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1 Introduction

In the section 10.1.5.2 of 36.300 states following [1]:
	10.1.5.2
Non-contention based random access procedure
The non-contention based random access procedure is outlined on Figure 10.1.5.2-1 below:
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Figure 10.1.5.2-1: Non-contention based Random Access Procedure
The three steps of the non-contention based random access procedures are:

0)
Random Access Preamble assignment via dedicated signalling in DL:

-
eNB assigns to UE a non-contention Random Access Preamble (a Random Access Preamble not within the set broadcasted on BCH).

-
Signalled via:

-
HO command generated by target eNB and sent via source eNB for handover;

-
L1/L2 control channel in case of DL data arrival.

1)
Random Access Preamble on RACH in uplink: 

-
UE transmits the assigned non-contention Random Access Preamble.

2)
Random Access Response on DL-SCH:

-
Semi-synchronous (within a flexible window of which the size is one or more TTI) with message 1;

-
No HARQ;
-
Addressed to RA-RNTI on L1/L2 control channel;
-
Conveys at least:

-
Timing Alignment information and initial UL grant for handover;

-
Timing Alignment information for DL data arrival;

-
RA-preamble identifier.

-
Intended for one or multiple UEs in one DL-SCH message.


The Non-contention based RA procedure are used for two aims:
1) UE handover
· The dedicated preamble assignment is carried in RRC singaling.
2) Downlink data arrival when UE is out of synchronization 
· The dedicated preamble assignment is carried in PDCCH. 
In the related handover message, the configuration of dedicated preamble is described as below [2], and the ra-ResourceIndex equals to the “frequency resource index” defined in 36.211, and only for TDD.
DedicatedRandomAccessParams information element
-- ASN1START

DedicatedRandomAccessParams ::=

SEQUENCE {


ra-PreambleIndex




INTEGER (1..64),


ra-ResourceIndex




INTEGER (0..5)


OPTIONAL
}

-- ASN1STOP

	DedicatedRandomAccessParams field descriptions

	ra-PreambleIndex

Explicitly signalled Random Access Preamble in [36.321].

	ra-ResourceIndex

Explicitly signalled PRACH resource in [36.321]. Frequency resource index in [36.211]. Only applicable to TDD


2 Discussion
During the Non-contention RA procedure, it is not a fix period between the step0 (dedicated preamble assignment) to step1 (using the dedicated preamble in the related PRACH resource). The period is depended on how long UE processes the related messages.
In the current version of 36.331, the PRACH resource used to transmit the dedicated preamble is only configured in frequency domain, not in time domain. So the 3 bits PRACH resource information is redundant at all for FDD. For TDD, at most 6 frequency resources need to be assigned, so there are 2 code points are wasted. 
If eNB can assign PRACH resource in time domain, the different UEs can use the same dedicated preamble in different subframes. The chance to apply non-contention based RA procedure is increased when the number of dedicated preambles are limited.

It is proposed to assign the PRACH resource in frequency domain and time domain simultaneously if needed. However, current procedure, i.e. without indicating the PRACH in time domain, should also be supported at the same time due to small delay.
Proposal 1: It is proposed that the PRACH resource information includes the time (subframe) indication for FDD, and the frequency + time indication for TDD. The PRACH resource information without time indication should be supported at the same time.
Two methods to implement proposal 1 are shown below respectively.
Method 1: 3 bits PRACH resource information
It has been agreed that there are 3 bits PRACH resource information to indicate the frequency resource. So we can extend the usage of these 3 bits.
Case 1: DL data arrival in FDD
The 3 bits PRACH resource information is carried in PDCCH.
Number the PRACH resources for certain PRACH configuration as PRACH resource index 0, 1… 6 (Refer to Table 5.7.1-2 in 36.211). For example, the PRACH resource indexes in PRACH configuration 13, 14 are shown in Table 1.
Table 1 PRACH resource index in PRACH configuration 13, 14
	PRACH resource index
	0
	1
	2
	3
	4
	5
	6
	/
	/
	/

	Subframe number (PRACH configuration 13)
	1
	3
	5
	7
	9
	/
	/
	/
	/
	/

	Subframe number (PRACH configuration 14)
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9


So the relation between PRACH configuration and PRACH resource index can be set up in Table 2. It should be noted that the code-point “111” is reserved to indicate no time domain indication.
For PRACH configuration 14, PRACHs in subframe 7, 8, 9 can't be assigned to transmit dedicated preamble with time domain indication. So it is assumed that in such scenario the PRACH in subframe 7, 8, 9 can not be allocated separately associated with a dedicated preamble.
Considering the RA density, PRACH configuration 14 can’t be used often, so above method can be accepted basically.

Table 2 Relation between PDCCH code-point and PRACH resource index
	PDCCH code-point
	PRACH resource index

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	Any available resource


Case 2: Handover in FDD
The 3 bits PRACH resource information is carried in RRC signaling.
Number the PRACH resources for certain PRACH configuration as PRACH resource index 0, 1… 6 (maybe to 7). And the relation between RRC signalling and PRACH resource index can be set up as Table 3 or Table 4 .
Table 3 Relation between ra-ResourceIndex and PRACH resource index (ra-ResourceIndex  is OPTIONAL)
	ra-ResourceIndex
	PRACH resource index

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	7


Table 4 Relation between ra-ResourceIndex and PRACH resource index (ra-ResourceIndex  is MANDATORY)
	ra-ResourceIndex
	PRACH resource index

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	6

	111
	Any available subframe


Case 3: DL data arrival in TDD
In TDD, the PRACH resources are decided by PRACH configuration and UL/DL configuration together (Refer to Table 5.7.1-4 in 36.211). 
Number the PRACH resources for certain PRACH configuration and UL/DL configuration as PRACH resource index 0, 1… 5. The PRACH resource indexes in (PRACH configuration 18 & 6DL: 3UL), (PRACH configuration 18 & 7DL: 2UL), (PRACH configuration 18 & 8DL: 1UL) are shown in Table 5. Each quadruple of the format 
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 indicates the location of a specific random access resource, where 
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 is a frequency resource index within the considered time instance, 
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indicates whether the resource is reoccurring in all radio frames, in even radio frames, or in odd radio frames, respectively, 
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 indicates whether the random access resource is located in first half frame or in second half frame, respectively, and where 
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 is the uplink subframe number where the preamble starts, counting from 0 at the first uplink subframe between 2 consecutive downlink-to-uplink switch points, with the exception of preamble format 4 which is always transmitted in UpPTS and 
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 is denoted as (*).
Table 5 PRACH resource index in PRACH configuration 13, 14
	PRACH resource index
	0
	1
	2
	3
	4
	5

	PRACH configuration 18 & 6DL: 3UL
	(0,0,0,2)
	(0,0,0,1)
	(0,0,0,0)
	(1,0,0,2)
	(1,0,0,1)
	(1,0,0,0)

	PRACH configuration 18 & 7DL: 2UL
	(0,0,0,1)
	(0,0,0,0)
	(1,0,0,1)
	(1,0,0,0)
	(2,0,0,1)
	(2,0,0,0)

	PRACH configuration 18 & 8DL: 1UL
	(0,0,0,0)
	(1,0,0,0)
	(2,0,0,0)
	(3,0,0,0)
	(4,0,0,0)
	(5,0,0,0)


So the relation between PDCCH code-point and PRACH resource index can be set up in Table 6.

There may be 1, 2, 3, or 6 frequency resources in one subframe and there are 6 PRACH resources in a radio frame at most. If network prefer the PRACH resource information without time resource indication: 
(1) If there are 6 frequency resources in one subframe, PDCCH code-point “000”~“101” can be used.
(2) If there are 1 or 2 frequency resources in one subframe, 2 PDCCH code-points are enough.
(3) If there are 3 frequency resources in one subframe, 2 PDCCH code-points are used to indicate the 1st and the 2nd frequency resource. The 3rd frequency resource can be used for contention based RACH only.
Same with FDD, considering the RACH density, the scenario of 3 frequency resources in one subframe can’t be used often, so above method can be accepted basically.

Table 6 Relation between PDCCH code-point and PRACH resource index
	PDCCH code-point
	PRACH resource index

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	The 1st frequency resource in available subframe

	111
	The 2nd frequency resource in available subframe


Case 4: Handover in TDD
Number the PRACH resources in certain PRACH configuration and UL/DL configuration as PRACH resource index 0, 1… 5. The relation between RRC signalling and PRACH resource index can be set up in Table 7.
Table 7 Relation between ra-ResourceIndex and PRACH resource index
	ra-ResourceIndex
	PRACH resource index

	000
	0

	001
	1

	010
	2

	011
	3

	100
	4

	101
	5

	110
	The 1st frequency resource in available subframe

	111
	The 2nd frequency resource in available subframe


Method 2: 4 bits PRACH resource information
With method 2, some PRACH resources can’t be indicated. Another method is to extend the PRACH resource information to 4 bits.
Case 1: DL data arrival in FDD
The relation between PDCCH code-point and PRACH resource index can be set up as Table 8.
Table 8 Relation between PDCCH code-point and PRACH resource index
	PDCCH code-point
	PRACH resource index

	0000
	0

	0001
	1

	0010
	2

	0011
	3

	0100
	4

	0101
	5

	0110
	6

	0111
	7

	1000
	8

	1001
	9

	1010
	Reserved

	1011
	Reserved

	1100
	Reserved

	1101
	Reserved

	1110
	Reserved

	1111
	Any available subframe


Case 2: Handover in FDD
The relation between RRC signalling and PRACH resource index can be set up as Table 9.
Table 9 Relation between ra-ResourceIndex and PRACH resource index
	ra-ResourceIndex
	PRACH resource index

	0000
	0

	0001
	1

	0010
	2

	0011
	3

	0100
	4

	0101
	5

	0110
	6

	0111
	7

	1000
	8

	1001
	9

	1010
	Reserved

	1011
	Reserved

	1100
	Reserved

	1101
	Reserved

	1110
	Reserved

	1111
	Any available subframe (ra-ResourceIndex  is MANDATORY) or Reserved (ra-ResourceIndex  is OPTIONAL)


Case 3: DL data arrival  in TDD
The relation between PDCCH code-point and PRACH resource index can be set up as Table 10.
Table 10 Relation between PDCCH code-point and PRACH resource index
	PDCCH code-point
	PRACH resource index

	0000
	0

	0001
	1

	0010
	2

	0011
	3

	0100
	4

	0101
	5

	0110
	The 1st frequency resource in available subframe

	0111
	The 2nd frequency resource in available subframe

	1000
	The 3rd frequency resource in available subframe

	1001
	The 4th frequency resource in available subframe

	1010
	The 5th frequency resource in available subframe

	1011
	The 6th frequency resource in available subframe

	1100
	Reserved

	1101
	Reserved

	1110
	Reserved

	1111
	Reserved


Case 4: Handover in TDD

The relation between RRC signalling and PRACH resource index can be set up as Table 11.
Table 11 Relation between ra-ResourceIndex and PRACH resource index
	ra-ResourceIndex
	PRACH resource index

	0000
	0

	0001
	1

	0010
	2

	0011
	3

	0100
	4

	0101
	5

	0110
	The 1st frequency resource in available subframe

	0111
	The 2nd frequency resource in available subframe

	1000
	The 3rd frequency resource in available subframe

	1001
	The 4th frequency resource in available subframe

	1010
	The 5th frequency resource in available subframe

	1011
	The 6th frequency resource in available subframe

	1100
	Reserved

	1101
	Reserved

	1110
	Reserved

	1111
	Reserved


Comparing method 1 and method 2, method 1 doesn’t increase any resource overhead; method 2 need one more bit but can indicate all PRACH resources.
We prefer the method 2 slightly.
Proposal 2: extend the PRACH resource information to 4 bits. So “ra-ResourceIndex” is extended to 4bit and increase 1 bit in PDCCH for dedicated preamble allocation.

Proposal 3: agree the mapping information between PRACH resource information and PRACH resource as Table 8 ~Table 11.
3 Conclusion
Proposal 1: It is proposed that the PRACH resource information includes the time (subframe) indication for FDD, and the frequency + time indication for TDD. The PRACH resource information without time indication should be supported at the same time.
Proposal 2: extend the PRACH resource information to 4 bits. So “ra-ResourceIndex” is extended to 4bit and increase 1 bit in PDCCH for dedicated preamble allocation.

Proposal 3: agree the mapping information between PRACH resource information and PRACH resource as Table 8 ~Table 11.
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*********** Start of Text Proposal, based on CR R2-083795 to 36.331v820 ************
–
RACH-ConfigDedicated

The IE RACH-ConfigDedicated is used to specify the dedicated random access parameters.

RACH-ConfigDedicated information element
-- ASN1START

RACH-ConfigDedicated ::=

SEQUENCE {


ra-PreambleIndex




INTEGER (1..64),


ra-ResourceIndex




ENUMBERATED {rai0, rai1, rai2, rai3, rai4, rai5, rai6, rai7,











 rai8, rai9, rai10, rai11, spare4, spare3, spare2,











 spare1}


OPTIONAL

}

-- ASN1STOP

	RACH-ConfigDedicated field descriptions

	ra-PreambleIndex

Explicitly signalled Random Access Preamble in [36.321].

	ra-ResourceIndex

Explicitly signalled PRACH resource in [36.321].
For FDD, rai0 to rai9 correspond to the 1st to 10th element in the grid of Table 5.7.1-2 [36.211] respectively; rai10 correspond to any element in the grid of Table 5.7.1-2 [36.211]; all other values are not used.

For TDD, rai0-5 correspond to the 1st to 6th elements in the grid of Table 5.7.1-4 [36.211] respectively; rai6 correspond to any element for which
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=0 in the grid of Table 5.7.1-4 [36.211], rai7 correspond to any element for which
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=1 in the grid of Table 5.7.1-4 [36.211], rai8 correspond to any element for which
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=2 in the grid of Table 5.7.1-4 [36.211], rai9 correspond to any element for which
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=3 in the grid of Table 5.7.1-4 [36.211], rai10 correspond to any element for which
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=4 in the grid of Table 5.7.1-4 [36.211], rai11 correspond to any element for which
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=5 in the grid of Table 5.7.1-4 [36.211]; all other values are not used.


*************************** End of Text Proposal *****************************
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