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Introduction
The intention of this contribution is to discuss the remaining details on the 4-step random access (RA) procedure in NR.
[bookmark: _Ref470328244][bookmark: _Ref485244653]RA-RNTI
In LTE, the main purpose of RA-RNTI and RAPID is to address a RAR to a specific UE (or UEs in case of contention) that transmitted a specific preamble (with a RAPID) in a specific RACH transmission occasion (with an RA-RNTI). A UE that has transmitted a preamble (with a RAPID) in a certain RACH transmission occasion (corresponding to an RA-RNTI) will monitor the common control channel during the configured RAR window. If the UE decodes a PDCCH with the CRC scrambled with the RA-RNTI, it will try to receive the corresponding PDSCH, and only proceed with a RAR that includes the correct RAPID. In other words, RA-RNTI and RAPID are jointly used to respond to a particular PRACH transmission. A similar approach can be taken in NR.
PRACH preamble transmissions are multiplexed in the time, frequency and index (i.e. code/signature) domains. (When SUL is configured for PRACH transmission, PRACH preamble transmissions are also carrier multiplexed. However, we think the carrier domain should be indicate in RAR instead of RA-RNTI, more detail discussion on RACH procedure for SUL can be found in [3]). In one particular CORESET in time, the RA-RNTI and RAR need to be able to address all PRACH preamble transmissions for which UEs monitor the particular CORESET for a RAR, as illustrated in Figure 1.
Observation 1: The maximum number of PRACH time instances that need to be addressed by RA-RNTI depends on the maximum number of PRACH time instances within the maximum duration RAR window.

[bookmark: _Ref494481613]Figure 1 – The RAR windows (in green) corresponding to the PRACH transmission occasions (in blue) cover the same CORESET (in yellow). The RAR scheduled on the CORESET (in yellow) needs to be able to address preambles in all these PRACH transmission occasions.
Even though the maximum RAR window duration in NR has not been decided, it is clear that the maximum RAR window duration can contain many more PRACH time instances in NR than in LTE, for instance due to PRACH with higher subcarrier spacing. For example, considering a 10 ms maximum RAR window duration containing a maximum of 40 PRACH slots (e.g. assuming 120 kHz SCS PRACH) and 12 PRACH time instances per PRACH slot, a maximum of 480 PRACH time instances would have to be uniquely addressed in a single CORESET, which is much higher than in LTE (10 different time instances). There are several ways to handle this in NR, for example:
· Option 1: All relevant PRACH transmissions occasions are uniquely addressed using RA-RNTI, which is based on the PRACH time index within a PRACH slot,
· E.g. RA-RNTI = 1 + PTID + M*t_id + (M*N*f_id), where
· The PTID (e.g. 0-11) is the PRACH Time instance Index (ID) within a PRACH slot and M is greater than or equal to the maximum number of PRACH time instances within a PRACH slot, e.g. 12.
· t_id is the PRACH slot index and N is greater than or equal to the maximum number of RACH slots within the maximum RAR window duration, 
· f_id is the frequency index.
· Option 2: All relevant PRACH transmission occasions are uniquely addressed using a combination of RA-RNTI and explicit PTID in RAR. 
· E.g. RA-RNTI = 1 + t_id + (N*f_id), 
· The PTID (4 bits) is included in each RAR just as RAPID.
· Option 3: PRACH transmission occasions are addressed using RA-RNTI, which is based on the SS block index used for PRACH resource selection,
· E.g. RA-RNTI = 1 + t_id+ N*SSB_id + N*Y*f_id, where SSB_id is the SS block index used for RACH resource selection and Y is for example 80.
The different options have different benefits and drawbacks in different scenarios.
Option 1 gives each time instance within the time window a unique RA-RNTI. For scenarios with many PRACH transmission occasions per PRACH slot, this may result in a high DCI load for RARs. Still, RARs corresponding to different RAPIDs within one PRACH transmission occasion can still be multiplexed in the same MAC PDU.
Option 2 instead includes an explicit PTID field in the RAR. This results in higher RAR payload, but also allows the multiplexing of RARs with different PTID in the same PDU. However, this may be applicable in some scenarios only, e.g. a single actually transmitted SS block and more than one PRACH time instance per PRACH slot.
Option 3 is similar to Option 1, but replaces the PTID with the SS block index in the RA-RNTI formula. This is beneficial is some scenarios, for example when multiple SS blocks are associated with the same PRACH time instance. This is a suitable association for example when the TRP has digital Rx beamforming and beam correspondence capabilities. However, Option 3 cannot support the scenario with the same SS block being associated with different PRACH time instances in a PRACH slot. Such an association is feasible for example with a single actually transmitted SS block and two PRACH time instances per PRACH slot. In this case, the gNB cannot uniquely address two UEs that transmitted the same RAPID in different PRACH time instances in the same PRACH slot.
Based on the discussion above, we propose the following.
Proposal 1: Each PRACH transmission occasion in the maximum RAR window duration has a unique RA-RNTI, computed based on the PRACH Time instance Index (PTID) within the PRACH slot, the PRACH slot index (t_id) and the frequency index (f_id), e.g.
· RA-RNTI = 1 + PTID + M*t_id + (M*N*f_id)
· The PTID (e.g. 0-11) is the PRACH Time instance Index (ID) within a PRACH slot and M is greater than or equal to the maximum number of PRACH time instances within a PRACH slot, e.g. 12.
· t_id is the PRACH slot index and N is greater than or equal to the maximum number of RACH slots within the maximum RAR window duration, 
· f_id is the frequency index.
RAR Window Duration
The following was agreed regarding RAR window in RAN1:
	Agreements:
· 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
· 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
· FFS: whether CORESET starting position is aligned with slot boundary
· FFS: the value of X
· FFS: whether X is frequency range dependent
· 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:
· 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




The RAR window starts at the first CORESET after PRACH, unless the CORESET follows immediately after the PRACH (X<1 symbol). 
In LTE, the RAR window is configured in units of subframes, which is natural since the LTE PDCCH can come once every subframe. In NR, it is natural to follow the same principle, i.e. to configure the RAR window by units of the RAR CORESETs. In other words, the RAR window ends either after the Nth CORESET (if the UE doesn’t receive a PDCCH in the Nth CORESET) or after the RAR PDSCH scheduled in the Nth CORESET. If the UE has not received a RAR after the Nth RAR CORESET, it may retransmit Msg1 at the next PRACH occasion. However, if the UE has a pending RAR PDSCH scheduled after the decoding of the Nth CORESET, due to a RAR PDCCH with matching RA-RNTI, the UE may retransmit Msg1 only after decoding this last RAR PDSCH.
Proposal 3: The RAR window duration N is configured in units of CORESETs. The RAR window ends after the Nth CORESET or after the last RAR PDSCH (corresponding to the UEs RA-RNTI) that ends after the Nth CORESET.
Conclusions
The following observations and proposals have been made: 
Observation 1: The maximum number of PRACH time instances that need to be addressed by RA-RNTI depends on the maximum number of PRACH time instances within the maximum duration RAR window.
Proposal 1: Each PRACH transmission occasion in the maximum RAR window duration has a unique RA-RNTI, computed based on the PRACH Time instance Index (PTID) within the PRACH slot, the PRACH slot index (t_id) and the frequency index (f_id), e.g.
· RA-RNTI = 1 + PTID + M*t_id + (M*N*f_id)
· The PTID (e.g. 0-11) is the PRACH Time instance Index (ID) within a PRACH slot and M is greater than or equal to the maximum number of PRACH time instances within a PRACH slot, e.g. 12.
· t_id is the PRACH slot index and N is greater than or equal to the maximum number of RACH slots within the maximum RAR window duration, 
· f_id is the frequency index.
Proposal 2: The RAR window duration N is configured in units of CORESETs. The RAR window ends after the Nth CORESET or after the last RAR PDSCH (corresponding to the UEs RA-RNTI) that ends after the Nth CORESET.

References
[1] [bookmark: _Ref477962918]Chairman’s notes RAN1 NR_AH 2017-01
[2] [bookmark: _Ref492757716]Chairman’s notes, RAN1#90, 2017-08
[3] R2-1712279	Discussion on RACH procedure for SUL




	
