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introduction
The new WI on radio interface enhancements for EC-GSM-IoT for Rel-14 was approved in [1]. One of the objectives is to improve uplink coverage performance for low power devices (23 dBm) by minimum 3 dB with the delay and throughput performance of the device meeting the target values specified for the CIoT-LC system.

In this contribution, changes required to uplink logical channels including impacts to RLC/MAC headers and signalling messages are captured.
[bookmark: _GoBack]This is update of R6-160175 on the same topic. Working assumptions are added in this version for agreement.
design overview 
Link level performance of uplink logical channels can be improved by increasing the number of blind physical layer transmissions. At lower SINR levels, increased number of blind physical layer transmissions may not provide the corresponding improvement in link level performance, hence additional mechanisms are required to achieve better link level performance.
For uplink dedicated channels (EC-PDTCH and EC-PACCH), increasing the number of bits available for channel estimation is proposed along with an increased number of blind physical layer transmissions. To this purpose, header contents of EC-PDTCH and EC-PACCH message contents and sizes are revisited.
For uplink common control channel (EC-RACH) additional gain achievable by an increased number in blind physical layer transmissions is observed to be lesser compared to dedicated channels. Moreover the EC-GSM-IoT uplink coverage performance is observed to be limited by the EC-RACH performance. 
Two formats are defined for EC-RACH in Rel-13. The 1TS EC-RACH format uses TN1 alone for mapping the blind physical layer transmissions, whilst the 2TS EC-RACH format uses TN0 and TN1 for coherent blind physical layer transmissions within TDMA frames. 2TS EC-RACH link level performance is superior due to coherent blind physical layer transmissions in the TDMA frame. 
To further improve the uplink performance, 2TS EC-RACH is considered as basis. The 2TS EC-RACH format is modified to further improve the coverage gain possible within 2 TS EC-RACH transmission: instead of transmitting two access bursts in two adjacent time slots, one burst with size of normal burst and one access burst are used to improve the transmission efficiency for the modified 2TS EC-RACH format.

1. dedicated logical channel design for New Coverage Class 5
For uplink dedicated channels, providing additional bits for channel estimation is expected to bring additional coverage gain, along with an increased number of blind physical layer transmissions. 
The current normal burst format and the modified normal burst format proposed for the new uplink Coverage Class 5 (CC5) with a reduction of data payload bits is given in Figure 1 below.
[image: ]
Figure 1: Normal burst format (above) and modified normal burst format for CC5 (Rel-14).
As per the new format only 106 data bits are mapped to a single burst allowing extension of symbols available for channel estimation from 26 bits to 36 bits including the stealing flags whose value is set to fixed value. The 5 bits on either side can use cyclic extension of the training sequence. With the above modified mapping of data bits to normal burst, the total number of data bits available for encoding of the RLC block and header is reduced to 424 bits. Hence a new channel coding design is required for EC-PDTCH and EC-PACCH to map the input bits to 424 bits.
WA1: Modifications to the normal burst to reduce the data bits as indicated in Figure 1 will be used as basis for changes to dedicated logical channels for MCL improvement.
1.1 EC-PDTCH/CC5 (MCS1’/48) 
1.1.1 Reduction of RLC/MAC header size 
For EC-PDTCH sensitivity performance, initial BLER of 50% is considered as reference. Achieving target throughput with this high initial BLER value is possible because base station HARQ combining for EC-PDTCH is based on the Fixed Uplink Allocation positions instead of actual RLC/MAC header contents.  Due to the above behaviour, RLC/MAC header of MCS-1 can be reduced to smaller size to allow the modified burst mapping proposed in earlier sections. The EC-GSM-IoT RLC/MAC Header for MCS-1 block used in Rel-13 is depicted in Figure 2 below.
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Figure 2: RLC/MAC Header for MCS-1 in EC operation (Rel-13).
A reduced RLC/MAC Header for uplink coverage class CC5 compared to current MCS-1 RLC/MAC Header in EC operation is proposed as given in below Table 1 below. 


Table 1: RLC/MAC Header changes for CC5
	Parameter
	Rel14 Header
Applicability        Size(bits)
	Rel13 Header
Applicability         Size(bits)

	TFI
	N
	0
	Y
	5

	Countdown Value
	Y
	4
	Y
	4

	FOI
	Y
	1
	Y
	1

	RI
	N
	0
	Y
	1

	BSN1
	Y
	4
	Y
	5

	CPS
	N
	0
	Y
	3

	DCCE
	Y
	2
	Y
	4

	rTLLI
	N
	0
	Y
	4

	SPB
	Y
	1
	Y
	2

	Spare
	N
	0
	Y
	2

	FUA ID
	Y
	5
	
	

	Total
	
	17
	
	31



Note 1: The parameters in the rows marked in yellow will not be present in CC5 Header. The parameter marked in green is new parameter introduced in CC5 header. For Parameters in grey row size is reduced.
The new RLC/MAC header for MCS-1’ does not contain CPS and TFI parameters. CPS and TFI of RLC block is known in case of Fixed Uplink Allocation. DCCE is reduced to 2 bits from 4 bits because at CC5 coverage condition, DL RXLEV is not expected to be above BT DL Threshold for CC1 and the benefits of reporting RXLEV above BT DL Threshold for a device using CC5 RLC block in uplink is rather insignificant as only the downlink transmission could be optimised due to this additional information. SPB is reduced to 1 bit.
The RLC/MAC header contains BSN information so that BSS can cross-verify the decoded information against the expected BSN. A new parameter FUA ID (Fixed Uplink Allocation Identifier) is proposed to contain reduced TLLI in the initial transmission of all RLC blocks except the first block of an FUA allocation. FUA ID contains the TFI value in all other cases. 
WA2: As most of the uplink RLC/MAC Header parameters are fixed or known at base station, for CC5 operations, RLCMAC Header size will be reduced to 17 bits as specified in Table 1 for CC5.

3.1.2 Channel Coding changes
The modified channel coding design for EC-PDTCH(CC5) is given in the Table 2 below. In this new format the channel coding aspects for data bits is unchanged. Number of header bits are reduced from 31 bits to 16 bits.
Table 2: Channel coding design for CC5
	Parameter 
	Rel-14 (Proposal)
	Rel-13

	Data bits
	178
	178

	Parity bits for data 
	12
	12

	Tail bits
	6
	6

	Coding 
	1/3 Convolutional coding
	1/3 Convolutional coding

	Punctioring pattern
	Same as MCS-1
	Same as MCS-1

	Number of encoded data bits
	372
	372

	Header bits
	17
	31

	Parity bits for header
	8
	8

	Coding 
	Tail biting 1/3 Convolutional coding with puncturing
	Tail biting 1/3 Convolutional coding with puncturing

	Number of encoded header bits
	48
	80

	Burst interleaving
	Same burst interleaving pattern as for MCS-1 is used with different number of input bits and output bits.
	



WA3: New coding scheme MCS1’ which is variation of MCS1 with reduced number of header part is proposed for CC5 EC-PDTCH channel.

1.2 EC-PACCH/CC5 
1.2.1 Reduction of EC-PACCH message size
The largest EC-PACCH message (PDAN) is considered for further possibilities for message size reduction. The proposed modification for the new message is given in Table 3 below. The message type and DL-CC-EST parameter sizes are reduced by 2 bits, respectively.
Table 3: EC-PDAN message content changes for CC5 
	EC-PDAN

	Size in Rel-13 [bits]

	Proposed Size for
CC5 [bits]

	Message Type
	5
	3

	Downlink TFI
	5
	5

	MS out of Memory
	1
	1

	EC-ACKNACK Descriptor
	14
	14

	EC-Channel-Quality-Report Description
	25
	25

	DC-CC-EST
	4
	2

	EC-Channel-Request Description
	6
	6

	Message Size
	60
	56



The payload size for CC5 EC-PACCH is assumed as 60 bits to consider 4 spare bits for any future extension of EC-PACCH message sent using CC5.

3.2.2 Channel coding changes 
The EC-PACCH/CC5 channel coding scheme follows the same channel coding scheme of EC-PACCH with reduced number of input bits and is depicted in Table 4.
Table 4: Channel coding design for EC-PACCH/CC5
	Data bits
	60

	Parity bits for data 
	18

	Tail bits
	6

	Coding 
	Tail biting 1/3 convolutional coding

	Punctioring pattern
	TBD

	Encoded bits
	106

	Burst mapping
	Mapped onto single burst of radio block and repeated in all the bursts.



WA4: For CC5, EC-PACCH will use the modified channel coding with reduced number of input bits (60 bits) is proposed. Some EC-PACCH messages such as EC-PDAN needs to be modified to fit into 60 bits for CC5.

1.3 Blind Physical layer transmission mapping for EC-PDTCH and EC-PACCH
EC-PDTCH and EC-PACCH logical channels of CC5 will use 48 blind physical layer transmissions which are mapped to the whole 52-multiframe PDCH structure. The number of blind physical layer transmissions are increased by 3 times compared to CC4. In practice, this will result in processing gain of about 4 dB.
The block structure of CC5 is given in Figure 3 below in comparison to the one for CC4.
[image: ]
Figure 3 : Block structure of CC4 and CC5 Uplink.
WA5:EC-PDTCH and EC-PACCH logical channels of CC5 will follow the block structure indicated in Figure 3.

2. modifications to 2TS EC-RACH for CC5
2.1 Modified 2TS EC-RACH Burst structure 
A new burst format is proposed for 2TS EC-RACH which provides an additional UL coverage gain over the gain from blind physical layer transmissions in Rel-13.
For the EC-RACH transmission on TN0, the new burst format includes more blind physical layer transmissions of data bits. This new burst format has the same number of symbols as the normal burst. For EC-RACH transmission on TN1, the access burst transmission is used with modification of the number of data bits. The new 2TS EC-RACH burst format is defined as below.
[image: ]
Figure 4 : Modified 2TS EC-RACH Format
On TN0, extended tail bits as in an access burst, one training sequence and 3 blind physical layer transmissions of data bits are included. Additional 3 bits surrounding each segment of data bits ensure same inter-symbol-interference impact for each of the data bit transmissions.
The modified 2TS EC-RACH transmission at MS is aligned to the time-slot boundaries, and both bursts are transmitted with timing advance 0. So this option is expected not to have any HW impact at MS.
At the base station, reception of above format requires additional buffering. Base station needs to store IQ combined values of each of the time-slots separately to identify the additional data bits, in addition to coherent combining of TN0 and TN1 bursts. Based on IQ combining of 2TS contents, base station finds TSC position in TN0 and TN1. Based on these positions, base station identifies the bit positions corresponding to second and 3rd transmission of data bits in TN0 and IQ combines these bits. These IQ combined data is further combined with already IQ combined data bits.
The base station continues with channel estimation using training sequence bits and further processes the IQ combined data bits using the channel taps estimated from the training sequence. The above additional implementation is possible by SW changes at BTS without any HW impacts.
The above shown burst format conveys 30 data bits compared to 36 data bits in the existing EC-RACH format (1TS EC-RACH and 2TS EC-RACH). For this purpose, a new EC Channel Request message content will be defined which is sent using EC-RACH CC5 training sequence.
2.2 EC-RACH Channel Coding Scheme
The channel coding design for EC-RACH/CC5 is depicted in Table 5.
Table 5: Channel coding design for EC-RACH/CC5.
	Payload bits
	10

	Parity
	6

	Convolution coding
	1/2 convolutional coding

	Puncturing
	10 bits

	Number of data bits after channel coding and puncturing
	30 bits



WA6: 2TS EC-RACH format modified for transmission of one long burst followed by access burst will be used as a basis for CC5 EC-RACH channel design. One variant of this burst format uses more number of  coherent transmissions within 2 Time slots. This format is proposed to be considered as one candidate solution for CC5 EC-RACH. 
2.3 Training sequence for CC5
There are different options to be considered for the training sequence of CC5 using the modified 2TS-RACH format. 
· The 2TS EC-RACH transmission for CC5 may use training sequence TS2 which will be used by EGPRS MS to indicate whether its capable of transmitting MCS 5 to 9 or not. This training sequence is not transmitted in TN1.
· The 2TS EC-RACH transmission for CC5 may use TS7, with the second burst being phase shifted by π. This method is similar to the use of OLCDMA on 2TS EC-RACH. The mechanism is similar to the CC4 transmission assigned with OLCDMA code 00 and CC5 transmission assigned with OLCDMA code 01. 
WA7: New EC-RACH Format is proposed to use one of the existing Training sequences without impacting the reception of  RACH which uses the same training sequence. 

2.4 EC-Channel Request Message contents sent using CC5 EC-RACH
For EC-RACH/CC5 channel, the message size is defined to be 10 bits. The message contents which are mapped to EC-RACH CC5 are listed in Table 6 below.
Table 6: Channel coding design for EC-RACH/CC5 (10 Bit payload)
	TSC 
(CC5)

	< EC PACKET CHANNEL REQUEST message content > :: =
< EC-NumberOfBlocks : bit (3)  >
< EC Priority : bit (1) >
< RandomBits : bit (3) >
< Selected DL Coverage Class : bit (2) > ;
	0

	TSC 
(CC5)

	< EC PACKET CHANNEL REQUEST POS message content > :: =
< Short Identifier : bit (8) > ;
< DL CC : bit(1) >
	1



2.5 Blind Physical layer transmission mapping 
The total number of blind physical layer transmissions for CC5 transmission is 96. These transmissions are mapped as 48 transmissions into 2* 51 multiframes. 48 transmissions in each multiframe uses 24 TDMA frames with TN0 and TN1 used for modified 2TS EC-RACH transmission in each of the TDMA frames.
If the latency performance is not a critical issue, the number of blind physical layer transmissions can be further increased to 144 with transmissions spanning across 3*51 multiframes,
2.6 Performance Evaluation 
The performance evaluation is presented in [2].

3. link layer aspects
Different aspects are considered in this section for signalling support of the new coverage class CC5. 
· The EC System Information needs to include additional parameters to indicate the support of CC5. 
· The coverage class threshold parameters in EC SI 2 should be modified to include the additional threshold for CC5 in UL.
· The TBF establishment procedure and coverage class adaptation procedure need to support operation of CC5. This requires that the MS is indicating its CC5 capability via uplink RLC/MAC header. 
· The downlink EC-PACCH messages should allow configuration of CC5 as uplink coverage class. 
· As CC5 is only used for UL which uses fixed uplink allocation, it can be multiplexed with other coverage classes as well as GPRS and EGPRS MS on same PDCH.

4. summary
The design aspects for the proposed new uplink Coverage Class 5 to support an improved MCL in extreme coverage for low power (23 dBm) devices related to the traffic channel and the common control channel as well as link layer aspects are provided in this paper. Upon agreement on the basic design as proposed in this contribution, changes to specifications for the respective uplink logical channels shall follow this design. 
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