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1 Introduction

This contribution is a resubmission of R2-080718/R2-080119.
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 size (influence the scalability of scheduling), etc
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.
2.2.2 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 there are totally 2^16=65536 RNTI value available, we think such kind of waste is not a real problem.

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 Proposed solution
To cope with FDD and TDD mod, first we should investigate all possible PRACH configurations:

1) FDD mode
All possibility is listed below [3]:

Table 1 Random access preamble timing for preamble format 0-3

	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, in other words, the maximum number of PRACH within per radio frame is 10.

2) TDD mode

Althrough RAN1 has not finalized the PRACH configuration design for TDD, with the general approach, RAN2 can still design RA-RNTI without details RAN1 decision, because here what RAN2 need to know is the maximum density of PRACH. As mentioned above, in FDD, the maximum number of PRACH within per radio frame is 10, it’s a reasonable assumption that in TDD mode, the maximum number of PRACH within per radio frame is half of it, i.e. 5. More specificly, this may happen in 20MHz TDD cell with 8 DL: 1 UL assignment.
Base on the approach in 2.2.2, a general pre-defined mapping rule common for FDD and TDD can be introduced as the following:

1) Reserve 50 RNTI value (from 0x0000 to 0x0031) for RA-RNTI (in recent email discussion, the initial value of RA-RNTI is agreed as 0x0000). Then every PRACH can be uniquely binding with a RA-RNTI value within a radio frame.
2) For a PRACH resource, UE could deduce the associated RA-RNTI using this formula:

RA-RNTI= 5*t_id+f_id






(1)

Where t_id is the index of the first subframe of the specified PRACH resource (0<= t_id <10), f_id is the index of the specified PRACH resource within that subframe, in increasing order of frequency domain (0< = f_id <5).
Here are some examples.
Examples 1):

Assuming in a LTE FDD system, PRACH configuration#7 and preamble format#0 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 1
	subframe#2
	0x000A

	PRACH resource 2
	subframe#7
	0x0023


Examples 2):
Assuming in a LTE FDD system, PRACH configuration#6 and preamble format#1 is used. In this PRACH configuration, within each radio frame, 2 PRACH resources are defined: one is in subframe#1&2 and the other is in subframe#6&7. According to the above text, UE could deduce “RA-RNTI mapping table” as the following:
	PRACH resource location
	RA-RNTI value

	PRACH resource 1
	subframe#1&2
	0x0005

	PRACH resource 2
	subframe#6&7
	0x001E


Examples 3):

Assuming in a LTE TDD system with 8 DL: 1 UL assignment, there are 5 PRACH per radio frame. If preamble format 4 is used, then all PRACH resource will be located in subframe#1(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 subframe#1
	0x0005

	PRACH resource 2
	UpPTS in subframe#1
	0x0006

	PRACH resource 3
	UpPTS in subframe#1
	0x0007

	PRACH resource 4
	UpPTS in subframe#1
	0x0008

	PRACH resource 5 (highest frequency)
	UpPTS in subframe#1
	0x0009


Examples 4):

Assuming in a LTE TDD system with 8 DL: 1 UL assignment, there are 5 PRACH per radio frame. If preamble format 0 is used, then all PRACH resource will be located in subframe#2. 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)
	subframe#2
	0x000A

	PRACH resource 2
	subframe#2
	0x000B

	PRACH resource 3
	subframe#2
	0x000C

	PRACH resource 4
	subframe#2
	0x000D

	PRACH resource 5 (highest frequency)
	subframe#2
	0x000E


3 Conclusion

In this contribution, we propose:
Proposal 1: to use general approach in RA-RNTI design.
Proposal 2: NW should not signalling RA-RNTI per PRACH resource, and UE should deduce them through mapping rules which is defined in the spec.

Proposal 3: reserve 50 RA-RNTI values.

Proposal 4: UE should decuce RA-RNTI value using formula 1) above.

The corresponding TP is given in chap 5 in the following.
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********************* begin *************************
7.1
RNTI values

RNTI values are presented in Table 7.1-1.

Table 7.1-1: RNTI values.

	Value (hexa-decimal)
	RNTI

	0000-[0031]
	RA-RNTI

	[0032]-FFF2
	C-RNTI and T-CRNTI

	FFF3-FFFC
	Reserved for future use

	FFFD
	P-RNTI

	FFFE
	SI-RNTI

	FFFF
	SC-RNTI


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

RA-RNTI= 5*t_id+f_id






(1)

Where t_id is the index of the first subframe of the specified PRACH resource (0<= t_id <10), f_id is the index of the specified PRACH resource within that subframe, in increasing order of frequency domain (0< = f_id <5).

********************* end *************************
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