Page 1
[bookmark: _GoBack]3GPP TSG RAN WG1 NR Adhoc#3			R1-1716280
Nagoya, Japan, 18th – 21st, September 2017

Source: 	Intel Corporation 
Title:	Remaining details of PRACH formats
Agenda item:		6.1.4.1		
Document for:	Discussion and Decision

1. Introduction
In RAN1 NR Adhoc #2 and RAN1 #90, there were some agreements reached on the PRACH formats for short sequences (L=127/139) as shown below [1].

	Agreements (in RAN1 NR Adhoc #2):
· For 15 kHz subcarrier spacing,
· Agree on following preamble formats A2, A3, B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell


· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles
· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 
· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing
· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing
· Note that some of the formats may not be applicable to all subcarrier spacings


Agreements (in RAN1 #90):
· 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
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4

	Preamble format
	# of seq.
	TCP
	TSEQ
	TGP
	Path profile (Ts)
	Path profile (us)
	Max cell radius (m)
	Use case

	C0
	1
	1240
	2048
	1096
	144
	4.69
	5300  (660 in case of 120 kHz SCS)
	Normal cell

	C2
	4
	2048
	8192
	2916
	144
	4.69
	9200  (1160 in case of 120 kHz SCS))
	Normal cell


  
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



 
This contribution discusses remaining details on PRACH formats for short sequence.

2. PRACH format details
2.1 Resource allocation for PRACH
Table 1 summarizes the current agreement on PRACH format of L=139/127.
Table 1: PRACH format of L=139/127
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	1
	2
	216
	4096
	72
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	1096
	144
	4.69
	5300
(660 in case of 120 kHz SCS)
	Normal cell

	
	2
	4
	2048
	8192
	2916
	144
	4.69
	9200
(1160 in case of 120 kHz SCS))
	Normal cell



For the PRACH format of L=127/139, there are sequences of various length in time domain, from 1 OFDM symbol length to 1 slot length. Because the length of the sequence is not sufficiently large, there may not have sufficent number of seqeunces configured if only one PRACH instances inside a configured PRACH resoruce. Therefore, it is suggested to configured multiple PRACH instances inside a configured PRACH resrouces.
Then it needs to be discussed how to configure the PRACH resource. If we allow the full flexibility on the PRACH resource allocation considering multiple formats and possiblity of mulitple PRACH instances inside the configured resource, OFDM-symbol level configuration is needed. However, the signaling overhead gets significantly large taking into account that PRACH configuration is done by RMSI which has constraints on the number of bits in it. Therefore it is desirable to compress the PRACH resource configuration information as much as possible. Slot level resource allocation in time domain can be a good choice considering the following reasons
1. Reasonable signaling overhead is guranteed for the configuration of PRACH resource
2. If the granularity is less than 1 slot, the remaining OFDM symbols inside a slot may not be used properly
3. All PRACH format of L=127/139 can be accomodated inside a slot

Assuming that the the PRACH resource is allocated in a slot level granularity, it is possible to utilize first a few symbols for the utilization of the CORESET. The number of symbols that are not used for PRACH can be derived from the CORESET configuration by RMSI.
For one cell, it is proposed to configure just one PRACH format with an exception for format A and format B. Format A and format B can be configured for the same cell as a package but there can be a rule how to locate format A or format B inside the configured PRACH resource. Format A is beneficial from the perspetive of using the FFT block with the uplink data at the same time and format B is beneficial from the perspective of avoiding inter-symbol interfrence between PRACH and following channels. Therefore, it is desirable to locate the format B in the last PRACH instance and locate the format A in the other PRACH instances inside the configured PRACH resource. Figure 1 is showing one example how to locate the PRACH formats inside the configured PRACH resource.
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Figure 1: Configuration of PRACH format A/B
Proposal 1:
· It is allowed to configure multiple PRACH instances in time domain inside a configured PRACH resrouces
· PRACH resources are allocated with a slot level granularity in time domain
· First a few symbols can be used for CORESET configured by RMSI
· One PRACH format is configured for a cell
· Format A and format B is considered as a package for the PRACH configuration: RMSI configures either format A/B or format C (if PRACH of L=127/139 is used)
· If format A/B is configured, it is specified that the last PRACH uses the formats B and other PRACH uses format A inside a configured PRACH resource


2.2 RA-RNTI for PRACH
In LTE, RA-RNTI can be defined in [3] such that
	The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + t_id+10*f_id
Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).



This RA-RNTI value is only valid if there is only one PRACH instance inside one slot (subframe in LTE terminology). However, for the PRACH of L=127/139 there can be multiple PRACH instances inside one slot and the RA-RNTI can be defined differently. Possible way is to include the OFDM symbol number inside the configured PRACH slot.
RA-RNTI= 1 + p_id  + 14*(t_id+10*f_id)
Where p_id is the index of the first OFDM symbol of the specified PRACH (0≤ t_id <14), t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). Note that the exact equation on RA-RNTI can be determined in RAN2 as we did in LTE.
Proposal 2:
· RA-RNTI calculation should consider the multiple PRACH instances inside a slot configured for PRACH.
· Detailed equation will be determined in RAN2

2.3	PRACH capacity 
There have been sufficient discussions on necessities of PRACH capacity enhancement. For PRACH formats with L=839, which are same/similar to LTE PRACH, we do not have any capacity issues since they were already deployed in practice. Assuming that PRACH with L=839 will be used for below 6GHz carrier, we can expect that there is no capacity issue for below 6GHz scenario.
Then for above 6GHz carrier, only either 60 or 120 kHz subcarrier spacing will be used with short sequence PRACH (L=139/127). In [4], we provided sufficient arguments that capacity enhancement is not needed for short sequence PRACH with above 6GHz carrier like followings.
· PRACH can experience noise-limited situation by utilizing large number of antennas
· It is possible to flexibly configure multiple PRACH resource in frequency domain
· It is possible to flexibly configure multiple PRACH preambles in a PRACH resource
· It is possible to configure large number of cyclic shifts under the single root sequence. 

Proposal 3:
· No additional capacity enhancement features for PRACH
· Pure ZC sequence is used (L=139)
· Option 1 is only supported for repeated format.

3. Conclusion
This contribution discusses the remaining details on PRACH preamble with the following proposals

Proposal 1:
· It is allowed to configure multiple PRACH instances in time domain inside a configured PRACH resrouces
· PRACH resources are allocated with a slot level granularity in time domain
· First a few symbols can be used for CORESET configured by RMSI
· One PRACH format is configured for a cell
· Format A and format B is considered as a package for the PRACH configuration: RMSI configures either format A/B or format C (if PRACH of L=127/139 is used)
· If format A/B is configured, it is specified that the last PRACH uses the formats B and other PRACH uses format A inside a configured PRACH resource

Proposal 2:
· RA-RNTI calculation should consider the multiple PRACH instances inside a slot configured for PRACH.
· Detailed equation will be determined in RAN2

Proposal 3:
· No additional capacity enhancement features for PRACH
· Pure ZC sequence is used (L=139)
· Option 1 is only supported for repeated format.
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