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1. Introduction
Currently it is agreed limited RA-RNTI will be reserved and indicated in the MAC specification. But the range of reserved RA-RNTI is still FSS. This document try to explain how to design the RA-RNTI i.e. the mapping between RA-RNTI and random access slot.
2. Discussion
One simply way is to fix the mapping relation and form one table in specification like what is proposed in [1]. The offset of RA-RNTI will be like this: 

RA-RNTI-offset = f (Sn, Fi) where (1)
Sn is the number of 1st subframe of the random access slot;

Fi is the index of the frequency of the random access slot. The index can be the appearance sequence of the PRACH channel in the system information like in UMTS.
50 RA-RNTIs needed be reserved based on the assumption that up to 5 PRACH channels will be configured for TDD mode. If the network configures less than 5 PRACH channel for TDD mode or network operate on FDD mode , then same RA-RNTIs are reserved. We think some optimization can be introduced to reduce the number of reserved RA-RNTI and improve the flexibility to reserve the RA-RNTI.
2.1. FDD mode

Figure 1 depicts meaning of reception window parameters. Here Os and Wlength mean the starting offse and lengtht of the reception window respectively. Sdistance means the timing distance between two random access slot. From figure 1 it is apparently that the two reception window will not overlapped as long as the Sdistance is longer than or equal to Wlength which means the RA-RNTI offset should only be different for those random access slot whose distance is less than length of reception window.
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Figure 1 reception window
So for FDD the RANI-offset could be defined as: 
RA-RNTI-offset = Sn % Wlength (2)  where Sn is the global number of 1st subframe of random access slot.

Since no SFN reading is needed during handover the range of Sn is actually 0~9 for non-synchronized network. And if Wlength is any value than 2, 5 or10 the distance of same RANI-offset in the consecutive radio frame will be less than the Wlength. for example Wlength is 4 then the RA-RNTI-offset corresponding to the 10 subframes are (0,1,2,3,0,1,2,3,0,1) . the RA-RNTI-offset of subframe#9 is 1 which is the same as the RA-RNTI-offset of subframe#1 in the next radio frame. Thus could result in the RA-RNTI collision because the distance in between is less than 4. So the equation (2) is modified as:
RA-RNTI-offset = Sn % 5, Wlength <=5 or 
RA-RNTI-offset = Sn % 10, Wlength > 5  (3)
Sn is the 1st subframe number of random access slot for PRACH format 1/2/3 . So for FDD mode if reception window is not bigger than 5ms then only 5 RA-RNTI need be reserved. The equation (3) can also be used for the PRACH channel whose periodicity is 20ms because anyway the length of reception window will not bigger than 20ms. Table 1 contain 16 slot configuration for FDD mode. For highlighted configuration No.12, the corresponding RA-RNTI-offset is: 0,2,4,1,3
2.2. TDD mode

For TDD mode more than one PRACH channel will be configured. And in one TTI more than one random access slot is possible. So the rule to mapping the RA-RNTI-offset shall be changed for: the RA-RNTI offset should only be different for those random access slot whose distance is less than length of reception window or in the same TTI.
The equation (3) is modified as:
RA-RNTI-offset = Sn % N + N*Fi  (4)   where:
Sn: the 1st subframe number of random access slot;
N = 5 if Wlength <=5 , or N=10;
Fi: index of the frequency of the random access slot;
Apparently for TDD mode the total number of RA-RNTI to be reserved is equal to Fn*N, where Fn is the total number of the configured PRACH channels. For example, 2 PRACH channels are configured and length of reception window is 8 then totally 2*10=20 consecutive RA-RNTIs shall be reserved.
3. Conclusion 
The length of reception window of RA response message can be used to optimize the reservation of RA-RNTI. Considering TDD mode the RA-RNTI should only be different for those random access slot whose distance is less than length of reception window or in the same TTI. According to this rule the total number of RA-RNTI to be reserved is equal to Fn*5 or Fn*10 (for FDD Fn=1). And the equation for the mapping between RA-RNTI and random access slot is:
RA-RNTI = RA-RNTI-COUNT + Sn % N + N*Fi  (5)   where:
RA-RNTI-COUNT: base of reserved RA-RNTI
Sn: the 1st subframe number of random access slot;
N = 5,  if Wlength <=5 , or N=10;

Fi: index of the frequency of the random access slot, for FDD mode it is always 0;
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5. Annex1 random access slot configuration for FDD and RA-RNTI offset
	PRACH configuration
	Frame number
	Subframe number
	RA-RNTI offset when N=5
	RA-RNTI offset when N=10

	0
	Even
	1
	1
	1

	1
	Even
	4
	4
	4

	2
	Even
	7
	2
	7

	3
	Any
	1
	1
	1

	4
	Any
	4
	4
	4

	5
	Any
	7
	2
	7

	6
	Any
	1, 6
	1, 1
	1, 6

	7
	Any
	2 ,7
	2 ,2
	2 ,7

	8
	Any
	3, 8
	3, 3
	3, 8

	9
	Any
	1, 4, 7
	1, 4, 2
	1, 4, 7

	10
	Any
	2, 5, 8
	2, 0, 3
	2, 5, 8

	11
	Any
	3, 6, 9
	3, 1, 4
	3, 6, 9

	12
	Any
	0, 2, 4, 6, 8
	0, 2, 4, 1, 3
	0, 2, 4, 6, 8

	13
	Any
	1, 3, 5, 7, 9
	1, 3, 0, 2, 4
	1, 3, 5, 7, 9

	14
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	0, 1, 2, 3, 4, 0, 1, 2, 3, 4
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9

	15
	Even
	9
	4
	9


 Table 1 Random access preamble timing for preamble format 0-3
6. Annex2 UL/DL allocation for TDD
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7. Annex3 assuming N=5, RA-RNTI offset for TDD mode in case 2 PRACH channel
	
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	RA-RNTI offset for 1st channel
	NA
	1
	2
	3
	4
	NA
	1
	2
	3
	4

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	8
	9
	NA
	1
	7
	8
	9

	
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	RA-RNTI offset for 1st channel
	NA
	1
	2
	3
	NA
	NA
	1
	2
	3
	NA

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	8
	NA
	NA
	1
	7
	8
	NA

	
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	RA-RNTI offset for 1st channel
	NA
	1
	2
	NA
	NA
	NA
	1
	2
	NA
	NA

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	NA
	NA
	NA
	1
	7
	NA
	NA

	
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	RA-RNTI offset for 1st channel
	NA
	1
	2
	3
	4
	NA
	NA
	NA
	NA
	NA

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	8
	9
	NA
	NA
	NA
	NA
	NA

	
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	RA-RNTI offset for 1st channel
	NA
	1
	2
	3
	NA
	NA
	NA
	NA
	NA
	NA

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	8
	NA
	NA
	NA
	NA
	NA
	NA

	
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	RA-RNTI offset for 1st channel
	NA
	1
	2
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D

	RA-RNTI offset for 1st channel
	NA
	1
	2
	3
	4
	NA
	1
	2
	3
	NA

	RA-RNTI  offset  for 2nd channel
	NA
	1
	7
	8
	9
	NA
	1
	7
	8
	NA


Table 2
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