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1. Introduction

At the RAN1 #90 meeting, random access procedure including power ramping/control was discussed and RAN1 made following agreements [1].
	Agreements:
· 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

Agreements:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation

Agreements:
· NR supports the total maximum number of transmissions, M (like LTE), per carrier to indicate Random Access problem
· M is NW configurable parameter

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

Agreements:
· For contention-based NR 4-step RA procedure

· SCS for Msg 1 

· configured in the RACH configuration

· SCS for Msg 2

· the same as the numerology of RMSI

· SCS for Msg 3

· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4

· the same as in Msg.2

· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command

Agreements:
· NR studies reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access

· NR studies reporting of multiple SS block indices through Msg1 of contention free random access procedure

· e.g. network can assign multiple RACH transmission times and RACH preambles to the UE. UE can convey one SS block index by selecting a RACH transmission time and another SS block index implicitly by selecting a RACH preamble


In this contribution, we discuss on remaining issues of 4-step random access procedure.
2. PRACH/RACH configuration
In LTE, PRACH/RACH configuration includes following parameters.
· PRACH preamble parameters

· E.g., Preamble format index, Root sequence index, Zero correlation zone config

· Time and frequency resource parameters

· E.g., Subframe index, Frequency offset

· Preamble retransmission parameters

· E.g., Power ramping step

NR PRACH/RACH configuration will at least include the similar information as in LTE. Additionally, NR PRACH/RACH configuration would need to have more flexibility than that in LTE, especially for time and frequency resource parameters. The time duration of NR PRACH preamble has more variety in symbol unit, e.g., 1, 2, 4, 6 and 12 symbols for data, than in LTE, i.e., in subframe unit except for preamble format 4 for UpPTS in TDD. Thus time resource indication parameters can be modified from that of LTE. Furthermore, repetition of RACH occasions within a slot can be considered [2]. In order to realize it, indication of time resource in symbol unit and the number of repetition of RACH occasions within a slot would be needed. Fig.1 shows the example when start timing of time resource is 3rd symbol and the number of repetition of RACH occasions is three.
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Figure.1: Example of indication of RACH occasions

In addition, the number of NR RACH resources in time/frequency domain can be also more flexible so as to meet required capacity.
Observation 1: NR PRACH configuration would need to have more flexibility than that in LTE, e.g., for time and frequency resource parameters.
As for new parameters in NR, NR PRACH configuration will include information of association between SS/PBCH block (SS block) and a subset of RACH resources and/or a subset of preamble indices. It was agreed that RMSI information is common for all beams. However, in such case, indication of associations between all SS blocks and a subset of RACH resources and/or a subset of preamble indices respectively may cause significant overhead since the number of SS blocks can be up to 64 for above 6 GHz.

Here, we focus on how to indicate the association between SS block(s) and RACH resources in time domain. In case of extreme explicit indication, NW indicates associations regarding each SS block separately and furthermore NW may indicate associations regarding each RACH occasion associated with single SS block. In such case, although it can provide most flexible resource indication, it causes significant signaling overhead. Thus we should consider tradeoff between flexibility and indication overhead. 
At least location of any RACH occasion, e.g., first RACH occasion associated with any SS block, should be informed to UE. For example, the location of first RACH occasion can be indicated by slot/symbol index or relative position against SS block. Then UE can implicitly know location of all other RACH occasions according to some other information and some predefined rule on RACH occasion mapping. The required information is time duration of RACH occasion, i.e., PRACH preamble format index. It is also necessary how many RACH occasions are repeated in time domain associated with single SS block so that UE can know timing when RACH occasion switch that associated with next SS block. Additionally, RACH resource set is defined as sequential RACH resources associated with all SS block(s), and indication of periodicity of RACH resource set is useful in order to reduce maximum delay especially for retransmission in case of long SS burst set periodicity. Consequently, above whole information can provide location of all RACH occasions to UE.

Fig.2 shows example of how to indicate association between SS blocks and RACH resources including above information. In this example, SCS of SS block and PRACH is 15 kHz and PRACH preamble format with 2 symbols is used. UE can know location of slot with first RACH occasion by (1). Then (2) and (3) give location information of RACH occasions within slot. In Fig.2, time duration of PRACH preamble format is 2 symbols and number of RACH occasions repeated in time domain associated with single SS block is three. In other words, UE can know first RACH occasion associated with each SS block is present per 6 symbols. According to (4), UE can know location of next RACH occasions associated with same SS block.
Proposal 1: Configuration regarding RACH includes following information in order to indicate association between SS block(s) and RACH resources 
(1) Location of first RACH occasion associated with any SS block 

(2) PRACH preamble format index
(3) Number of RACH occasions repeated in time domain associated with single SS block

(4) Periodicity of RACH resource set, i.e., RACH resource set includes RACH resources associated with all SS block(s)
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 Figure.2: Example of how to indicate association between SS blocks and RACH resources

Regarding slot level allocation of RACH resources, when RACH resources locate across multiple slots, allocation to continuous slots can provide low latency as configuration pattern (a) in Fig.3. On the other hand, if RACH resources locate across periodic slots, i.e., some gap is present between slots with RACH resources, slots without RACH resources can be used for other use cases, e.g., data transmission as configuration pattern (b) in Fig.3. gNB can configure these patterns depending on requirement and scheduling condition.
Proposal 2: gNB can configure following patterns in case RACH resources locate across multiple slots not including SS block.

· Configuration pattern where RACH resources locate across continuous slots as much as possible

· Configuration pattern where RACH resources locate across periodic slots

[image: image3]
 Figure.3: Example of configuration patterns

(a) RACH resources locate across continuous slots
(b) RACH resources locate across periodic slots
Regarding allocation of RACH resources within slot, if RACH resources allocate many continuous slots, DL/UL control channel can be suspended. Thus, it is beneficial that gNB can configure several reserved symbols in beginning and/or end of slots for other use cases as in Fig.4.
Proposal 3: gNB can configure several reserved symbols in beginning and/or end of slots for other than RACH resources.
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Figure.4: Example of several reserved symbols for other than RACH resources
Above consideration is based on the case that RACH resources locate within the slot not including SS block. However, it is beneficial for low latency that gNB can configure the pattern where RACH resources locate within the slot including SS block(s), although the location restricts PRACH preamble format, i.e., the format with 1 or 2 symbol repetition. Fig.5 shows the example in case of SS block and PRACH with 15 kHz SCS.
Proposal 4: gNB can configure following patterns for short sequence formats.

· Configuration pattern where RACH resources locate within the slot including SS block(s)

· Configuration pattern where RACH resources locate within the slot not including SS block
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 Figure.5: Example of configuration pattern where RACH resources locate within the slot including SS block(s)
3. Message 1/2
· Threshold for SS block selection

 In last meeting, we discussed how UE selects SS block and then it was agreed that flexible selection of SS block with some threshold and fall back mechanism. Remaining issue is details of the threshold, i.e., whether it is indicated or fixed and which metric is used. Appropriate value of threshold helps UE to initiate random access procedure earlier. The appropriate value of threshold means that NW can ensure UE’s good access if UE measurement meets the threshold. The appropriate value depends on NW deployment and interference observed by NW. Therefore, the threshold should be configured by NW.
Proposal 5: Threshold for SS block selection should be configured by NW.
Also, first option as metric of threshold is SS block RSRP, and another option is path-loss. Path-loss was proposed for condition that different SS blocks in an SS burst set can be transmitted with different power. However, UE has to get SS block transmit power before SS block selection for path-loss case. It may have impact on UE implementation. Therefore, SS block RSRP should be used as metric of threshold for SS block selection for simple UE implementation.
Proposal 6: SS block RSRP should be used as metric of threshold for SS block selection.

· RAR scheduling

 Regarding RAR scheduling method, it was agreed that at least for initial access, RAR is carried in PDSCH scheduled by PDCCH. Even for other case than initial access, since RAR scheduling timing/resource may need some flexibility e.g., dependent on gNB processing capability and PRACH load, DCI based scheduling is preferable. Otherwise, if non-scheduled channel is defined for RAR, UE blind detection effort for RAR would be significantly large for flexible RAR timing/resource, or such flexibility needs to be restricted. Therefore, NR should support RAR scheduling method based on DCI as in LTE, i.e. DCI within PDCCH gives RAR scheduling information, and RAR is transmitted within PDSCH. 
Proposal 7: NR should support DCI-based RAR scheduling for IDLE/CONNECTED mode UE.
· RA-RNTI
 As described in section 2, multiple RACH occasions in time domain within a slot can be located. In such case, RARs corresponding to these RACH occasions should be distinguishable by RA-RNTI and/or RAR contents since RAR windows corresponding to such multiple RACH occasions will overlap. Also, RAN2 agreed RA-RNTI is associated to the RACH occasion. Based on this agreement, the RARs may have to be distinguishable by only RA-RNTI, and in such case RA-RNTI needs to have symbol level granularity and time index, e.g., t_id, of RA-RNTI needs to cover maximum RAR window size. Also, as described in section 2, flexibility of indication of RACH resources in frequency domain in NR and size of frequency index, e.g., f_id, can be larger. Therefore, size needed for RA-RNTI can be further larger.
4. Conclusion 

In this contribution, we discussed on 4-step random access procedure for NR. We made the following observation and proposals. 
Observation 1: NR PRACH configuration would need to have more flexibility than that in LTE, e.g., for time and frequency resource parameters.
Proposal 1: Configuration regarding RACH includes following information in order to indicate association between SS block(s) and RACH resources 
(1) Location of first RACH occasion associated with any SS block 

(2) PRACH preamble format index
(3) Number of RACH occasions repeated in time domain associated with single SS block

(4) Periodicity of RACH resource set, i.e., RACH resource set includes RACH resources associated with all SS block(s)
Proposal 2: gNB can configure following patterns in case RACH resources locate across multiple slots not including SS block.

· Configuration pattern where RACH resources locate across continuous slots as much as possible

· Configuration pattern where RACH resources locate across periodic slots
Proposal 3: gNB can configure several reserved symbols in beginning and/or end of slots for other than RACH resources.
Proposal 4: gNB can configure following patterns for short sequence formats.

· Configuration pattern where RACH resources locate within the slot including SS block(s)

· Configuration pattern where RACH resources locate within the slot not including SS block

Proposal 5: Threshold for SS block selection should be configured by NW.

Proposal 6: SS block RSRP should be used as metric of threshold for SS block selection.

Proposal 7: NR should support DCI-based RAR scheduling for IDLE/CONNECTED mode UE.
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