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Comments on IPA
1. Introduction

GERAN2 agreed on principle of Immediate Packet Assignment (IPA) and on IPA specification in Release 11 at the GERAN#52 [1]. The one phase access procedure using the immediate packet assignment implies that the signalling of individual multislot classes is not possible and instead a lower multislot class must be signalled.  This document analyses this problem and suggests few modifications.
2. Multislot Class Signaling During One Phase Access
2.1 Analysis of IPA
When accessing the network using the one phase access procedure, the mobile station supporting IPA cannot signal its exact multislot class but it has to select multislot class 8, 12, or 33 [2]. This means that any multislot class not complying with requirements for multislot class 12 or 33 has to signal multislot class 8. This implies that multislot classes supporting 2 or 3 uplink timeslots will not be assigned more than 1 uplink timeslot until the network receives the exact multislot class in the PACKET RESOURCE REQUEST message.
The network can request the mobile station to transmit its radio access capabilities in the PACKET UPLINK ASSIGNMENT or IMMEDIATE ASSIGNMENT messages. The mobile station responds to this request by transmission of the PACKET RESOURCE REQUEST message and optionally the ADDITIONAL MS RADIO ACCESS CAPABILITIES message. If the network does not receive the response, it may request the retransmission of the MS radio access capabilities by setting the ARAC RETRANSMISSION REQUEST bit in the PACKET UPLINK ACK/NACK message. 

The Access Technologies Request structure is not included in the IPA message in order to save space for addressing up to 3 mobile stations with a single message instance. In this case, the network can request the mobile station to transmit its radio access capabilities in the PACKET UPLINK ASSIGNMENT message during reconfiguration of the uplink TBF. Figure 1 shows the one phase access using IPA when the uplink TBF is immediately reconfigured from one timeslot assignment to higher number of timeslots. The PACKET UPLINK ASSIGNMENT message also carries the request to the mobile station to transmit the radio access capability (RAC). The minimum polling delays and reaction times are assumed on the figure. The mobile station should be ready to receive on the new assigned resources in 10 blocks following the one when the BSC transmitted the IMMEDIATE PACKET ASSIGNMENT message. It should be noted that at that time the contention resolution is not complete yet. The mobile station transmits TLLI in the PACKET RESOURCE REQUEST message and includes TLLI in all UL data blocks until the PACKET UPLINK ACK/NACK with matching TLLI is received. The PACKET RESOURCE REQUEST message, the ADDITIONAL MS RAC message and the uplink data can be transmitted within the same block period if the UL TBF is assigned 3 uplink timeslots. These messages are drawn in consecutive block periods just for the legibility of the figure. The contention resolution is complete at the mobile station side when the PACKET UPLINK ACK/NACK message is received i.e. 15 blocks periods after the transmission of IPA from BSC. 
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Figure 1 - One Phase Access using IPA with reconfiguration
 according to the multislot class signalled
 in the channel request message
The proposed signalling of multislot class in one phase access using IPA allows only for signalling multislot classes 8, 12 and 33. This means that all multislot classes which support 2 or 3 uplink timeslots will have to signal multislot class 8. In other words, these multislot classes are downgraded until the network receives the mobile station radio access capability. This situation is illustrated on the following figure. The first PACKET UPLINK ASSIGNMENT is used only to request the mobile station’s radio access capabilities but the uplink TBF is still assigned only 1 TS. The mobile station is ready to receive USF in block 10. It responds by transmission of the PACKET RESOURCE REQUEST message including its radio access capabilities. This message may be followed by the ADDITIONAL MS RAC if the information does not fit in the PACKET RESOURCE REQUEST message. The network may still schedule the uplink TBF which gives an opportunity to transmit 3 or 4 data blocks in the uplink, depending whether the ADDITIONAL MS RAC message is sent or not. Upon reception of the PACKET RESOURCE REQUEST message, the network can transmit the second PACKET UPLINK ASSIGNMENT message which will reconfigure the uplink TBF according to the exact multislot class of the mobile station. This message can also be used for contention resolution as shown on the figure. The reconfiguration is not complete until the 20th block after the BSC sent the IMMEDIATE PACKET ASSIGNMENT message. As can be seen from Figure 1 and Figure 2, mobile stations of multislot classes capable of 2 or 3 uplink timeslots, Table 1, suffer either in throughput (1 UL timeslot only) or from reconfiguration delay.
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Figure 2 - One Phase access using IPA with
two reconfigurations because of multislot class downgrade
For completeness of the analysis, the two phase access using IPA is shown on Figure 3. Using the two phase access with IPA, the mobile station is ready to receive USF on the newly assigned resources in the 14th block after the BSC sent the IMMEDIATE PACKET ASSIGNMENT message. This is 6 blocks sooner than in the case of one phase access on Figure 2. If we assume that the mobile station is capable of assignment with 3 uplink timeslots then even the transmission of up to 4 data blocks cannot compensate the downgrade of the multislot class in IPA signalling. 
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Figure 3 - Two Phase Access using IPA
The multislot classes which are impacted by the degradation of signalled multislot class are the ones which support two or three uplink time slots. The multislot classes supporting two or three uplink timeslots should clearly prefer to request the two phase access procedure when accessing IPA capable network. The summary of multislot classes is given in Table 1.
Table 1 - Multislot classes by TX

	TX
	Multislot Class

	1
	1,2,4, 8, 30, 35, 40

	2
	3, 5, 6, 9, 10, 31, 36, 41, (19, 24)

	3
	7, 11, 32, 37, 42, (20, 25)

	4
	12, 33, 38, 43, (21, 22, 26, 27)

	4+
	34, 39, 44, 45, (23, 28, 29)


2.2 Possible improvements

2.2.1 Request of MS radio access capabilities for BCCH carrier in IPA

The first thing worth considering is to eliminate the need of sending the PACKET UPLINK ASSIGNMENT message when the network wants to request the MS radio access capability. The limited space of IPA does not allow for inclusion of Access Technologies Request. We can assume that the most important information at the time of TBF establishment is the MS capabilities for the serving band. Therefore, the IPA message could include a single bit either for all addressed mobile stations or a single bit for each assigned UL TBF to indicate to the mobile station that the network is requesting the transmission of radio access capabilities for the BCCH frequency band. It should be noted that the mobile station may provide information on the TBF “size” in the RLC_OCTET_COUNT parameter. The network may utilize this information when deciding whether or not the TBF should be reconfigured and if so, when. This access procedure can be seen on Figure 4. It takes significantly less time for the network to reconfigure the TBF if the radio access capabilities can be requested in IPA. The comparison should be done against Figure 2.
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Figure 4 - One Phase Access using IPA with RAC request
The size of IPA rest octets allows for the inclusion of a single bit per each assigned TBF. Assuming the message structure as shown in Table 1, the size of IPA rest octets for assignment of three uplink TBFs on BCCH carrier is 138 bits.
Table 2 - Structure of IPA with RAC request and TSC

	<PIA Rest Octets> ::=


{ 0 | 1
< Packet Uplink Assignment Extent >}


{ 0 | 1
< Packet Downlink Assignment Extent >}


{ 0 | 1
< Packet Single Block Uplink Assignment Extent >}


<spare padding>;

<Packet Uplink Assignment Extent> : :=


{ 1
< Random Reference : bit (11) >



< FN_OFFSET: bit (8) >


< GAMMA : bit (5) >



< TIMING_ADVANCE_VALUE : bit (6) >



< TFI_ASSIGNMENT : bit (5) >


< USF: bit (3) > 


< EGPRS_CHANNEL_CODING_COMMAND : bit (4) >


< Radio Access Capabilities Request: bit (1) >

} ** 0;



--Repeated as many times as necessary, once for each addressed device
 
< TN : bit (3) >

{ 0




--'0' indicates that BCCH frequency shall be used

| 1
< Frequency Parameters: Frequency Parameters struct >

}

	


2.2.2 Signalling of uplink timeslot instead of multislot class

The IPA CR to 44.060 proposes to signal multislot classes 8, 12, and 33 during the one phase access procedure. The multislot classes 12 and 33 are both capable of assignments with 4 uplink timeslots. The difference between these two classes is that multislot classes 12 and 33 shall apply Tta and Tra respectively in this configuration. The mobile station of multislot class 33 can read USF on the second timeslots because it shall apply Tra and Ttb, which is equal to one timeslot for this multislot class.
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Figure 5 - Applicability of Tta and Tra with 4 UL timeslots
It seems feasible to group the multislot classes 12 and 33 for the purpose of multislot class signalling using IPA despite the difference between these multislot classes described above. If a single code point is used during one phase access using IPA, then the network can reconfigure the assigned TBF to a new uplink TBF with four uplink timeslots as shown on Figure 1. The mobile station shall apply Tta or Tra according to its actual multislot class 12, 33, 34, 43, 44, or 45, as specified in 45.002. The network has to assume the request is sent by multislot class 12. However, the network can request the radio access capabilities as discussed in section 2.2.1. When the network receives the radio access capabilities, it can treat the mobile station according to its actual multislot class, i.e. the network knows if the mobile station applies Tta or Tra.
Table 3 - Group of multislot classes signalling
 multislot class 12 using IPA
	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	

	12
	4
	4
	5
	2
	1
	2
	1
	1

	33
	5
	4
	6
	2
	1
	1
	1
	1

	34
	5
	5
	6
	2
	1
	1
	1
	1

	43
	6
	4
	7
	1
	1
	1
	to
	1

	44
	6
	5
	7
	1
	1
	1
	to
	1

	45
	6
	6
	7
	1
	1
	1
	to
	1


The problem occurs with multislot classes 38 and 39 which Tra requirement is 1+to. The network provides the 31 symbol periods (to) by a minimum TA value. Instead of changing the operation of these classes with IPA or requiring the network to always account for minimum TA value, it seems easier to downgrade them to signal support of three uplink slots and group it with other multislot classes which support up to three uplink slots, see Table 3. Multislot class 7 cannot be included in this group because its Tra is 3 slots. The inclusion of multislot class 7 in the group would cause the network to account for Tra of 3 slots which clearly degrades the other classes.
Table 4 - Group of multislot classes signalling
multislot class 11 using IPA
	Multislot class
	Maximum number of slots
	Minimum number of slots
	Type

	
	Rx
	Tx
	Sum
	Tta
	Ttb
	Tra
	Trb
	

	11
	4
	3
	5
	3
	1
	2
	1
	1

	32
	5
	3
	6
	2
	1
	1
	1
	1

	37
	5
	3
	6
	2
	1
	1+to
	1
	1

	38
	5
	4
	6
	2
	1
	1+to
	1
	1

	39
	5
	5
	6
	2
	1
	1+to
	1
	1

	42
	6
	3
	7
	1
	1
	1
	to
	1


The assignment of 3 uplink timeslot requires the use of extended dynamic allocation. The mobile stations shall apply Ttb and Tra as specified in 45.002. As can be seen from Figure 6, all the multislot classes signalling multislot class 11 during one phase access using IPA have no problems with switching times when 3 timeslots are assigned in the uplink. It should be noted that all multislot classes in this group have minimum requirement on Ttb equal to 1. This means that the network does not need to change USF transmission after the actual multislot class is known.
[image: image6.emf]T

t

b

T

r

a


Figure 6 - Minimum Ttb and Tra requirements for
 3 UL timeslot assignment
2.3 Channel Coding for TLLI blocks

The packet uplink assignment struct in IPA proposed in [3] includes the EGPRS_CHANNEL_CODING_COMMAND field while at the same time mandating the use of MCS-1 for TLLI blocks. The network can provide the EGPRS_CHANNEL_CODING_COMMAND in the PACKET UPLINK ACK/NACK message or the PACKET UPLINK ASSIGNMENT message during the completion of contention resolution. However, the use of MCS-1 is not the best solution if we assume that radio quality would allow for the use of higher coding scheme in most cases (even if the link quality is unlikely known at random acces). The problem with using always MCS-1 is that the TBFs established using the IMMEDIATE PACKET ASSIGNMENT message will suffer from the “slow start”, i.e. low data throughput during the contention resolution phase. The effect of “slow start” would be noticeable especially when small amounts of data are transmitted. 
3. Conclusions
We analysed the Immediate Packet Assignment message and the access procedures using this message. Based on the analysis we recommend
· to modify the multislot class signalling during one phase access as suggested in this document;

· to include Radio Access Capabilities bit in the Packet Uplink Assignment Extended branch of the message; and

· to remove the restriction on MCS used during the contention resolution and instead to use the EGPRS_CHANNEL_CODING_SCHEME field for signalling of MCS which shall be used by MS during the contention resolutions.
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