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1. Introduction
Considering the previous RAN1 discussions on NR preamble format [1], the length of preamble ranges from one symbol to several subframes. Different form LTE, the preamble can start at any symbol in NR. This new preamble format design has impacts on the RA-RNTI calculation. In this contribution, we discuss which parameters shall be calculated in the RA-RNTI formula.
2. Discussion
In the LTE system, index of subframe and index of frequency are calculated in the RA-RNTI, because subframe is the minimum unit of PRACH occasion in time domain. However, RAN1 decided that length of preamble formats in NR ranges from one symbol to multiple subframes. It means that, in technically, the preamble can start at any symbol, rather than at any subframe in LTE. 
The granularity of PRACH occasion is still under discussion in RAN1. Given that RAN1 reuses the 1ms subframe and 10ms system frame concepts in NR [2], the PRACH occasions on system frame level and subframe level are still the baseline. Based on RAN1 #3 Adhoc meeting agreements [3], multiple slot occasions within one subframe will be supported. And whether multiple symbol occasions are supported within one slot is FFS in RAN1.
In summary, PRACH occasions on the levels of system frame, subframe, slot and symbol are considered as the baseline, when configuring the PRACH resources. Any down-selection, e.g. whether the subframe information is used to configure PRACH resource, is up to RAN1.
2.1 Parameters similar as legacy LTE

Based on the above RAN1 progresses, we can analyze the parameters carried in RA-RNTI formula. Firstly, any new parameter will impact the value range of RA-RNTI, which is assigned originally in the Table 7.1-1: RNTI values in TS 36.321. So, we propose the following:
Proposal 1: As in LTE, a RNTI value range shall be assigned for RA-RNTI. Its value range at least depends on the parameters in the RA-RNTI formula.
In MTC of LTE system, the radio frame parameter is introduced into RA-RNTI to cover the case when RAR window size is larger than 10ms. In NR, the RAR window size should be also larger than 10ms, e.g. to extend to coverage and to support massive number of devices connecting to NR. Therefore, the radio frame parameter (e.g. SFN_id) shall be included in the RA-RNTI formula. 
Proposal 2: As in LTE, SFN is included in RA-RNTI formula, if the RAR window size is larger than 10ms.
Similar to LTE system, multiple frequency PRACH occasions shall be configured in NR. For example, one BWP larger than 15*12*6*6 kHz may contain 6 frequency PRACH occasions for 15kHz numerology. 
Proposal 3: As in LTE, frequency index (e.g. f_id) is included in RA-RNTI formula.
2.2 New parameters in NR
In NR, the number of slot in 1ms depends on the numerology. For example, within 1ms, 15 kHz numerology has 1 slot, 30 kHz numerology has 2 slots. It’s not fair to only define one slot PRACH occasion per 1ms. Because, large SCS numerology has less frequency PRACH occasion (i.e. f_id) than smaller SCS numerology within the same BWP. It’s better to configure different number of slot occasions per 1ms for different numerologies, e.g. 2 slot occasions for 30 kHz numerology, and 1 slot occasion for 15 kHz numerology. This flexibility allows the network to allocate fair PRACH resources to different numerologies. Multiple slot occasions within 1ms shall be separated by different RA-RNTI.
Proposal 4: Slot identification information is included RA-RNTI formula.

From here, discussions may be taken by RAN1 since RAN2 needs more information from RAN1, but it is worth discussing here. Since the preamble may start at any symbol in each slot, the baseline is to include the symbol identification information in RA-RNTI formula. However, we see some disadvantages: 
1) Introducing the symbol identification, ranging (0,13), brings very large RA-RNTI values;

2) RARs for the preambles using different symbol occasions within one slot will normally be responded at the same/similar time. Those RARs are better to be multiplexed into one Msg.2 with the same RA-RNTI. For the same reason of locating RAPID in Msg.2, symbol identification information can also be included in the Msg.2. 
Proposal 5: Symbol identification information is included either in RA-RNTI formula or in RAR.

In NR, the RAR window, corresponding to RACH resources associated with different SS block/DL Tx beams, may be overlapped. Considering the case where multiple SS block/DL Tx beams are associated with the same RACH resources on the same Rx beam, UE’s may unnecessarily attempt to decode Msg.2 transmitted on a Tx beam other than its indicated preferred DL Tx beam. To solve this problem, SS block/DL Tx beam information should be carried by RA-RNT.
Proposal 6: SS block/DL Tx beam information is included in RA-RNTI formula.
3. Conclusions
In this contribution, we discuss the RA-RNTI calculation in NR and propose:
Proposal 1: As in LTE, a RNTI value range shall be assigned for RA-RNTI. Its value range at least depends on the parameters in the RA-RNTI formula.
Proposal 2: As in LTE, SFN is included in RA-RNTI formula, if the RAR window size is larger than 10ms.

Proposal 3: As in LTE, frequency index (e.g. f_id) is included in RA-RNTI formula.
Proposal 4: Slot identification information is included RA-RNTI formula.

Proposal 5: Symbol identification information is included either in RA-RNTI formula or in RAR.

Proposal 6: SS block/DL Tx beam information is included in RA-RNTI formula.
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