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1．Introduction

RAN2 has agreed that for both contention based and non-contention based random access procedure, Random Access Response (Msg2) should addressed by RA-RNTI [1]. And a long time ago, RAN2 has agreed that a 1-to-1 mapping should exist between RA-RNTI and PRACH resource (PRACH occasion) [1]. However, how could UE know the exact mapping between RA-RNTI and PRACH resource is still FFS.
In this contribution, we discuss this topic and provide an efficient solution.
2．Discussion
2.1 RA-RNTI concept
The concept of RA-RNTI was first raised in [2]. It is a common view that RA-RNTI should be used to unambiguously identity a PRACH resource (i.e. a RACH occasion). So when UE send out a RA preamble (Msg1) on a specific PRACH resource, it should monitor the corresponding RA-RNTI in L1/L2 control channel for Msg2.
There are two examples to show the usage of multiple RA-RNTIs.
· Example 1: identity multiple PRACH resources within the same subframe
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Figure 1 
As shown in Figure 1, two PRACH resources (PRACH#1 and PRACH #2) locate at the same subframe (subframe #1); obviously, the corresponding Msg2 TX window for them is the same (subframe#4~#7), then two RA-TNTIs must be used, otherwise, UE can not distinguish which PRACH resource the Msg2 is replying.

· Example 2: identity multiple PRACH resources within the collision window
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Figure 2 
As shown in Figure 2, two PRACH resources (PRACH#1 and PRACH #2) locate at different subframes; however, the corresponding Msg2 TX window for them have an overlapping zone (subframe#9), then two RA-TNTIs must be used, otherwise in the overlapping zone, UE can not distinguish which PRACH resource the Msg2 is replying.
2.2 RA-RNTI design method
From the above analysis, the number of RA-RNTI is decided by the following factors:

1) PRACH resource configuration, i.e. the PRACH resource allocation pattern in time/frequency domain

2) Msg2 TX window setting, e.g. window begin point (decided by processing delay), window length (influence the scalability of scheduling), etc

3) DL subframe assignment, in TDD mode, also affecting the Msg2 TX window
Obviously, there are two kinds of approach can be considered.
2.2.1 Case by case approach
The natural way is the case by case approach, which means for a given scenario, a specific “RA-RNTI mapping table” is designed (including the number of RA-RNTIs and the exact values of them). Considering how to notify UE about this “RA-RNTI mapping table”, there are two options:

a) fixed in the specification

b) broadcasting in system information

However, the most drawback of this approach is the complexity, because the number of combination of above factor is very large. If we use option a), we will have to pre-design “RA-RNTI mapping table” for every possible scenario and put them in the specification. Or if we use option b), we must delivery the designed “RA-RNTI mapping table” through the system information broadcasting, which will inevitably consume some radio resource.
2.2.3 General approach
To avoid those drawbacks, we propose to use a general approach. This approach is characterised by:

1) establish an default PRACH resource and RA-RNTI association table in the specification

2) in the table, enough number (and values) of RA-RNTIs are reserved
3) each reserved value of RA-RNTI is bind with their location (e.g. subframe number, frequency index) within the table
4) for a given PRACH configuration, the actual “RA-RNTI mapping table” can be deduced by the given PRACH configuration, and in which only few number of RA-RNTIs will be used
In this approach, we need not pre-design “RA-RNTI mapping table” for every possible scenario, and UE could deduce the actual “RA-RNTI mapping table” by PRACH configuration, which will anyway be broadcast in system information. Another benefit is that the mapping relationship between PRACH and RA-RNTI is quite clear and the specification text is very clean. The main drawback is that when the number of PRACH resource is not so much, many reserved RA-RNTIs can not be fully utilized. However, our current WA is RNTI will have 16 bits length, so it can
In the following, we will give our total solution as an example to illustrate the above approach. This solution could cover both FDD and TDD mode of LTE system.

2.3 Example & Change Request
To cope with FDD and TDD mod, first we should investigate all possible PRACH configurations:
1) FDD mode, all possibility are listed below [3]:
	PRACH configuration
	Frame number
	Subframe number

	0
	Even
	1

	1
	Even
	4

	2
	Even
	7

	3
	Any
	1

	4
	Any
	4

	5
	Any
	7

	6
	Any
	1, 6

	7
	Any
	2 ,7

	8
	Any
	3, 8

	9
	Any
	1, 4, 7

	10
	Any
	2, 5, 8

	11
	Any
	3, 6, 9

	12
	Any
	0, 2, 4, 6, 8

	13
	Any
	1, 3, 5, 7, 9

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

	15
	Even
	9


Note that in FDD mode, the max number of PRACH resource in a single subframe is 1.
2) TDD mode, all possibility are listed below [4]:
	PRACH configuration
	Frame number
	number of PRACH Subframe
	PRACH period(ms)
	Preamble format

	0
	Even
	1
	20
	0-3

	1
	Any
	1
	10
	0-3

	2
	Any
	2
	10
	0-3

	3
	Any
	1
	5
	0-3

	4
	Any
	2
	5
	0-3

	5
	Any
	3
	5
	0-3

	6
	Any
	4
	5
	0-3

	7
	Any
	5
	5
	0-3

	8
	Even
	1
	20
	4

	9
	Any
	1
	10
	4

	10
	Any
	2
	10
	4

	11
	Any
	1
	5
	4

	12
	Any
	2
	5
	4

	13
	Any
	3
	5
	4

	14
	Any
	4
	5
	4

	15
	Any
	5
	5
	4


Note that generally in TDD mode, the max number of PRACH resource in a single subframe is 5.

Base on the approach in 2.2.3, a general pre-defined mapping table common for FDD and TDD can be introduced and used in the specification as the following (having in mind that normally the length of Msg2 TX window is 4~6 ms). Note that Table 1 itself is just used to assist the understanding and could actually not be captured in the specification text.
******************************** begin of change request ***********************************
Table 1 Default PRACH resource <->RA-RNTI association table

	Subframe Number
	PRACH resource index within Subframe (i)
	RA-RNTI offset

	0
	0
	0

	
	1
	1

	
	2
	2

	
	3
	3

	
	4
	4

	1
	0
	5

	
	1
	6

	
	2
	7

	
	3
	8

	
	4
	9

	2
	0
	10

	
	1
	11

	
	2
	12

	
	3
	13

	
	4
	14

	3
	0
	15

	
	1
	16

	
	2
	17

	
	3
	18

	
	4
	19

	4
	0
	20

	
	1
	21

	
	2
	22

	
	3
	23

	
	4
	24

	5
	0
	25

	
	1
	26

	
	2
	27

	
	3
	28

	
	4
	29

	6
	0
	30

	
	1
	31

	
	2
	32

	
	3
	33

	
	4
	34

	7
	0
	35

	
	1
	36

	
	2
	37

	
	3
	38

	
	4
	39

	8
	0
	40

	
	1
	41

	
	2
	42

	
	3
	43

	
	4
	44

	9
	0
	45

	
	1
	46

	
	2
	47

	
	3
	48

	
	4
	49


For a PRACH resource, the associated RA-RNTI is given by:

RA-RNTI= RA-RNTIinit+5*SFN+i






(1)

Where

RA-RNTIinit =0x0100,

SFN is the number of subframe where the specified PRACH resource is located (0<=SFN<10),

i is the index of the specified PRACH resource within the subframe, in increasing order of frequency domain (0<=i<5).
******************************** end of change request ***********************************

According the above text, RNTI value from 0x0100 to 0x0131 is reserved for RA-RNTI.
Use case 1):
Assuming in a LTE FDD system, PRACH configuration #7 is used. In this PRACH configuration, within each radio frame, 2 PRACH resources are defined: one is in subframe#2 and the other is in subframe #7. According to the above text, UE could deduce “RA-RNTI mapping table” as the following:

	PRACH resource location
	RA-RNTI value

	PRACH resource in subframe#2
	0x010A

	PRACH resource in subframe#7
	0x0123


Use case 2):
Assuming in a LTE TDD system, PRACH configuration #15 is used. In this PRACH configuration, within each half-frame, 5 PRACH resources are defined in every UpPTS. According to the above text, UE could deduce “RA-RNTI mapping table” as the following:

	PRACH resource location
	RA-RNTI value

	PRACH resource 1 (lowest frequency)
	UpPTS in suframe#1
	0x0105

	PRACH resource 2
	UpPTS in suframe#1
	0x0106

	PRACH resource 3
	UpPTS in suframe#1
	0x0107

	PRACH resource 4
	UpPTS in suframe#1
	0x0108

	PRACH resource 5 (highest frequency)
	UpPTS in suframe#1
	0x0109

	PRACH resource 1 (lowest frequency)
	UpPTS in suframe#6
	0x011E

	PRACH resource 2
	UpPTS in suframe#6
	0x011F

	PRACH resource 3
	UpPTS in suframe#6
	0x0120

	PRACH resource 4
	UpPTS in suframe#6
	0x0121

	PRACH resource 5 (highest frequency)
	UpPTS in suframe#6
	0x0122


3．Conclusion

RAN2 is kindly requested to discuss the identified open issue and adopt the proposed solution in Chap 2.3. RAN2 should also discuss the corresponding CR should be captured by which specification (36.331 or 36.321?).
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