3GPP TSG RAN WG1 Meeting NR#3		R1-1715846
Nagoya, Japan, 18th – 21st, September 2017
Agenda Item:	6.1.4.2
Source: 	LG Electronics
Title: 	RACH procedure 
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and Decision
1. Introduction
This is a revision of R1-1713131. Agreements on the four-step RACH procedure during the previous meeting are captured in the following [1]. In this document, we discuss details on the four-step RACH procedure. 
	Agreements:
· For NR PRACH preamble L=839 with SCS = 1.25 kHz, Ncs restricted set type B is supported in addition to restricted set type A
· For NR PRACH preamble L=839 with SCS 5kHz, Ncs restricted set type A and type B are supported
Agreements:
· At least confirm the working assumption for preamble formats A1, B1, B2, B3
· Not define preamble format B0
· Change TCP value from 192 to 216 and TGP value from 96 to 72 for format B1
Agreements:
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing
Agreements:
· Same cyclic shift values as defined in LTE is applied for NR PRACH preamble format 0 and 1.
· FFS: Whether same cyclic shift values as defined in LTE can be applied for NR PRACH preamble format 2 and 3, considering parameters (e.g. delay spread, guard time, filter length, etc.)
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 initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration


Discussion
1.1. PRACH Configuration 
Mapping of PRACH preamble per RACH resource
In LTE system, the size of PRACH preamble set (i.e max. number of RAPIDs) is up to 64 and the same value can be adopted in NR as well. If multiple TDMed RACH resources (whether or not consecutive) are associated with the same SS 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. Therefore, we define “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. Definitely, DCI(s) scheduling RAR(s) on the PRACH preambles transmitted on the same RACH resources is masked with the same RA-RNTI. Under a single RA-RNTI, there should be up to 64 unique PRACH preamble IDs (RAPID). 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. Similar to LTE, 64 of RAPID is not always supported and the number of RAPIDs (Np≤64) that the system uses should be signalled. Then, UE calculates the number of preambles per RACH resource within a RACH resource group as.
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: 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: Single PRACH preamble format per cell is applied over all RACH resources at least for initial access. 
Time and frequency position of RACH resources
In order to signal RACH resource time domain information, there can be two stages of time domain information; one is to signal slot configuration information on which RACH resources are reserved and the exact RACH resource location in a slot. RACH slot information varies depending on the SCS of PRACH preamble. Based on the PRACH preamble SCS configuration information, UE can derive slot indexing within a radio frame. For example, if the SCS is 15khz, there must be 10 slots in a radio frame. If the SCS is 60khz, there must be 40 slots in a radio frame. 
RACH slot configuration information within 10ms or with larger window can be indicated via bit-map or compressed bitmap but bit map signalling of RACH slots is quite challenging considering the number of slots especially for 120khz SCS(80 slots per radio frame SCS with 120khz). Even the specification should provide the RACH slot occurrence with different intensity and periodicity. Therefore, in order to reduce signalling overhead, RACH slot configuration information per PRACH preamble SCS is preferably provided. In other words, M states per PRACH preamble SCS needs to be specified, where exact value of M needs further discussion and each state per SCS has different RACH slot intensity and/or periodicity. For example, one state exhibits every slot in a second half of a radio frame is reserved for RACH slots with a periodicity of 10ms.  
If the information on the RACH slots is clearly provided, RACH resources within each RACH slots are implicitly obtained from the combination of PRACH preamble format and PRACH msg.1 subcarrier spacing. In order to exactly inform the RACH resource location within a slot, network should also provide slot type information, for example, signalling of starting symbol index of RACH resource as shown in the Figure 2. The slot type signalling can be per RACH slot, but due to signalling overheads, it is more preferable to apply over all RACH slots. 
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Figure 2. Examples of RACH slot type information 
The frequency position of RACH resources is signaled in terms of UL initial BWP and the resource allocation information for PRACH transmission within the BWP. 
To summarize the discussion above, we propose as follows: 
Proposal: For the signalling of time-frequency information for the RACH resource,
· Specify M states of slot location information per PRACH msg.1 SCS, with different RACH slot intensity and/or periodicity
· Provide slot type information in order to indicate the starting symbol index of RACH resource within a slot, which can be OFDM symbol numbers, like {0, 1, 2 }
· The slot type is applied over all RACH slots
· Frequency location of the RACH resource is obtained by UL initial BWP resource allocation information for PRACH transmission within the BWP  

Association of RACH resource and SS block index
Having the RACH resource information as described above, associated SS block index per RACH resource should be provided. Easiest way is to signal the associated SS block index per RACH resource. However, in order to reduce over-the-air signalling, SS blocks are proposed to be mapped on the RACH resources with predefined rules. 
We propose the mapping rules of SS blocks to RACH resources as follows:
Proposal: 
· SS blocks are to be mapped to RACH resource group in time domain in a sequential manner 
· Actual transmitted SS blocks are mapped to RACH resource group
1.2. Message 2 transmission
In RAN1 #90 meeting, RAN1 agreed on the CORESET for RAR as follows: 
	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


It is open whether the CORESET for RAR reception can be different from that for RMSI reception. But, preferably, UE is configured common CORESET for broadcasted system information (like RMSI, OSI and paging) including RAR and message 4 reception as well.
Proposal : UE is configured common CORESET for broadcasted system information (like RMSI, OSI and paging) including RAR and message 4 reception as well
RA-RNTI:
If gNB successfully receives the PRACH preamble from a UE, gNB transmits RAR (Random Access Response, message 2). 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: 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 message 3 transmission. TA value should be based on the SCS of the received PRACH preamble. Waveform information whether SC-FDMA or CP-OFDM indication for msg. 3 transmission should be included. CSI report command can be included in the RAR message for the scheduling of message 4, and it should be decided which RS to be used for the calculation of CSI. 
List of part of contents on PRACH configurations: 
· PRACH preamble format : 4 bits (referring tables in [2])
· Preamble format for long sequence(839) : 4 states
· Preamble format for short sequence (127 or 139) : 11 states
· PRACH msg.1 SCS : 2 bits 
· B6 : 15khz, 30khz, 1.25khz, 5khz
· A6: 60khz, 120khz, [1.25khz, 5khz]
·  PRACH msg.3 SCS : can be done via UL BWP signaling 
· B6: 15khz, 30khz, [60khz]
· A6: 60khz, 120khz, [240khz]
· RACH resource slot configuration information 
· RACH slot indication –X bits 
· M states per PRACH SCS – need tables for RACH time resource
· Slot type information – 2 bits
· UL BWP : Y bits
· Number of RAPIDs(Np)
· Root indices and Ncs
· Number of RACH resources within RACH resource group(Nr)
1.3. Message 3 transmission
Based on the UL grant within RAR, UE transmits msg. 3 (PUSCH). The contents of the msg. 3 may include UE ID, supported subcarrier spacing, CSI report if requested in RAR, SS block indices and corresponding RSRPs. If UE wants to request system information within the msg.3, requested system information block indices can be included. 
UL transmission power for msg.3 can be signalled in the RAR, in terms of offset from the msg. 1 transmission power which is successfully received. If msg. 3 is not successfully received at gNB, gNB may command retransmission of the msg. 3 to UE. In this case, the DL control channel that commands msg.3 retransmission should be CRC masked with TC-RNTI. In other words, if UE does not receive acknowledgement from the gNB, UE waits and monitors PDCCH masked with TC-RNTI during certain time duration. It can be DCI for msg. 4 or DCI for msg. 3 retransmission. If UE fails to receive DCIs for both, UE resumes msg. 1 transmission. 
Proposal: DCI based and asynchronous HARQ for message 3 (re)transmission are supported. 
Conclusion 
In this contribution, we discuss details on the PRACH configurations and RACH procedure. We proposed as follows: 
Proposal: 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 RACN 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: Single PRACH preamble format per cell is applied over all RACH resources at least for initial access. 
Proposal: For the signalling of time-frequency information for the RACH resource,
· Specify M states of slot location information per PRACH msg.1 SCS, with different RACH slot intensity and/or periodicity
· Provide slot type information in order to indicate the starting symbol index of RACH resource within a slot, which can be OFDM symbol numbers, like {0, 1, 2 }
· The slot type is applied over all RACH slots
· [bookmark: _GoBack]Frequency location of the RACH resource is obtained by UL initial BWP resource allocation information for PRACH transmission within the BWP 
Proposal: 
· SS blocks are to be mapped to RACH resource group in time domain in a sequential manner 
· Actual transmitted SS blocks are mapped to RACH resource group
Proposal: UE is configured common CORESET for broadcasted system information (like RMSI, OSI and paging) including RAR and message 4 reception as well
Proposal: 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: DCI based and asynchronous HARQ for message 3 (re)transmission are supported.
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