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On the EC-EGPRS Channel Request message content
[bookmark: _Ref396137062]Introduction
At GERAN#67 a new Work item on Extended Coverage GSM (EC-GSM) was approved [1] with the main objective to introduce Extended Coverage EGPRS (EC-EGPRS) into the GERAN specifications.
[bookmark: _Ref434595095]At GERAN#68 GP-151111 “Introduction of EC-EGPRS and PEO” [3] proposed an introduction of the EC-EGPRS Packet Channel Request message into 3GPP TS 44.018. It contains a DL Coverage Class (CC) two bit field, an EC-NumberOfBlocks four bit field and a single spare bit. This paper proposes an update to the EC-EGPRS Packet Channel Request message where the size of the EC-NumberOfBlocks field is decreased with one bit, which instead is merged with the DL CC field into a field that, in addition to the DL CC, also indicates the DL received signal level.  Furthermore, it is proposed to allow the use of the CC1 EC-RACH TSCs also on the RACH channel, in order to allow more or less a mirroring of the channel request content irrespective of the physical/logical channel used by the MS to access the network.
Background
The EC-EGPRS Packet Channel Request message for the EC-RACH proposed at GERAN#68 is shown in Table 1.  
	< EC-EGPRS Packet channel request message content > ::=
	< EC-NumberOfBlocks : bit (4)  >
	< EC-EGPRS Priority : bit (1) >
	< RandomBits : bit (3) >
	< DL Coverage Class : bit (2) >
	 < Spare : bit (1) >;


[bookmark: _Ref440963585]Table 1: EC-EGPRS Packet Channel Request message content [4] on EC-RACH.
As mentioned in the introduction the DL Coverage Class two bit field is intended to signal the DL CC assumed by the MS, based on its estimated DL signal strength and a set of CC thresholds broadcasted by the network over the EC-System Information (EC-SI) (see GP-160070 “CR 44.018-1026 rev 1 Introduction of System Information for EC-EGPRS” [5]). More specifically the CC thresholds will indicate to a MS which coverage class to use for UL transmissions, and which DL coverage class to recommend the network to use, provided a certain measurement by the MS on the cell it is camping on. 
For EC-EGPRS devices accessing on TS0 using the RACH channel the content was proposed as defined in Table 2.
	| < EC-EGPRS One Phase Access Request :	1001	
      < EC-NumberOfBlocks : bit (3)  >
	< EC-EGPRS Priority : bit (1) >
	  < RandomBits : bit (3) > >


[bookmark: _Ref442831490]Table 2: EGPRS Packet Channel Request message content [4] for EC-EGPRS access on RACH.
As, can be seen four bits are required to communicate to the BTS that the channel request is specific to EC-EGPRS MS accessing on TS0. Four bits (‘1000’) are also required by a PEO access attempt to distinguish between those access attempts, and the ones done by EC-EGPRS MSs. It can be noted that the EC-NumberOfBlocks field here already has the size of three bits and that the spare bit present in the channel request depicted in Table 1, is not present in Table 2.
Discussion
In GP-160030 “Alignment of Coverage Classes for EC-EGPRS” [6] envisioned thresholds for four coverage classes and the corresponding DL CC thresholds were presented, as depicted below. 


[bookmark: _Ref437528482]Figure 1: Coverage range for different CC on the DL [6].
It is expected that most devices, not uncommon with as many as 9 out of 10, will experience a CL below 149 dB and belong to CC1, and signal so in the EC-EGPRS Packet Channel Request message. So the usability of the new EC-EGPRS Packet Channel Request DL CC IE is expected to be limited to a small part of all devices in a network. 
If the EC-EGPRS Packet Channel Request message in addition to the DL CC could indicate the extent to which the received DL signal strength in the serving cell exceeds the broadcasted value for the CC1 to CC2 threshold, then this information could be used by the BSS to;
· Make a sophisticated assumption of the initial modulation and coding scheme (MCS) to be used in a DL TBF or assigned to an UL TBF via the EC-EGPRS Fixed Uplink Allocation IE [4]. Given the short TBF length expected for cellular IoT devices it will be important to make an accurate initial MCS selection to optimize spectral efficiency.
· Set initial DL power level (see PR_MODE and P0 IEs in [4]) and uplink power level (see GAMMA IE in [4]) on the assigned EC-PDTCH to a level optimizing throughput for the selected MCS to minimize interference levels in the EC-EGPRS network. Again the initial assumption is important due to the short TBFs expected.
· Support power regulation of the EC-AGCH when sending EC-Immediate Assignment after receiving an EC-RACH. This would allow for a safe down regulation of the EC-AGCH of up to 6 dB, when addressing devices in DL CC1. As mentioned for the EC-PDTCH this would reduce interference levels in the network which is especially important for EC-EGPRS with support for extended range operation.
Proposal
To facilitate signaling of received DL signal strength for devices in CC1 it is proposed to combine the EC-EGPRS Packet Channel Request DL CC IE with one of the bits from the EC-NumberOfBlocks field to create a 3 bit DL CC and Signal Strength IE. In addition to the DL CC it is proposed that this IE indicates the extent to which the received DL signal strength in the serving cell exceeds the broadcasted value for the CC1 to CC2 threshold. The code points in this IE is maximally utilized if made dependent on the number of CCs supported and signaled by the NW. Table 3, Table 4 and Table 5 illustrates the proposed definition for the DL CC and Signal Strength IE for networks signaling support for four, three or two CCs. 
Since a fixed uplink allocation, included in the initial assignment that is sent on the (EC-)AGCH, would typically not include more than 7 blocks, It is considered sufficient with 3 bits for the EC-NumberOfBlocks field. If more than 7 blocks need to be sent during the UL TBF, that can anyway be indicated using the Countdown Value.
EC-RACH
In the tables X corresponds to a power threshold to be used by the device to determine which CC1 code point it should use when indicating the extent to which the received DL signal strength in the serving cell exceeds the broadcasted value for the CC1 to CC2 threshold.
	Code point
	DL CC
	DL received power above the CC1/2 threshold

	000
	4
	-

	001
	3
	-

	010
	2
	-

	011
	1
	<X dB

	100
	1
	X – 2X dB

	101
	1
	2X – 3X dB

	110
	1
	3X – 4X dB

	111
	1
	≥4X dB


[bookmark: _Ref440973659]Table 3 DL CC and Signal Strength IE definition in case of four supported CCs.
	Code point
	DL CC
	DL received power above the CC1/2 threshold

	000
	4
	-

	001
	2 or 3
	-

	010
	1
	<X dB 

	011
	1
	X – 2X dB

	100
	1
	2X – 3X dB

	101
	1
	3X – 4X dB

	110
	1
	4X – 5X dB

	111
	1
	≥5X dB


[bookmark: _Ref440973661]Table 4 DL CC and Signal Strength IE definition in case of three supported CCs.
	[bookmark: _GoBack]Code point
	DL CC
	DL received power above the CC1/2 threshold

	000
	4
	-

	001
	1
	<X dB 

	010
	1
	X – 2X dB

	011
	1
	2X – 3X dB

	100
	1
	3X – 4X dB

	101
	1
	4X – 5X dB

	110
	1
	5X – 6X dB

	111
	1
	≥6X dB


[bookmark: _Ref440973662]Table 5 DL CC and Signal Strength IE definition in case of two supported CCs.
Since the characteristics, or statistics, of the received signal strength is expected to be varying between as well as within networks it is believed to be motivated to signal the power margin X in the EC-SI message so that NW vendors may optimize the above signaling in accordance to actual NW conditions. As a consequence a new IE named DL Signal Strength Margin IE intended to carry the value X has been added to the EC system information messages in GP-160070 “CR 44.018-1026 rev 2 Introduction of System Information for EC-EGPRS” [5].
The updated EC-EGPRS Packet Channel Request message containing the 3 bit DL CC and Signal Strength IE has been captured in GP-160071, “CR 44.018-1025 rev 1 Introduction of EC-EGPRS” [4], and is also shown in Table 6.

	< EC-EGPRS Packet channel request message content > ::=
	< EC-NumberOfBlocks : bit (3)  >
	< EC-EGPRS Priority : bit (1) >
	< RandomBits : bit (3) >
	< DL Coverage Class and Signal Strength: bit (3) >
	< Spare : bit (1) >;


[bookmark: _Ref442832344]Table 6: Updated EC-EGPRS Packet Channel Request message content on EC-RACH.

RACH
In order to be able to provide similar information to the network irrespective of the MS accessing on the EC-RACH or the RACH, it is proposed to also make use of the new defined TSCs on RACH (and not only on EC-RACH as earlier have been assumed). This will provide the BTS with a means to distinguish EC-EGPRS specific accesses (they will use the same two TSCs used on EC-RACH to communicate the support of either GMSK, or, GMSK and 8PSK modulation) and non-EC-EGPRS accesses (legacy or PEO).
The information in Table 2 can hence be re-defined to what is shown in 7.
	< EC-EGPRS Packet channel request message content > ::=
	< EC-NumberOfBlocks : bit (3)  >
	< EC-EGPRS Priority : bit (1) >
	< RandomBits : bit (3) >
	< Signal Strength: bit (3) >
    < Spare bit (1) >


[bookmark: _Ref442832685]Table 7: Updated EC-EGPRS Packet Channel Request message content on RACH.
It can be noted that since a MS is only allowed to access on RACH if both the DL and UL coverage class is 1, there is no need to indicate any other coverage class than CC1 in the DL Coverage Class and Signal Strength IE, and hence, this can be reduced to a Signal Strength IE, and can be coded as shown in Table 8.
	Code point
	DL received power above the CC1/2 threshold

	000
	<X dB

	001
	X – 2X dB

	010
	2X – 3X dB

	011
	3X – 4X dB

	100
	4X – 5X dB

	101
	5X – 6X dB

	110
	6X – 7X dB

	111
	≥7X dB


[bookmark: _Ref442833007]Table 8: Signal strength IE on RACH.
The implication to the BTS when making use of the two new defined TSCs also on the RACH is the detection between up to 5 TSCs on TS0 (the same amount of TSCs used on TS1).
The performance impact has been evaluated with a legacy BTS receiver comparing TSC detection between 3 (as used today) and 5 as used with the proposal above. As can be seen from Figure 2, the performance impact is negligible.
[image: ]
[bookmark: _Ref442833209]Figure 2: Performance impact on BTS RACH TSC detection
One benefit worth noting by allowing new TSCs on the RACH is also that one spare bit is released to PEO (earlier used for identifying a PEO or EC-EGPRS access). Hence, both for PEO, EC-EGPRS on EC-RACH, and EC-EGPRS on RACH channel requests, 1 spare bit is available for future use.
Specification impact
The impact to the specifications from the above proposal is shown in Table 9.
[bookmark: _Ref442833538]Table 9: Specification impact
	Spec.
	Impact
	Related CR to 
GERAN#69

	45.002
	Definition on TSC usage
	GP-160048

	44.018
	Assignment of TSC usage, and content of EC-EGPRS CHANNEL_REQUEST
	GP-160071

	44.018
	Introduction of a new DL Signal Strength Margin IE
	GP-160070

	44.060
	Conversion from channel request discriminator between PEO and EC-EGPRS, to spare bit
	GP-160064



Conclusions
In this contribution an update of the EC-EGPRS Packet Channel Request message is proposed. It is suggested that the DL CC IE is merged with one of the bits from the EC-NumberOfBlocks field to create a three bit DL CC and Signal Strength IE that will signal the estimated DL CC as well as indicate the extent to which the received DL signal strength in the serving cell exceeds the broadcasted value for the CC1 to CC2 threshold. It is believed that this proposal is justified by possible optimizations in initial MCS and power level selection for the EC-PDTCH and EC-AGCH. Furthermore, the same functionality can be introduced for the AGCH if the new TSCs defined for EC-RACH is also allowed for CC1 devices accessing on the RACH channel. The performance impact from increased TSC detection for the BTS has been seen to be negligible, and the use of the number of TSCs on TS0 and TS1 (5 TSCs) will be aligned with the proposal.
The proposals made in this contribution are intended to be incorporated in update to CRs to 3GPP TS 44.018, TS 45.002 and TS 44.060 found in [4], [5], [7],[8]. 
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