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Segmentation of Handover command and Assignment command
1 Introduction

Concerns about handover and assignment performance when multiple segments are needed for sending of one handover or assignment command have been described in ‎[1]. A handover command that is sent in multiple segments requires that the MS sends an acknowledgement before the next segment can be delivered by BSS. This requires that the uplink quality is good enough to convey the acknowledgement. In ‎[1] it was suggested to enhance the LAPDm protocol to remove the uplink dependency. In this document the different traffic cases, where handover and assignment command are used, are analyzed in order to get a better understanding of how common it is with segmentation of these messages. A discussion about different improvements is also included at the end of the document.

No live measurements have been presented, yet, that shows that this is a problem, but with the deployment of SAIC and MSRD capable MSs in the networks it is expected that this problem will increase.
2 Handover and Assignment commands in AMR Networks
In order to understand how common it is with a segmented handover/assignment command, the different traffic cases (TCs) when these messages are used have been investigated in this section. The different TCs are investigated for a frequency hopping AMR network, as the size of the messages is largest in these networks. In Figure 1 all the TCs are illustrated that generate either a handover command or an assignment command.
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Figure 1: Different handover/assignment traffic cases (TCs) in an AMR network.

In this document it is assumed that an Assignment command is generated for TC 1 to 3 in Figure 1 while a Handover command is generated for TC 4 and 5. 

The maximum length of an Assignment command and Handover command before it is segmented by the data link layer is 20 octets. Whether or not an Assignment command and Handover command will exceed this length in a frequency hopping AMR network is dependent on the following:

· Frequency allocation: The number of frequencies and the frequency span of the allocated frequencies will have impact on the message size, see section ‎2.3.

· Traffic case: Different traffic cases require different amount of information. All TCs are shown in Figure 1.

The content of the Assignment command and Handover command can be divided into three parts, see Table 1.
Table 1: Length of the different parts of Assignment command and Handover command

	
	Length (octets)

	
	Assignment command
	Handover command2

	Mandatory parameters
	6
	9

	Multi-rate configuration parameters1
	4-8
	4-8

	Frequency Hopping parameters
	3-131
	4-131



1These parameters are only included at call set-up (traffic case 1) or if the multi-rate configuration is changed (TC 3 and 5). 

2 Non-synchronized handover is assumed i.e. the Synchronization Indication IE is not included. 

2.1 Mandatory IEs
The mandatory parameters are the IEs that have an M in the presence field in the message description in 44.018 ‎[2].

2.2 Multi-rate configuration IE
The length of the Multi-rate configuration parameters is dependent on the number of codec modes in the allocated codec set, see Table 2.

Table 2: Length of Multi-rate configuration IE

	# of codec modes in codec set
	Length (octets)

	1
	4

	2
	6

	3
	7

	4
	8


It is assumed in this document that the number of codec modes in the codec set is four and the length of this IE is therefore eight.

2.3 Frequency hopping parameters

In Table 3 each traffic case and the length of the corresponding message are shown, with the frequency hopping parameters excluded.

Table 3: Length of each message per traffic case

	Traffic case
	Length without frequency hopping parameters (octets)
	# of octets left for the frequency hopping parameters (without segmentation)

	1
	14
	6

	2
	6
	14

	3
	14
	6

	4
	9
	11

	5
	17
	3


The number of octets that can be used for the frequency parameters before a message needs to be segmented varies between three and 14, and depends on the TC. The number of frequencies that can be described with a certain number of octets depends on the implemented IEs and implemented encodings for these. The frequency parameters are described in more detail in section ‎2.3.
The standard states that one of the IEs listed below shall be present at frequency hopping:
· Frequency Channel Sequence (10 octets)

· Frequency list (4-131 octets)

· Frequency Short List (10 octets)

· Mobile Allocation (3-10 octets)

Each of the possible IEs has certain restrictions on when and how they may be used. E.g., the Frequency Channel Sequence IE can be used only if all frequencies are in the P-GSM band, while if the Mobile Allocation IE is present, the 17 octet Cell Channel Description IE shall also be present if the mobile has not received a reference cell frequency list. The Frequency Short List IE can provide one extra octet for frequency allocation if the total number of octets left for the frequency list is below eleven octets. In this document it is assumed that Mobile allocation is used at call setup and that Frequency list is used at all other TCs.

2.3.1 TC 1 with Mobile Allocation IE
In Table 3 it can be seen that there are six octets left for the frequency parameters for this TC before segmentation will occur. If the Mobile Allocation IE is used for this TC it is possible to allocate up to 32 frequencies in the mobile hopping sequence set with six octets. The probability for segmentation at call setup is therefore seen as low.

2.3.2 TC 2-5 with Frequency list IE
The number of frequencies that can be allocated with the IE Frequency list is dependent on the frequency range of the allocated frequencies, see Table 4.

Table 4: Number of frequencies in the IE frequency list for different encodings and number of octets
	Length
(octets)
	Bit map  01
	Range

1024
	Range 512
	Range 256
	Range 128
	Variable bit map2

	5 
	-
	1
	1
	1
	1
	8

	6 
	-
	2
	2
	3
	3
	16

	7 
	-
	3
	3
	4
	4
	24

	8 
	-
	4
	4
	5
	6
	32

	9 
	-
	5
	6
	6
	8
	40

	10
	-
	6
	7
	8
	10
	48

	11
	-
	7
	8
	9
	12
	56

	12
	-
	9
	9
	11
	14
	64

	13
	-
	10
	11
	13
	16
	72

	14
	-
	11
	12
	14
	18
	80

	15
	-
	12
	13
	16
	21
	88

	16
	-
	13
	15
	18
	24
	96

	17
	-
	14
	16
	20
	26
	104

	18
	124
	16
	18
	22
	29
	112

	19
	
	17
	19
	24
	32
	120

	20
	
	18
	21
	26
	36
	128

	21
	
	20
	23
	28
	40
	136

	22
	
	21
	24
	30
	44
	144

	23
	
	22
	26
	32
	48
	152


1Bit map 0 is only used for P-GSM 900. This encoding format will always cause segmentation when used.

2It is the maximum number of the consecutive frequencies that are stated, or the maximum sepa-ration between the highest and lowest ARFCN.
All possible encoding formats of the frequency list are included in Table 4, but it is estimated that it should be possible to cover the vast majority of the networks with the range 256 format. This format is therefore used as a worst case scenario in this document and the variable bit map is used as a best case scenario. In Table 5 the maximum number of frequencies is shown for each TC and for both scenarios.
Table 5: Number of frequencies that can be allocated before segmentation
	TC
	# of octets left for frequency list
	Best case 

(Var.bit map)
	Worst case 

(Range 256)

	2
	14
	80
	14

	3
	6
	16 (or 24) 1
	3 (or 4) 1

	4
	11
	56
	9

	5
	3
	-
	-


1The figure within the parentheses is for Frequency Short List IE.
There is always a segmentation of handover command for TC 5, and TC 3 will probably also give segmented handovers in a lot of networks. The number of networks that will have a segmented handover for TC 4 should be rather few and TC 2 is estimated to more or less never give a segmented handover command.
When segmentation is necessary, two segments are likely sufficient. Two segments can convey a message of 40 octets, of which at least 23 (TC 5) can be used for the frequency list. This allows 32 frequencies to be used with a range 256 bitmap or 152 frequencies with a variable bitmap (see Table 4).
2.4 Summary
In Table 6 the “probability for segmentation” (see section ‎2.3) is summarised for the different traffic cases.
Table 6: Summary of TCs evaluation from section 2
	Traffic case
	Description
	Probability for segmentation

	1
	Call setup
	Low

	2
	Intra-cell HO without codec mode set change
	Low

	3
	Intra-cell HO with codec mode set change
	High 

	4
	Inter-cell HO without codec mode set change
	Low/moderate

	5
	Inter-cell HO with codec mode set change
	High


3 Improvements
Two improvements are suggested:

1. Reducing the message size of the assignment/handover command, thereby reducing the need for segmentation and acknowledgements on layer 2. In ‎[3] it was suggested to make the frequency allocation parameters optional. As a majority of the intra-cell handovers do not change these parameters it is suggested that this enhancement is considered for both handover command and assignment command. 

2. Enhancements of the retransmission protocol on layer 2 (LAPDm). A solution to enhance the performance on layer 2 at segmentation of handover command is presented in ‎[1]. In ‎[4] an alternative to this solution is presented.

The first enhancement will decrease the number of handover and assignment commands that needs to be segmented and is therefore the preferred solution. However, the first enhancement will probably not give any gain for TC4 in a network that has not implemented a tight frequency reuse and it is therefore suggested to also consider the second enhancement for implementation.
4 Conclusion

In a network deploying AMR, the inclusion of both the Multi-rate configuration and the frequency parameters in the Handover command will often require that the message be segmented on layer 2. In scenarios with good link quality in the downlink but bad quality in the uplink direction (e.g., when Repeated Downlink FACCH is used), this may delay or even prohibit a handover, possibly with a dropped call as consequence. To solve this problem, two improvements are suggested:
1. Make the inclusion of the frequency parameters optional in the Handover/Assignment command (see ‎[3]).

2. Enhance the LAPDm protocol by allowing a transmit window size of two in some cases (see ‎[4]).
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