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1. Introduction
In this document, we discuss details on the four-step RACH procedure including RACH resource association, RACH resource selection threshold, RAR transmission and Message 3 transmission.

Discussion
1.1. RACH resource association  
RACH resource group in relation to RA-RNTI
[bookmark: _GoBack]Before elaborating association with SS/PBCH block and RACH resource, we would like to introduce RACH resource group as a set of RACH resources, where DCI(s) scheduling RAR(s) on the PRACH preambles on each of the RACH resource within the RACH resource group is masked with the same RA-RNTI. If multiple TDMed RACH resources (whether or not consecutive) are associated with the same SS/PBCH block, RAR on PRACH preambles transmitted on these RACH resources can be transmitted at the same time. This means that RA-RNTI for those PRACH preambles should be the same. In addition, RA-RNTI allocation per RACH resources is somewhat excessive which may lead a shortage of RA-RNTI considering that up to 12 RACH resources per slot can be allocated. In other words, if TDMed multiple RACH resources are associated with the same SS/PBCH block, RA-RNTI for PRACH preambles transmitted on these RACH resources should be the same.
With the notion of “RACH resource group”, network should signal the number of RACH resources (Nr≥1) in time (and possibly frequency if RACH resources are FDMed) per RACH resource group. If [64] of RAPID is not always supported and the number of RAPIDs (Np≤[64]) that the system uses should be signalled, otherwise Np=[64]. Then, UE calculates the number of preambles per RACH resource within a RACH resource group as.
Proposal 1: 
· Define RACH resource group as a set of RACH resources sharing the same RA-RNTI
· DCI(s) scheduling RAR(s) on the PRACH preamble on each of the RACH resources within the RACH resource group is masked with the same RA-RNTI
· Network signals the number of RACH resources per RACH resource group 
· Network signals the number of RAPIDs 
· UE calculates the number of preambles per RACH resource within a RACH resource group

Mapping rules of RACH preambles to RACH resources 
With the constraint of the maximum number of PRACH preamble per RACH resource and RACH resource group, PRACH preambles are assigned to RACH resources/RACH resource group in the order of 
· Increasing cyclic shifts of a root index (where starting root index to be mapped on the firstly coming RACH resource should be signalled)
· Increasing root index
· Increasing time domain allocation 
At least for RACH procedure in IDLE state, there is no reason to use different RACH preamble format per RACH resource considering the target coverage of a cell, so common RACH preamble format (in terms of the same number of repetition) should be applied for all RACH resource.
Proposal 2: 
· PRACH preambles are mapped to RACH resources/RACH resource group with predefined rules in the order of 
· Increasing cyclic shifts of a root index (where starting root index to be mapped on the firstly coming RACH resource should be signalled)
· Increasing root index
· increasing time domain allocation 
Proposal 3: 
· Single PRACH preamble format per cell is applied over all RACH resources at least for initial access. 

SS/PBCH block and RACH resource association
Having the RACH resource information as described in [2], associated SS/PBCH block index per RACH resource should be provided. Easiest way is to signal the associated SS/PBCH block index per RACH resource. However, in order to reduce over-the-air signalling, SS/PBCH blocks are proposed to be mapped on the RACH resources with predefined rules. We propose the mapping rules of SS/PBCH blocks to RACH resources as follows:
Proposal 4: 
· SS/PBCH blocks are to be mapped to RACH resource group in a sequential manner in time domain.
· Actual transmitted SS/PBCH blocks are mapped to RACH resource group

1.2. RACH resource selection threshold  
During RAN1 NR#3 meeting, following agreements were made on the threshold for SS/PBCH block selection for RACH resource. 
· For initial access, threshold for SS/PBCH block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 
However, the agreements should be further clarified. The discussion on the SS/PBCH block selection threshold was triggered whether or not UE has freedom to change RACH resource during RACH procedure, i.e. for PRACH Msg1 retransmission. It is already agreed that UE can change RACH resources during RACH procedure however there should be some criteria to reselect RACH resource, for example, SS/PBCH block RSRP threshold. In other words, if network transmits SS/PBCH block selection threshold and if the threshold is applied for all PRACH Msg1 transmission irrespective of initial or retransmission, UE can be barred for the SS/PBCH block (or cell) if RSRP is lower than the threshold, which is definitely not the intention.
The threshold should be for the RACH resource reselection and when UE wants to change SS/PBCH block, the newly selected SS/PBCH block’s RSRP should be at least equal or higher than the previously targeted SS/PBCH block. Therefore, the threshold should be relative value instead of absolute value. 
Proposal 5: 
· Threshold for SS/PBCH block selection is applied for RACH resource re-selection during RACH procedure and it should be relative RSRP value. 

1.3. RAR transmission
Number of RAPID
During RAN1 NR#3 meeting, LS from RAN2[3] was discussed. Among the questions RAN2 asked, the group has not reached any consensus on the size of RAPID field, whether it is on the number of PRACH preamble per cell or not. In our view, it is the question on the number of PRACH preamble per RA-RNTI and hence the size of the RAPID field should be 6 bits, i.e. 64 preambles per RA-RNTI. In other words, there should be up to 64 unique PRACH preamble IDs (RAPID) under a single RA-RNTI. On the other hand, total number of PRACH preambles is obtained by the multiplication of the number of RAPIP per RA-RNTI and the number of RACH resource group. 

RA-RNTI calculation
If gNB successfully receives the PRACH preamble from a UE, gNB transmits RAR (Random Access Response, Msg2). In LTE, UE monitors RAR within the RAR window and tries to search PDCCH masked with RA-RNTI. RA-RNTI in LTE is calculated as, RA-RNTI = 1+T_id+10*F_id, where, T_id is subframe number and F_id is frequency position of RACH resource in TDD system. 
In NR, RA-RNTI for reception of RAR should be determined. It can be calculated in similar way as LTE and the way of deciding the value of T_id becomes more complex, which can be slot level resolution, symbol group index or symbol number index. In an extreme case, up to 12 of RA-RNTIs are calculated in a slot if T_id resolution is symbol level. With introducing RACH resource group, T_id for RA-RNTI is in terms of RACH resource group size in time, like as a function of slot index and starting symbol index within the slot. 
Proposal 6: 
· RA-RNTI is shared among RACH resources within RACH resource group, for example, 
· RA-RNTI is calculated in a similar manner as in LTE, with some modifications on T_id as
· T_id is unique value among RACH resource group
· T_id can be a function of slot index and starting symbol index within the slot 

Contents of RAR message
Contents of RAR are Random Access Preamble ID, TC-RNTI, TA value and UL resource allocation for Msg3 PUSCH transmission. TA value should be based on the SCS of Msg3 PUSCH. CSI report command can be included in the RAR message for the scheduling of Msg4 PDSCH, and it should be decided which RS to be used for the calculation of CSI. 

1.4. Msg3 PUSCH transmission
RAR schedules Msg3 PUSCH transmission and HARQ ID for the Msg3 PUSCH transmission is not necessarily included in the RAR but it should be known between gNB and UE. Considering Msg3 PUSCH retransmission which is scheduled by ordinary DCI for UL PUSCH transmission, HARQ ID should be fixed for PRACH Msg3 PUSCH such as index of 0 since HARQ ID field is fixed in the DCI.
Based on the UL grant within RAR, UE transmits Msg3 PUSCH. The contents of the Msg3 PUSCH may include UE ID, supported SCS, CSI report if requested in RAR, SS/PBCH block indices and corresponding RSRPs. If UE wants to request system information within the Msg3 PUSCH, requested system information block indices can be included. 
Proposal 7: 
· HARQ process ID for Msg3 PUSCH retransmission is fixed as index of 0.

Conclusion 
In this contribution, we discuss details on the PRACH configurations and RACH procedure. We proposed as follows: 
Proposal 1: 
· Define RACH resource group as a set of RACH resources sharing the same RA-RNTI
· DCI(s) scheduling RAR(s) on the PRACH preamble on each of the RACH resources within the RACH resource group is masked with the same RA-RNTI
· Network signals the number of RACH resources per RACH resource group 
· Network signals the number of RAPIDs 
· UE calculates the number of preambles per RACH resource within a RACH resource group
Proposal 2: 
· PRACH preambles are mapped to RACH resources/RACH resource group with predefined rules in the order of 
· Increasing cyclic shifts of a root index (where starting root index to be mapped on the firstly coming RACH resource should be signalled)
· Increasing root index
· increasing time domain allocation 
Proposal 3: 
· Single PRACH preamble format per cell is applied over all RACH resources at least for initial access. 
Proposal 4: 
· SS/PBCH blocks are to be mapped to RACH resource group in a sequential manner in time domain.
· Actual transmitted SS/PBCH blocks are mapped to RACH resource group
Proposal 5: 
· Threshold for SS/PBCH block selection is applied for RACH resource re-selection during RACH procedure and it should be relative RSRP value. 
Proposal 6: 
· RA-RNTI is shared among RACH resources within RACH resource group, for example, 
· RA-RNTI is calculated in a similar manner as in LTE, with some modifications on T_id as
· T_id is unique value among RACH resource group
· T_id can be a function of slot index and starting symbol index within the slot 
Proposal 7: 
· HARQ process ID for Msg3 PUSCH retransmission is fixed as index of 0.
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Appendix
Agreements: RAN1 NR#3 (2017.09) [1]
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS/PBCH block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols
· For initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration
· At least for initial access, the association between SS/PBCH blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS/PBCH blocks indicated in RMSI
· 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
· RMSI indicates only a single transmit power for SS/PBCH blocks in Rel-15
· For initial access, threshold for SS/PBCH block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling 
· 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
· 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

