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eMTC intra-frequency handover requirements in CEModeB are defined in Section 5.6 in TS 36.133[1] with following two TBDs:

When intra-frequency handover is commanded, the interruption time shall be less than Tinterrupt

	Tinterrupt = Tsearch + TIU + [20] ms

Where:
	
Tsearch is the time required to search the target cell when the target cell is not already known to the UE when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. If the target cell is known then Tsearch shall be according to the non-DRX cell identification requirements specified in Clause 8.13.3.1 for a UE configured with CEModeB.
 
TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. The actual value of TIU shall depend upon the PRACH configuration used in the target cell and the PRACH coverage enhancement level used by the UE for sending the random access to the target cell. TIU can be up to TBD ms.

In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last TBD seconds. Otherwise, it is unknown. The time duration required for the cell identification is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.3.1 for a UE configured with CEModeB.”

In this paper, we discuss on how to address these TBDs for completing the eMTC intra-frequency handover requirements in CEModeB.

Discussion
The “TBD” in interruption uncertainty for the first available PRACH occasion

TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the target cell. The actual value of TIU shall depend upon the PRACH configuration(s) provided by the target cell, and more precisely, the PRACH configuration that the UE should select for transmitting PRACH, if the target cell configures multiple PRACH configurations.

In RAN4#79, when discussing eMTC CEModeB HO requirements, it was also suggested to provide the maximum delay number for the TIU.  It was unclear, however, at that time on what the value should be given for the maximum TIU, thus, it was agreed to use the description “TIU can be up to TBD ms.”


eMTC PRACH configuration in Rel-13 is defined with the following information element PRACH-ParametersCE-r13 in TS 36.331 [2]:

PRACH-ParametersCE-r13 ::=			SEQUENCE {
	prach-ConfigIndex-r13					INTEGER (0..63),
	prach-FreqOffset-r13						INTEGER (0..94), 
	prach-StartingSubframe-r13				ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128,
														sf256}				OPTIONAL,	-- Need OP
	maxNumPreambleAttemptCE-r13
								ENUMERATED {n3, n4, n5, n6, n7, n8, n10}	OPTIONAL,	-- Need OP
	numRepetitionPerPreambleAttempt-r13		ENUMERATED {n1,n2,n4,n8,n16,n32,n64,n128},
	mpdcch-NarrowbandsToMonitor-r13			SEQUENCE (SIZE(1..2)) OF 
													INTEGER (1..maxAvailNarrowBands-r13),
	mpdcch-NumRepetition-RA-r13				ENUMERATED {r1, r2, r4, r8, r16,
														r32, r64, r128, r256},
	prach-HoppingConfig-r13					ENUMERATED {on,off}
}

Among the parameters in the PRACH-ParametersCE-r13 IE, it is clear that only the following parameters may actually have the impact on the first available PRACH subframe occasion in the target cell:

· prach-ConfigIndex-r13
· INTEGER (0..63),
· 
prach-StartingSubframe-r13 ()
· ENUMERATED {sf2, sf4, sf8, sf16, sf32, sf64, sf128, sf256}
· 
numRepetitionPerPreambleAttempt-r13 ()
· ENUMERATED {n1,n2,n4,n8,n16,n32,n64,n128}

prach-ConfigIndex determines the subframes allowed for PRACH transmission, including the system frame number and as well as the subframe number, as shown in Table 5.7.1-2 in TS 36.211 for frame structure type 1 (as copied in the following) and in Table 5.7.1-3 in TS 36.211 for frame structure type 2.

Table 5.7.1-2: Frame structure type 1 random access configuration for preamble formats 0-3 (TS 36.211)
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number
	PRACH Configuration
Index
	Preamble
Format
	System frame number
	Subframe number

	0
	0
	Even
	1
	32
	2
	Even
	1

	1
	0
	Even
	4
	33
	2
	Even
	4

	2
	0
	Even
	7
	34
	2
	Even
	7

	3
	0
	Any
	1
	35
	2
	Any
	1

	4
	0
	Any
	4
	36
	2
	Any
	4

	5
	0
	Any
	7
	37
	2
	Any
	7

	6
	0
	Any
	1, 6
	38
	2
	Any
	1, 6

	7
	0
	Any
	2 ,7
	39
	2
	Any
	2 ,7

	8
	0
	Any
	3, 8
	40
	2
	Any
	3, 8

	9
	0
	Any
	1, 4, 7
	41
	2
	Any
	1, 4, 7

	10
	0
	Any
	2, 5, 8
	42
	2
	Any
	2, 5, 8

	11
	0
	Any
	3, 6, 9
	43
	2
	Any
	3, 6, 9

	12
	0
	Any
	0, 2, 4, 6, 8
	44
	2
	Any
	0, 2, 4, 6, 8

	13
	0
	Any
	1, 3, 5, 7, 9
	45
	2
	Any
	1, 3, 5, 7, 9

	14
	0
	Any
	0, 1, 2, 3, 4, 5, 6, 7, 8, 9
	46
	N/A
	N/A
	N/A

	15
	0
	Even
	9
	47
	2
	Even
	9

	16
	1
	Even
	1
	48
	3
	Even
	1

	17
	1
	Even
	4
	49
	3
	Even
	4

	18
	1
	Even
	7
	50
	3
	Even
	7

	19
	1
	Any
	1
	51
	3
	Any
	1

	20
	1
	Any
	4
	52
	3
	Any
	4

	21
	1
	Any
	7
	53
	3
	Any
	7

	22
	1
	Any
	1, 6
	54
	3
	Any
	1, 6

	23
	1
	Any
	2 ,7
	55
	3
	Any
	2 ,7

	24
	1
	Any
	3, 8
	56
	3
	Any
	3, 8

	25
	1
	Any
	1, 4, 7
	57
	3
	Any
	1, 4, 7

	26
	1
	Any
	2, 5, 8
	58
	3
	Any
	2, 5, 8

	27
	1
	Any
	3, 6, 9
	59
	3
	Any
	3, 6, 9

	28
	1
	Any
	0, 2, 4, 6, 8
	60
	N/A
	N/A
	N/A

	29
	1
	Any
	1, 3, 5, 7, 9
	61
	N/A
	N/A
	N/A

	30
	N/A
	N/A
	N/A
	62
	N/A
	N/A
	N/A

	31
	1
	Even
	9
	63
	3
	Even
	9



From above table, it can be seen that the subframes allowed for PRACH transmission can be as few as one subframe for every two radio frames, e.g., PRACH Configuration Indexes 0, or it can be as many as every subframe, e.g., PRACH Configuration Indexes 14.

Although prach-ConfigIndex determines the subframes allowed for PRACH transmission, or it alone does not determine the first opportunity for the PRACH transmission, since not all subframes, which are allowed for PRACH transmission, can serve as the starting subframes for PRACH transmission. 

As a matter of fact, only a subset of the PRACH subframes are allowed as starting subframes for eMTC UEs with PRACH repetitions. As defined in TS 36.211, the allowed starting subframes for a PRACH configuration are determined as follows:

· 



Enumerate the subframes that are allowed for preamble transmission for the PRACH configuration as  where   and   correspond to the two subframes allowed for preamble transmission with the smallest and the largest absolute subframe number   , respectively.
· 




If a PRACH starting subframe periodicity   is not provided by higher layers, the periodicity of the allowed starting subframes in terms of subframes allowed for preamble transmission is . The allowed starting subframes defined over  are given by  where 
· 


If a PRACH starting subframe periodicity   is provided by higher layers, it indicates the periodicity of the allowed starting subframes in terms of subframes allowed for preamble transmission. The allowed starting subframes defined over  where 
· 
No starting subframe with absolute subframe number   is allowed.



Based on above requirements from TS 36.211, we can see that even if a PRACH starting subframe periodicity   is provided, it will only have impact on the subframes for starting PRACH transmission, but not the period of the PRACH starting subframes. In another word, does not impact on the maximum delay TIU  of the first available PRACH occasion in the target cell.

Observation 1: does not impact on the maximum delay TIU of the first available PRACH occasion.
From the above requirements from TS 36.211, we can also see that the period of the PRACH starting subframes will be determined by both the period of available PRACH subframes and the PRACH repetition. 


Observation 2: The maximum delay TIU of the first available PRACH occasion in the target cell will depend on two parameters: PRACH Configuration index and PRACH starting subframe periodicity  .



For example, assume we have PRACH Configuration index 0, i.e., PRACH subframes are available once every 2 radio frames, then the period of the PRACH starting subframe, or maximum delay TIU, will be 2* radio frames. As another example, if we have PRACH Configuration index 14, every subframes can be used as PRACH transmission. Then, the period of the PRACH starting subframe, or maximum delay TIU,   will be  subframes. Consider the range of  can be from 1 to 128, and the available PRACH subframes can be every subframe to once every 20 subframes, the maximum delay of the first available PRACH occasion will be in the range from 1 subframe to 2560 subframes.
Observation 3: The maximum delay of the first available PRACH occasion, TIU, can be from 1 subframe to 2560 subframes, depending on PRACH configuration.
Since TIU, can be from 1subframe to 2560 subframes, depending on PRACH configuration, it may not be meaningful to provide a fixed number, such as “TIU can be up to 2560 ms”. We would add the description, such as, replacing “TIU can be up to TBD ms” with the sentence something like “The maximum value of TIU can be determined as the product of the period of the available PRACH subframes, which is determined by PRACH configuration index, and the period of the PRACH repetitions in the PRACH configuration.”However, it does not provide more information than “The actual value of TIU shall depend upon the PRACH configuration.” Thus, out proposal is to follow CEModeA’s requirement without defining the exact value of the TIU.
Proposal 2: Remove the sentence “TIU can be up to TBD ms”, just as in the requirements for CEModeA.

The “TBD” in the known cell definition cell identification requirement
Another TBD is presented in the following statement:
“In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last TBD seconds. Otherwise, it is unknown. The time duration required for the cell identification is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.3.1 for a UE configured with CEModeB.”
It is obvious that the TBD in above statement should not be longer than the time duration required for the cell identification requirements, since if the TBD is longer than the time duration required for the cell identification requirements, it implies the UE does not meet the cell identification requirements. On the other hand, we may not define the TBD to be shorter than time duration required for the cell identification requirements, since the UE is not required to be able to identify an unknown cell with a shorter duration. That, the TBD has to be the same as the time duration required for the cell identification. Thus, our suggestion is still follow the requirements defined in CEModeA as follows:
Proposal 2: Replacing the sentence “In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last TBD seconds” with “In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement for a time duration equal or longer than the time duration required for the cell identification” as used in CEModeA’s requirement.

Summary
In this paper, we discussed the remaining TBDs for completing the eMTC intra-frequency handover requirements in CEModeB. It was proposed that
Proposal 1: Remove the sentence “TIU can be up to TBD ms”.

Proposal 2: Replacing the sentence “In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last TBD seconds” with “In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement for a time duration equal or longer than the time duration required for the cell identification”, the same way as used in CEModeA’s requirement.
 
A companion CR was prepared based on the discussion in this paper [4].
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