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Alternative Mappings for Higher Coverage classes with 2 PDCHs – EC-RACH message formats
1. Introduction
A new work item on Radio Interface Enhancements for EC-GSM-IoT [1] was approved for Rel-14 at RAN#73.
One of the work item objectives is the definition of alternative mappings of blind physical layer transmissions for packet data traffic channels in extended coverage assigned to a higher coverage class. With the alternative mappings, it should be possible to support higher coverage classes with 2 consecutive PDCH resource allocation.

This feature requires some changes to EC-RACH message formats to include additional information in order to enable the BSS to decide on whether it is possible to assign alternative mappings to the MS or not.

In this paper, the required modifications to EC-RACH messages for the proposed alternative coverage class mappings [2] are discussed.

2. EC-RACH message formats for Rel-13

Table 1 provides the EC-RACH message contents depending on the training sequence used, as specified in TS 44.018.

Table 1: EC-RACH message contents for Rel-13.

	TS
	Bit 1
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	Bit 6
	Bit 7
	Bit 8
	Bit 9
	Bit 10
	Bit 11

	3 (CC1)
	< EC PACKET CHANNEL REQUEST message content > :: =
 < EC-NumberOfBlocks : bit (3)  >

< EC Priority : bit (1) >

< RandomBits : bit (3) >

< Selected DL Coverage Class : bit (3) > ;
	EGPRS Capability

	5,6,7 (CC2)
	< EC PACKET CHANNEL REQUEST message content > :: =

< EC-NumberOfBlocks : bit (3)  >

< EC Priority : bit (1) >
< RandomBits : bit (3) >

< Selected DL Coverage Class : bit (3) > ;
	0

	5,6,7

(CC2)
	Spare (10)
	1


3. EC-RACH message format modifications for alternative CC mappings
For the alternative coverage class mapping functionality, the EC-RACH message should inform whether MS supports extended coverage using 2 PDCH resources or not as discussed in [2]. Based on this MS capability indication, the BSS decides the resource allocation for the DL/UL TBF establishment.

For new messages, required for Rel-14, using higher coverage class training sequences, the 11th bit of the EC-RACH message should be set to 1 to allow new EC-RACH messages of 10 bit size to be defined as shown in Table 1.

The Positioning Enhancement Rel-14 feature also requires new RACH/EC-RACH messages as part of the signalling procedure for TA Multilateration. Thus the interpretation of the 11 bits in the EC-RACH message for MS in a higher coverage class is proposed to be following the message contents in Table 2.

Table 2: EC-RACH message contents for Rel-14 MS with UL CC being a higher CC.
	TS
	Bit 1
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	Bit 6
	Bit 7
	Bit 8
	Bit 9
	Bit 10
	Bit 11

	5,6,7 (CC2)
	< EC PACKET CHANNEL REQUEST TYPE 2 message content > :: =

< EC-NumberOfBlocks : bit (3)  >

< EC Priority : bit (1) >
< RandomBits : bit (3) >

< Selected DL Coverage Class : bit (2) > ;
	0
	1 

(Rel-14)

	5,6,7 (CC2)
	< EC POSITION ACCESS REQUEST message content > :: =

< Spare : bit (9)  >
	1
	1 

(Rel-14)


The new message EC PACKET CHANNEL REQUEST TYPE 2 should be sent by the Rel-14 MS capable of 2 PDCH allocation capability when it selects uplink coverage class higher than CC1 for sending the channel request. In this message DL coverage class parameter is reduced to 2 bits as RXLEV information is not deemed required when MS uplink coverage class is higher than CC1 as depicted below. 

The RXLEV information might be useful if the selected DL coverage class is CC1. But when uplink coverage class is higher than CC1, this info only optimises the DL resource utilisation for TBF establishment which may not have significant benefits. In order to define the message size to fit into available 9 bits, the DL CC information is reduced by 1 bit.

For a Rel-14 MS not supporting 2 PDCH allocation, it shall use the Rel-13 EC-RACH message, i.e. the EC PACKET CHANNEL REQUEST message.  

We propose following working assumption on the introduction of a new EC-RACH message type.

WA 1: New EC PACKET CHANNEL REQUEST TYPE 2 is defined to be used by the MS supporting 2 PDCH allocation for higher coverage classes, when accessing the cell in a higher UL CC, with DL CC information only representing the coverage class information.
In the following the impact to a MS in the lower coverage class (CC1) is considered. 

When MS selects UL coverage class as CC1 while sending channel request, two possibilities exist depending on the selected DL coverage class.

· Case 1: if the selected downlink coverage class is CC1, MS needs not include the additional capability in the EC-RACH message.

· Case 2: if the selected downlink coverage class is higher than CC1, the MS needs to inform the BSS about the capability of 2 PDCH CC mapping in the EC-RACH message.

For case 1, the MS sends EC PACKET CHANNEL REQUEST using TS3 as similar to Rel-13 MS. The MS capability of 2 PDCH CC mapping needs to be informed in the uplink RLC blocks or EC-PACCH messages [2]. Based on this later sent information the BSS can decide the coverage class mapping to be used whenever it decides to change the downlink and/or uplink coverage class. In addition EC-PACCH coverage class adaptation for retransmissions may be decided based on the additional information in the uplink messages.

We propose following working assumption to cover case 1.

WA 2: MS capable of 2 PDCH coverage class mapping should use the Rel-13 EC PACKET CHANNEL REQUEST message when both the selected UL and DL coverage classes are equal to CC1. In this case first uplink RLC packets and uplink EC-PACCH message should include the MS capability information for 2PDCH CC mapping support so that the BSS is enabled to decide the coverage class mapping to be used when coverage class adaptation is required.

For case 2, the MS shall send EC PACKET CHANNEL REQUEST TYPE 2 using TS4 as depicted in Table 3.

Table 3: EC-RACH message contents for Rel-14 MS with UL CC being CC1.

	TS
	Bit 1
	Bit 2
	Bit 3
	Bit 4
	Bit 5
	Bit 6
	Bit 7
	Bit 8
	Bit 9
	Bit 10
	Bit 11

	4 (CC1)
	< EC PACKET CHANNEL REQUEST TYPE 2 message content > :: =

< EC-NumberOfBlocks : bit (3)  >

< EC Priority : bit (1) >
< RandomBits : bit (3) >

< Selected DL Coverage Class : bit (2) > ;
	0
	EGPRS

Cap

	4 (CC1)
	< EC PACKET CHANNEL REQUEST TYPE 2 message content > :: =

< Spare : bit (9)  >
	1
	0

	4 (CC1)
	< Spare : bit (9)  >
	1
	1


We propose following working assumption to cover case 2.

WA 3: MS capable of 2 PDCH coverage class mapping should send EC PACKET CHANNEL REQUEST TYPE 2 using TS4 when it selects DL CC higher than CC1 with UL CC as CC1. The BSS identifies the MS capable to 2 PDCH when it receives the new message on TS4.

All working assumptions are summarised in Table 4 for the different combinations of selected coverage classes.

Table 4: Use of EC Packet Channel Request message type for a Rel-14 MS supporting 2 PDCH allocation for higher CCs depending on its DL CC and UL CC.
	1. UL CC
	1. DL CC
	EC-RACH message

	1. >CC1
	2. >CC1
	1. EC PACKET CHANNEL REQUEST TYPE 2 using TS 5-7 on TN1 (EC-RACH).

	1. >CC1
	3. CC1
	2. EC PACKET CHANNEL REQUEST TYPE 2 using TS 5-7 on TN1 (EC-RACH).

	1. CC1
	4. CC1

5. 
	3. EC-PACKET CHANNEL REQUEST using TS3 (Rel-13) on TN1 (EC-RACH) or TN0 (RACH), the latter if enabled per EC-SCH content. (Note 1)

	1. CC1
	6. >CC1
	4. EC PACKET CHANNEL REQUEST TYPE 2 using TS4 on TN1 (EC-RACH).


Note 1: When the MS capable of 2 PDCH allocation sends Rel-13 EC PACKET CHANNEL REQUEST, the base station does not know the capability of the MS. But chances of MS assigning higher coverage class are rather unlikely, hence the BSS assigns CC1 for EC TBF and the MS can inform the capability via RLC/MAC header [2]. This information may be used for subsequent coverage class adaptation.

4. Conclusion

New message formats to be used on EC-RACH in order to indicate the support for 2 PDCH coverage class mappings are proposed in this contribution. The conditions for the MS capable of 2 PDCH CC mapping to use the new message formats are also described.  

The sourcing company proposes to agree on the three working assumptions above as basis for changing relevant Rel-14 specifications in order to introduce alternative CC mappings.
References

[1]  
RP-161806, “New WID on Radio Interface Enhancements to EC-GSM-IoT”, source Nokia et al., RAN#73

[2] 
R6-160186, “Alternative Mappings for Higher Coverage Classes with 2 PDCHs – Concept Overview”, source Nokia, RAN6#2
	
	
	1 / 4


	
	
	

	3GPP TSG RAN WG6 #2
	R6-160187
	4 / 4



