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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the previous RAN1 #AH4 meeting, the cyclic mapping between SS/PBCH blocks and ROs have been agreed. Besides, the mac layer processing delay and RA-RNTI calculation have also been discussed. However, there are still some remaining issues to be addressed. In this contribution, we discuss the details of the association, RA-RNTI calculation and timing issues in RACH procedure.
[bookmark: _Ref129681832]Association between SS/PBCH blocks and ROs
In RAN1 #AH4, we have agreed that the cyclic mapping between ROs and actually transmitted SS/PBCH blocks. However, the detail of the mapping period should be defined. According to the contributions to #AH4, there are mainly 4 alternatives to address this issue:
Alt1: Time period for SSB to RO synchronization is the PRACH configuration period.
Alt2: Time period for SSB to RO synchronization consists of multiple PRACH configuration periods, the number of multiple PRACH configuration periods is

Alt3: Time period for SSB to RO synchronization consists of multiple PRACH configuration periods, the number of multiple PRACH configuration periods is the smallest power of two 

Alt4: Time period for SSB to RO synchronization is the 160 ms, starting point is SFN mod 16 = 0.
The cons of Alt1 is that due to the different number of ROs and SSBs, there is a possibility that there is not enough ROs in one RACH configuration period, which restricts gNB implementation. For example, some configurations for B4 will only have 1 or 2 ROs in one RACH configuration period. Alt2 has a significant problem that when the association period cannot be evenly divided by 10240ms, e.g., 30ms, the association rule could be different for the same SFN. For Alt3, there could be more RACH resources are left unused if the minimum required number of PRACH configuration periods is 2n+1 for all the actually transmitted SSB mapping, where the association period is 2n+1 by the rule defined by Alt3. Then the ROs in the last 2n+1 - (2n+1) periods will be left unused if such ROs are not enough for the mapping of all the actually transmitted SSBs.
Since the RACH configuration periods have been agreed to {10, 20, 40, 80, 160} ms in the past RAN1 meetings, we propose to set the association period to largest RACH configuration period, i.e. 160ms, as illustrated in Figure 1. 160ms is the minimal common times of all the RACH configuration periods, and the same as the RMSI TTI. With the starting point equals SFN mod16=0, the association rule is simple to gNB and UE. Therefore, we have following proposal:
Proposal 1: NR supports the mapping periods between ROs and SS/PBCH blocks is 160ms with starting point SFN mod 16=0.

 Figure 1. Association period for different RACH configuration periods

Contents of DCI to trigger contention free RACH
During the past RAN1&RAN2 meetings, we have agreed the support for initiation of Contention Free Random Access based on PDCCH order. However, the contents of DCI have not been defined. The DCI format 1A in LTE can be the start point to decide the contents of DCI to trigger.
Table 1 illustrates the items needed for CFRA. According to the LS from RAN2, the Carrier Indicator, BWP index and Preamble Index should be explicitly included in order to indicate the RACH preamble and frequency resource. No matter absolute or relative preamble index indication, the maximum bits is 6. Therefore, it is desirable by following LTE design using absolute preamble index. 
For the T/F resources indication, we need to consider two cases. In case 1, gNB knows the available SSB/CSI-RS for UE based on previous UE reporting. In such case, gNB could inform the ROs to use based on the reported SSB/CSI-RS. Note that the bits are depending on how many SSB and CSI-RS resources UE allowed to report. In case 2, gNB does not have any information about the available SSB/CSI-RS for UE. In such case, gNB cannot assign the ROs based on the SSB/CSI-RS index. As a result, the Index of reported SSB/CSI-RS indication are optional. Then UE is allowed to select the SSB/CSI-RS to transmit. To indicate the exact RO index that a UE can transmit for one SSB/CSI-RS in one association period, PRACH Mask is needed. Since up to 8 ROs could be mapped to one SSB, and hence, 3bits is enough for PRACH mask to indicate which RO is allocated for UE
Table 1. Contents of DCI to trigger CFRA
	Item
	Size

	Carrier indicator(UL or SUL)
	1bit

	BWP index
	2bit

	Preamble Index
	6bits

	PRACH Mask 
	3bits

	Index of reported SS/PBCH blocks (optional)
	[2]bits

	Index of reported CSI-RS resources (optional)
	[2]bits



Propose 2: Use Table 1 as the start point of DCI contents to trigger CFRA. 
RA-RNTI calculations
In TS38.321, The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + s_id + 14*t_id + 14*X*f_id + 14*X*Y*ul_carrier_id
where s_id is the index of the first OFDM symbol of the specified PRACH (0 ≤ s_id < 14), t_id is the index of the first slot of the specified PRACH in a system frame (0 ≤ t_id < X), f_id is the index of the specified PRACH in the frequency domain (0 ≤ f_id < Y), and ul_carrier_id is the UL carrier used for Msg1 transmission (0 for normal carrier, and 1 for SUL carrier). 
For normal carrier, the maximum subcarrier spacing for PRACH is up to 120KHz. Yet for SUL carrier, the maximum subcarrier spacing for PRACH is only up to 30KHz. Therefore, X could should be different for different carriers. Specifically, X is equal to 8*NumSubFrame and 2* NumSubFrame for normal carrier and SUL carrier respectively, where NumSubFrame is the number of subframes for the maximum RAR window length decided by RAN2.
RAN2 has agreed that some UL BWP can be configured with PRACH resources. However, it is unknown for the initial access UE, and hence the RA-RNTI calculation for initial access UE can only be based on the maximum number of FDMed RACH occasions in one time instance configured in RMSI. In other words, Y value is equal to 8. If additional RA-RNTI for some UL BWP with PRACH resources is needed, it can be considered later by adding more parameters at the end of the RA-RNTI equation. Therefore, we have following proposal:
Proposal 3: In RA-RNTI calculation:
· X is equal to 8*NumSubFrame and 2* NumSubFrame for normal carrier and SUL carrier respectively, where NumSubFrame is the number of subframes for the maximum RAR window length decided by RAN2.
· Y value is equal to 8 
Remaining details about timing in RACH
[image: ]
[bookmark: _Ref503292501]Figure 2 illustration of time gap between the end of PDSCH for Msg4 and the corresponding HARQ-ACK
As shown in Figure 2, it is still FFS for the timing between the end of Msg4 and the corresponding HARQ-ACK feedback. During the gap between the end of Msg4 and the corresponding HARQ-ACK feedback, the UE needs to process the PDCCH/PDSCH for Msg4 transmission, hence N1 processing time needs to be covered by the minimum time gap. After the PDSCH of Msg4 is decoded, the UE higher layer may  need to process MAC CEs contained in Msg4 and finish the related processing in higher layer, e.g. to set C-RNTI and discard TC-RNTI etc. Considering this, the minimum time gap between the end of PDSCH for Msg4 and the start of the corresponding HARQ-ACK needs to cover the duration of N1 plus L2 processing time.
[bookmark: _Ref503356829]Proposal 4: Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + L2.
[image: ]
[bookmark: _Ref503293177]Figure 3 illustration of time gap between the end of Msg2 that does not contain a response to the transmitted preamble sequence and a new preamble sequence
It is known that during the RAR window, when there is not any Msg2 scheduled by RA-RNTI that contains a response to the transmitted preamble sequence, the UE may re-transmit PRACH preamble after the RAR window. As shown in Figure 3, if a Msg2 is scheduled at the last several slots of the RAR window and the Msg2 does not contain the response to the transmitted preamble sequence of the UE, before being ready to transmit a new PRACH preamble, the UE needs to process the PDCCH/PDSCH of the Msg2 first and then know that there is no response after the L2 processing of the Msg2. Hence, it needs to be specified that the minimum gap between the end of PDSCH for Msg2 that does not contain a response to the transmitted preamble sequence and a new preamble sequence.
[bookmark: _Ref503356799]Proposal 5: If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 plus L2.
NTA for PRACH transmission
In LTE, UE assumes that NTA = 0 for PRACH preamble transmission. Similar as in LTE, NTA should be assumed as 0 for PRACH preamble transmission in NR. TP is proposed in Appendix A for TS 38.211.
Proposal 6: UE assumes that NTA = 0 for PRACH preamble transmission.
On TA offset for SUL
It has been agreed that UL and SUL of the same cell are in the same TAG. Namely, a single TA command can be used to adjust the transmit timing on both UL and SUL. In order to ensure a UE have the same transmit timing on both UL and SUL, the NTA-offset of SUL should be the same as that of UL. Note that, this should be consistent for all uplink signals including PRACH, PUCCH, PUSCH and SRS etc. The details are in our companion contribution [1].
Proposal 7: NTA-offset of SUL should be the same as that of UL.
Conclusion
Proposal 1: NR supports the mapping periods between ROs and SS/PBCH blocks is 160ms with starting point SFN mod 16=0.
Propose 2: Use Table 1 as the start point of DCI contents to trigger CFRA. 
Proposal 3: In RA-RNTI calculation:
· X is equal to 8*NumSubFrame and 2* NumSubFrame for normal carrier and SUL carrier respectively, where NumSubFrame is the number of subframes for the maximum RAR window length decided by RAN2.
· Y value is equal to 8 

Proposal 4: Minimum time gap between the end of PDSCH for Msg4 and the start of HARQ-ACK equals to the duration of N1 + L2.
Proposal 5: If a received Msg2 does not contain a response to the transmitted preamble sequence, the UE shall, if requested by higher layers, be ready to transmit a new preamble sequence after the duration of N1 plus L2.
Proposal 6: UE assumes that NTA = 0 for PRACH preamble transmission.
Proposal 7: NTA-offset of SUL should be the same as that of UL.

[bookmark: _GoBack]References
R1-1802712, “TP on TA-offset for SUL”, Huawei, HiSilicon, Athens, Greece, Feb. 26th-Mar. 2nd, 2018.

Appendix A: Text proposal for maximum transmission timing adjustment
---------------------------------- Start of Text Proposal ---------------------------------
6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where   is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.
Random access preambles can only be transmitted in the time resources given by the higher-layer parameter PRACHConfigurationIndex according to Table 6.3.3.2-2 depends on FR1 or FR2 and the spectrum type as defined in [TS38.101]. The start of the random access preamble shall be aligned with the start of the corresponding OFDM symbols as indicated by higher layer at the UE by assuming NTA = 0.

Random access preambles can only be transmitted in the frequency resources given by parameter prach-FDM. The PRACH frequency resources  are numbered in increasing order from 0 to prach-FDM -1 within the initial active uplink bandwidth part, starting from the lowest frequency. 
For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed:

-	 for PRACH preamble formats 0 – 3


-	for PRACH preamble formats A1, A2, A3, B1, B2, B3, B4, C0, C2 where  is the configured PRACH subcarrier spacing.
------------------------------------End of Text Proposal -------------------------------
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