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Introduction
This document discusses the validity of some values related to the time configuration of the NPRACH resource. The objective of this document is to clarify the constraints related to some NPRACH resource parameters for the sake of Specifications completeness and in order to avoid wrong implementation.

Discussion
Issue #1: 240ms periodicity 
NPRACH transmission can start only  time units after the start of a radio frame fulfilling  where nf  is the System Frame Number (SFN). 
Table 1: Allowed Starting SFNs to Initiate a NPRACH period
	(ms)
	Starting SFNs to initiate a NPRACH Period

	40
	SFNs that are multiple of 4

	80
	SFNs that are multiple of 8

	160
	SFNs that are multiple of 16

	240
	SFNs that are multiple of  24

	320
	SFNs that are multiple of 32

	640
	SFNs that are multiple of 64

	1280
	SFNs that are multiple of 128

	2560
	SFNs that are multiple of 256



On the other hand, SFN takes value from 0 to 1023. If the periodicity value of the NPRACH resource is 240ms, the NPRACH period can start only at frames that are multiple of 24, but in this case the latest period into a set of 1024 SFNs will be shorter than the other periods (See Table 2). With a 240ms periodicity there will be 42 periods of 240ms and one period of 160ms, meaning that for the 240ms periodicity value the maximum length of the NPRACH opportunity is actually 160ms instead of 240ms.
[bookmark: _Ref462296526]Table 2: Allowed SFNs to Initiate a NPRACH Period with 240ms Periodicity
	Periodicity = 240ms  SFNs multiple of 24 

	0
	120
	240
	360
	480
	600
	720
	840
	960

	24
	144
	264
	384
	504
	624
	744
	864
	984

	48
	168
	288
	408
	528
	648
	768
	888
	1008

	72
	192
	312
	432
	552
	672
	792
	912
	-

	96
	216
	336
	456
	576
	696
	816
	936
	-



Observation 1: for the 240ms NPRACH periodicity the maximum length of the NPRACH opportunity is actually 160ms instead of 240ms.

Issue #2: Restriction between start-time and periodicity of NPRACH preamble
There are two parameters that define the start of a NPRACH preamble:
· nprach-Periodicity: Periodicity of a NPRACH resource. Unit in millisecond. {40, 80, 160, 240, 320, 640, 1280, 2560} ms. 
· nprach-StartTime: Start time of the NPRACH resource in one period. Unit in millisecond. {8, 16, 32, 64, 128, 256, 512, 1024} ms. 
It has no sense to define a start-time higher than the periodicity because in this case the NPRACH preamble will start in a SFN of a different period.  
[image: ]
Figure 1: Example of confused configuration of start-time and periodicity of the NPRACH resource

[bookmark: _GoBack]Observation 2: the following restriction holds: 
“NPRACH configurations with  are not valid.”

Issue #3: Restriction between start-time, periodicity and number of repetitions of the NPRACH preamble
Into the set of values defined for the configuration of a NPRACH resource, there are four parameters that are directly related to the timing of the NPRACH opportunity: 
· nprach-Periodicity: Periodicity of a NPRACH resource. Unit in millisecond.{40, 80, 160, 240, 320, 640, 1280, 2560} ms. 
· nprach-StartTime: Start time of the NPRACH resource in one period. Unit in millisecond. {8, 16, 32, 64, 128, 256, 512, 1024} ms
· nprach-NumRepetitions: Number of NPRACH repetitions per attempt for each NPRACH resource. {1, 2, 4, 8, 16, 32, 64, 128} repetitions.
· nprach-CP-Length: Cyclic prefix length for NPRACH transmission. {66.7 or 266.7}s
If any combination of these values is allowed, it is possible that the NPRACH preamble of two periods (or more, depending on the number of repetitions) overlaps. There should be some restrictions at time of defining these parameters in order to avoid the overlapping of the NPRACH opportunities. Figure 2 shows an example of how the overlapping could occur depending on the values of the parameters listed above. Table 3 shows the value of the parameters used in the example. We can see how when we introduce 8 repetitions, the NPRACH preamble invades the next period, but with a lower number of repetitions there is not any overlapping (Figure 3). 
[bookmark: _Ref461720371]Table 3: Configuration of the parameters used for the Overlapping explanation
	
	Non-Overlapping Situation
	Overlapping Situation

	nprach-Periodicity
	40 ms
	40 ms

	nprach-StartTime
	8ms
	8ms

	Nprach-NumRepetitions
	4 repetitions
	8 repetitions

	nprach-CP-Length
	66.7 us
	66.7us



[image: ]
[bookmark: _Ref461720261]Figure 2: Example of NPRACH overlapping

[image: ]
[bookmark: _Ref461720423]Figure 3: Example of NPRACH Non-Overlapping
Taking this fact into account, there will be some not valid combination of parameters. Table 4 and Table 5 show the different allowed and not allowed combinations for NPRACH Format 0 and Format 1 respectively, taking into account the observation 1 related to the 240ms NPRACH periodicity. 

[bookmark: _Ref460927736][bookmark: _Toc460927833]Table 4: Maximum Number of Repetitions for Format 0 Depending on the Periodicity and the Start-Time Parameters
	Format 0
Start time
	NPRACH Periodicity

	
	40
	80
	160
	240
	320
	640
	1280
	2560

	8
	4
	8
	16
	16
	32
	64
	128
	128

	16
	4
	8
	16
	16
	32
	64
	128
	128

	32
	1
	8
	16
	16
	32
	64
	128
	128

	64
	-
	2
	16
	16
	32
	64
	128
	128

	128
	-
	-
	4
	4
	32
	64
	128
	128

	256
	-
	-
	-
	-
	8
	32
	128
	128

	512
	-
	-
	-
	-
	-
	16
	128
	128

	1024
	-
	-
	-
	-
	-
	-
	32
	128



[bookmark: _Ref460927741][bookmark: _Toc460927834]Table 5: Maximum Number of Repetitions for Format 1 Depending on the Periodicity and the Start-Time Parameters
	Format 1
Start time
	NPRACH Periodicity

	
	40
	80
	160
	240
	320
	640
	1280
	2560

	8
	4
	8
	16
	16
	32
	64
	128
	128

	16
	2
	8
	16
	16
	32
	64
	128
	128

	32
	1
	4
	16
	16
	32
	64
	128
	128

	64
	-
	2
	8
	8
	32
	64
	128
	128

	128
	-
	-
	4
	4
	16
	64
	128
	128

	256
	-
	-
	-
	-
	8
	32
	128
	128

	512
	-
	-
	-
	-
	-
	16
	64
	128

	1024
	-
	-
	-
	-
	-
	-
	32
	128


These restrictions can be formulated mathematically with the next expressions:
If  
 				
 		
If 
          

Observation 3: the following restriction holds: 
“To avoid overlapping between the NPRACH preambles the configuration of ,, and  shall fulfil the next statements:
If  
            	 	                            
 		
If 
          
Observation 4: the restriction corresponding to observation 2 is taken into account by observation 3.
Proposal: to include the restriction corresponding to observation 3 within the TS 36.211. A companion CR is provided (see [3]).

Conclusion
In this contribution, we consider the constraints related to some NPRACH resource parameters and make the following observations and proposals: 
Observation 1: for the 240ms NPRACH periodicity the maximum length of the NPRACH opportunity is actually 160ms instead of 240ms.
Observation 2: the following restriction holds: 
“NPRACH configurations with  are not valid.”
Observation 3: the following restriction holds: 
“To avoid overlapping between the NPRACH preambles the configuration of ,, and  shall fulfil the next statements:
If  
            	 	                            
 		
If 
          
Observation 4: the restriction corresponding to observation 2 is taken into account by observation 3.
Proposal: to include the restriction corresponding to observation 3 within the TS 36.211. A companion CR is provided (see [3]).
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