layers (SpCell) or consider the Random Access procedure unsuccessfully completed (SCell).
RAN1 had agreed that:
	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


Similarly, from RAN2 perspective, when the UE performs RACH in another beam, it should not count it as another RACH attempt; otherwise the preambleTransMax should be reached very quickly.
Proposal 4: If the UE conducts beam switching, UE should not increment PREAMBLE_TRANSMISSION_COUNTER.

4. Random Access Response reception
Regarding RAR reception, we need to calculate RA-RNTI and estimate the maximum value of ra-ResponseWindowSize for unambiguous RAR reception.
In LTE, the calculation of RA-RNTI is based on t_id and f_id, and the maximum of ra-ResponseWindowSize is 10ms for normal UEs.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In NR, the frame structure is flexible and the beam dimension needs to be considered in the RA procedure. For RA-RNTI calculation, one solution is to consider the beam ID into the RA-RNTI calculation function and take an OFDM symbol as the granularity of t_id. Another solution is setting the index of PRACH resource within the random access configuration as RA-RNTI directly. The latter is simpler, forward compatible and more flexible since the maximum value of ra-ResponseWindowSize could be variable based on the configuration of PRACH resource period.
Proposal 5: RAN2 considers setting the index of PRACH resource as RA-RNTI directly.
Meanwhile, MAC PDU format of MSG2 should be decided based on further discussions in RAN1 and RAN2. For example, the length of PRAID must be extended in NR.

5. Contention Resolution
Contention resolution based on CCCH or C-RNTI should be reused in NR. For the new form of RA procedure: contention tolerant for on demand SI request, contention resolution for a UE is not needed.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Another consideration is the parameter mac-ContentionResolutionTimer. It is useful in NR. There are many time granularities in NR. For simple design, the granularity of mac-ContentionResolutionTimer  could be subframe (1ms).
Proposal 6: The parameter mac-ContentionResolutionTimer is useful and its granularity could be subframe (1ms).
Conclusion
In this contribution, we discuss the RA procedure and give below proposals.
Proposal 1: The random access procedure in NR is supported for on demand SI requests besides other agreed events.
Proposal 2: There should be 3 forms of random access procedures: contention based, non-contention based, and contention tolerant. The contention tolerant RA procedure should not deviate from normal RA procedure.
Proposal 3: As in LTE,
· The Msg3 size should be identified by different preamble/PRACH groups.
· For TDD, UE should select one PRACH among the consecutive PRACHs in time domain with equal probability.
Proposal 4: If the UE conducts beam switching, UE should not increment PREAMBLE_TRANSMISSION_COUNTER.
Proposal 5: RAN2 considers setting the index of PRACH resource as RA-RNTI directly.
Proposal 6: The parameter mac-ContentionResolutionTimer is useful and its granularity could be subframe (1ms).
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