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1 Introduction

RAN2 has briefly discussed RA-RNTI calculation in last meeting and made the following agreement:


In this contribution we discuss further details for deriving the RA-RNTI.
2 Discussion
PRACH preamble is transmitted in a PRACH transmission occasion (i.e. time-frequency resource on which Msg1 is transmitted) using the configured PRACH preamble format. The duration of PRACH transmission occasion depends on PRACH preamble formats as in LTE. PRACH preamble formats with duration of 1 subframe, 2 subframe and 3 subframe are supported in LTE. In NR, two types of preamble sequence length are supported: short (L = 139) and long (L = 839). For preamble formats with short preamble sequence, duration of 1 symbol, 2 symbols, 4 symbols, 6 symbols and 12symbols are supported. For preamble formats with long preamble sequence duration of 1 slot, 2 slots, 4 slots are supported.

Observation 1: PRACH transmission occasion duration is variable (i.e. can be 1 symbol, 2 symbols, 4 symbols, 6 symbols, 12symbols, 1slot, 2 slots and 4 slots).

RAN1 has agreed (see agreements below) that for both FDD and TDD, RACH configuration maps the PRACH resources onto slots. For preamble formats with short preamble sequence (L = 139), the slot duration for PRACH resource mapping is based on RACH Msg1 SCS (15/30/60/120KHz). For preamble formats with long preamble sequence (L = 839), the slot duration for PRACH resource mapping is based on 15KHz SCS.
Observation 2: PRACH resources are mapped to slots.


RAN1 has further agreed (see agreements below) to specify NR-RACH configurations using a table similar to LTE, this table is index by the PRACH Config Index. The pattern given by the PRACH Config Index repeats every RACH Configuration Period (10/20/40ms). RAN1 has not yet decided the patterns to be supported in NR. Within the RACH configuration period each slot may or may not have the PRACH resources. A slot may have one or more PRACH transmission occasions for preamble formats with short preamble sequence (L = 139).

Observation 3: Within the RACH configuration period each slot may or may not have the PRACH resources. A slot may have one or more PRACH transmission occasions.
RA-RNTI calculation cannot be finalised until RAN1 decides the RACH configuration patterns (RACH resource to slot mapping). Specifically, we need to know whether there will be one or more RACH transmission occasions in a slot. However, for sake of progress we provide mechanism to calculate RA-RNTI for the scenario in which NR supports at most one RACH transmission occasion in one slot and the scenario in which NR supports multiple RACH transmission occasions in one slot. In the RA-RNTI computation, we have assumed that maximum size of RAR window is one radio frame (i.e. 10ms) as in LTE. 
Scenario 1: In time domain, NR supports at most one PRACH transmission occasion in one slot
In this scenario, the RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+X*f_id
Where,

t_id = index of the first slot of the PRACH ocassion; 0 ≤ t_id < X; Depending on the SCS for Msg1 transmission, number of slots in a radio frame can vary from 10 to 80 as shown in table 1 below. These are sequentially numbered starting from zero. Maximum number of slots in a radio frame is 80, so X can be set to 80.
Table 1
	SCS for determining RACH slot
	# of slots in a subframe
	# of slots in a radio frame

	15 KHz
	1
	10

	30 KHz
	2
	20

	60 KHz
	4
	40

	120 KHz
	8
	80


f_id = index of the PRACH ocassion, in ascending order of frequency domain; 0 ≤ f_id < Y; Y depends on number of RACH transmission ocassions supported in frequency domain in NR.

Scenario 2: In time domain, NR supports multiple PRACH transmission occasions in one slot

In this scenario, each OFDM symbol can be a PRACH transmission occasion in a slot. The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + t_id1 + X1*t_id2 + X1*X2*f_id

Where,

t_id1 = index of the first OFDM symbol of the PRACH ocassion; 0 ≤ t_id1 < X1; X1 can be 14, since each slot has 14 OFDM symbols and PRACH TX ocassion can start in any symbol.
t_id2 = index of the first slot of the PRACH ocassion; 0 ≤ t_id2 <X2; X2 can be set to 80, since maximum number of slots in a radio frame is 80;

f_id = index of the PRACH ocassion, in ascending order of frequency domain; 0 ≤ f_id < Y; Y depends on number of RACH transmission ocassions supported in frequency domain in NR.
Based on the above discussion we propose the following:
Proposal:    a) If in time domain, RAN1 agrees to support at most one PRACH transmission occasion in one slot:

The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+80*f_id

where t_id is the index of the first slot of the specified PRACH transmission ocassion (0 ≤ t_id <80, slots in radio frame are indexed sequentially starting from zero), and f_id is the index of the specified PRACH transmission ocassion, in ascending order of frequency domain (0 ≤ f_id < Y). Value of Y is FFS.
b) If in time domain, RAN1 agrees to support multiple PRACH transmission occasions in one slot:

The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as: 

RA-RNTI= 1 + t_id1 + 14*t_id2 + 14*80*f_id

Where t_id1 is the index of the first OFDM symbol of the PRACH transmission ocassion (0≤ t_id1 <14, OFDM symbols in a slot are indexed sequentially starting from zero), t_id2 is the index of the first slot of the PRACH transmission ocassion (0≤ t_id2 <80, slots in radio frame are indexed sequentially starting from zero) and f_id is the index of the PRACH transmission ocassion, in ascending order of frequency domain (0≤ f_id< Y). Value of Y is FFS.
3 Conclusion

Based on the above, RAN2 is requested to discuss and agree on the following proposal:
Proposal:    a) If in time domain, RAN1 agrees to support at most one PRACH transmission occasion in one slot:

The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:

RA-RNTI= 1 + t_id+80*f_id

where t_id is the index of the first slot of the specified PRACH transmission ocassion (0 ≤ t_id <80, slots in radio frame are indexed sequentially starting from zero), and f_id is the index of the specified PRACH transmission ocassion, in ascending order of frequency domain (0 ≤ f_id < Y). Value of Y is FFS.

b) If in time domain, RAN1 agrees to support multiple PRACH transmission occasions in one slot:

The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as: 

RA-RNTI= 1 + t_id1 + 14*t_id2 + 14*80*f_id

Where t_id1 is the index of the first OFDM symbol of the PRACH transmission ocassion (0≤ t_id1 <14, OFDM symbols in a slot are indexed sequentially starting from zero), t_id2 is the index of the first slot of the PRACH transmission ocassion (0≤ t_id2 <80, slots in radio frame are indexed sequentially starting from zero) and f_id is the index of the PRACH transmission ocassion, in ascending order of frequency domain (0≤ f_id< Y). Value of Y is FFS.
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RAN2 #99bis Agreement [1]:


At least time and frequency is used in the RA-RNTI formula





RAN1 Agreements [2]:


For FDD, RACH resources can be mapped onto UL slots irrespective of the time locations of SS/PBCH block





For TDD, RACH configurations maps RACH resources onto slots irrespective of the time locations of actually transmitted SS/PBCH block





The slot duration for PRACH resource mapping for short preamble formats (i.e., L=139) is based on the RACH Msg1 numerology, i.e. SCS. 





The slot duration for PRACH resource mapping for long preamble formats (i.e., L=839) is based on 15kHz SCS 





NR at least supports RACH configuration that have the same starting symbol in all RACH slots


Values of starting symbol: 0, 2





RAN1 Agreements [2]:


NR-RACH configurations can be specified using a table similar to LTE, this table is index by the PRACH Config Index





Frequency multiplexed PRACH transmission occasions use the same PRACH Config Index 





The pattern given by the PRACH Config Index repeats every RACH Configuration Period 


The density and duration within each configuration period are FFS


Including the possibility of in every slot


RACH Configuration Period: (working assumption) 10/20/40ms








