3GPP TSG RAN #73

RP-161726
New Orleans, U.S.A.

Agenda item 12.1
19 - 22 September, 2016

Source: Nokia, Alcatel-Lucent Shanghai Bell

Motivation for new WID on 
EC-GSM-IoT Radio Interface Enhancements 
1. INTRODUCTION
The EC-GSM-IoT feature was included to 3GPP Rel-13 specifications. Enhance-ments to EC-GSM-IoT are proposed for Rel-14 in the companion work item [1].  
This paper provides background information on initial design aspects and protocol aspects as well as link level simulation results for introducing the radio interface enhancements mentioned in [1].
2. EC operation with reduced number of PDCH
As per the existing Rel-13 specifications, 4 PDCHs are required for traffic channel operation serving mobiles in extended coverage condition (i.e. the MS is operating in a higher coverage class such as CC2, CC3 or CC4). Many of the existing deployments may not be able to reserve 4 PDCH for EC operation due to resource requirements for other services within the cell. Moreover the MS may need to transmit over a long duration for 4 PDCHs operation and hence some power back-off is required. 

If the operator wishes to have full flexibility in scheduling EGPRS TBFs without the impact due to FUA allocations required for EC-GSM-IoT devices, he may chose different time slot resources for EGPRS operation and for EC operation. In such scenarios, allocation of 4 PDCHs for EC operation is not deemed to be resource efficient in view of a potentially high traffic load due to EC-GSM-IoT devices.

Observation 1: EC operation with reduced number of PDCHs is beneficial for many use case scenarios and allows for simplification of the MS implementation.
2.1 Design and performance of alternative CC mappings
Alternative mappings of all higher coverage classes for 2 PDCH and 1 PDCH are described in [2] along with evaluated link level performance of these alternative mappings.

To reduce the scope of the work, alternative coverage class mappings as depicted below are proposed to be specified as part of the WI:
· CC2 with allocation in 1 PDCH (CC2-1TS) or in 2 consecutive PDCH’s (CC2-2TS)
· CC3 with allocation in 2 consecutive PDCHs (CC3-2TS)
· CC4 with allocation in 2 consecutive PDCHs (CC4-2TS)
The relative sensitivity performance of these alternative mappings with respect to reference sensitivity values as specified in TS 45.005 is given in Table 1 for TU1.2noFH and in Table 2 for TU1.2idFH.
	Coverage class Alternative Mapping
	EC-PDTCH/D

TU1.2nFH
	EC-PACCH/D

TU1.2nFH
	EC-PDTCH/U

TU1.2nFH
	EC-PACCH/U

TU1.2nFH

	CC2-1TS
	-1.1 dB
	1.1 dB
	-1.1 dB
	-1 dB

	CC3-2TS
	0.1 dB
	0.1 dB
	-1 dB
	-0.7

	CC4-2TS
	-0.1 dB
	-0.6 dB
	-1.3 dB
	-1 dB


Table 1: Relative sensitivity performance compared to Rel-13 coverage classes (TU1.2noFH).

	Coverage class Alternative Mapping
	EC-PDTCH/D

TU1.2iFH
	EC-PACCH/D

TU1.2iFH
	EC-PDTCH/U

TU1.2iFH
	EC-PACCH/U

TU1.2iFH

	CC2-1TS
	1 dB
	-0.3 dB
	0.8 dB
	-1 dB

	CC3-2TS
	0.1 dB
	0.1 dB
	-1 dB
	-0.7

	CC4-2TS
	-0.6 dB
	-1.1 dB
	-1.1 dB
	-1.1 dB


Table 2: Relative sensitivity performance compared to Rel-13 coverage classes (TU1.2idFH).

As per the above tables, the performance for the alternative mappings differs only by up to 1.3 dB compared to the Rel-13 mappings. In other words the MCL achievable with 2 PDCH resources is only 1.3 dB inferior compared to MCL of Rel-13 coverage class mappings. With compact burst mapping the performance is expected to further improve for alternative coverage class mappings.
Observation 2: The sensitivity performance of the alternative coverage class mappings is comparable to that of Rel-13 coverage class mappings.

Out of the proposed 3 alternative coverage class mappings, the BTTI of CC4-2TS is increased from 80ms to 160ms. This will impact the delay and throughput performance of the new coverage class.

As per initial analysis in [2], the delay for exception report transmission is estimated as 8.47 seconds for CC4-2TS. The single user throughput estimated for CC4-2TS is 177 bps. Both the values are within the target specified in 3GPP TR 45.820 [3].
Observation 3: The delay and throughput analysis for CC4 alternative mapping meets the required performance for a CIoT system as per initial analysis.

The three above observations lead to the following proposal: 

Proposal 1: Use of single or dual PDCH(s) for CC2 and two PDCHs for CC3 and CC4 should be considered for specification as part of the new WID [1]. 

Link level performance for CC3-1TS and CC4-1TS also can be further analysed along with latency and throughput evaluations. If the performance of these alternative coverage class mappings is found acceptable they can be considered as well in the WI.
The support of Overlaid CDMA for alternative coverage class mappings is not foreseen. Compact burst mapping may improve the above depicted performance further. Its adoption will be studied during the WI.
2.2 Coexistence with Rel-13 devices

When EC operation with reduced number of PDCHs is enabled in the cell, Rel-13 EC-GSM-IoT devices in the higher coverage classes (CC2 to CC4) cannot establish a TBF because the required PDCH resources are not available for these devices. 
In this case the access of Rel-13 devices operating in higher coverage classes needs to be avoided. By setting EC-SI broadcast parameters for coverage class thresholds and EC_RXLEV_ACCESS_MIN in such a way that the Rel-13 device triggers cell reselection prior to channel access using a higher coverage class (CC2 to CC4 on DL and UL), it is possible to restrict the access to this cell for Rel-13 devices to operate only in CC1 on UL and DL. 

As only Rel-14 devices in higher coverage classes can be operated in this cell with reduced number of PDCHs, multiplexing issues related to higher coverage classes Rel-13 devices will not occur.

The EC-GSM-IoT Rel-13 device in CC1 can thus be multiplexed with Rel-14 devices using alternative coverage class mappings in the same PDCH.

The Rel-13 device in CC1 decodes all the DL RLC/MAC blocks and checks the DL-CC parameter in the header. If it indicates a higher coverage class, the device skips reception of corresponding radio blocks and starts reception in subsequent blocks only. When this Rel-13 device in CC1 establishes a TBF in the cell supporting EC operation with reduced number of PDCHs, it can continue applying the same behaviour as in Rel-13. For reduced monitoring of downlink blocks when higher coverage class blocks are detected, Rel-13 MS will still assume the normal mapping for higher coverage classes. Due to this behaviour in some cases the average number of received downlink blocks will increase before the device will detect presence of its downlink RLC/MAC block. 
Observation 4: No coexistence issues with Rel-13 devices are expected in a cell supporting EC operation with reduced number of PDCHs. 

Thus as per initial study supporting EC operation with lesser PDCHs will be beneficial for EC-GSM-IoT deployments in existing networks. Three new alternative mappings are proposed for standardization along a study of further candidate mappings.
3. uplink mcl improvement for low power devices

The MCL gain achievable for 23 dBm devices is merely 154 dB compared to 164 dB for the 33 dBm device. Further improvement of the uplink performance is necessary to reduce the MCL gap between these two device types. Moreover in case EC-GSM-IoT being part of a multimode device, supporting also other 3GPP cellular IoT technologies, this MCL improvement will enable both smooth operation and cost reduction for a device with 23 dBm output power being a common component for all technologies. 

Thus a new coverage class on uplink (CC5) is proposed to be specified for devices with 23 dBm output power. More details on the design aspects and an initial performance analysis are provided below.
3.1 MCL improvement for uplink EC-PDTCH
For the uplink traffic channel, a doubling of blind physical layer transmissions is expected to provide additional gain of close to 3 dB, taking into account that the theoretical gain likely is not achieved at low SINR level. To improve the performance further changes are required in the EC-PDTCH/U design.

Following changes are being considered and evaluated:
· MCS-1 RLC/MAC header in uplink can be reduced by 17 bits (or 18 bits). This is due to the fact that for FUA allocation the BSN1 of the block is known and also CPS of higher coverage class corresponding bits can be removed in uplink. As only one parameter for identification of the block is required either rTLLI (4 bits) or TFI (5 bits) can also be removed.
· Compact mapping for uplink may improve the IQ combining performance at lower SINR level for traffic channels in particular with reduced number of PDCHs (i.e. 2 PDCHs). For 4 PDCHs it was not evaluated.
· To improve the channel estimation at low SINR levels, transmission of known bits around TSC is adopted. Extension of channel estimation over additional 10 bits is achievable as per initial analysis.

EC-GSM-IoT RLC/MAC Header for MCS-1 block is given in Figure 1 below.
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	7
	6
	5
	4
	3
	2
	1
	Octet

	TFI
	Countdown Value
	FOI
	RI
	1

	BSN1
	TFI
	2

	DCCE
	SPB
	CPS
	3

	
	Spare
	rTLLI 
	DCCE
	4


                           Figure 1: 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 Table 3.

	Parameter
	Description
	Number of bits

(MCS-1,Rel-13)
	Number of bits

(proposed for CC5)

	TFI
	Can be deduced from FUA location
	5
	5

	Countdown Value
	Required
	4
	4

	FOI
	Required
	1
	1

	RI
	Required
	1
	0

	BSN1
	Can be deduced from FUA location
	5
	0

	CPS
	Not required as MCS is known for higher coverage classes
	3
	0

	DCCE
	Can be reduced to 2 bits for CC5.
	4
	2

	rTLLI
	Required
	4
	0

	SPB
	Required (but can be 1 bit)
	2
	1

	Spare
	Required (but can be reduced to 1 bit)
	2
	1

	Total
	
	31
	14


Table 3: Comparison of RLC/MAC Header structure for Rel-13 and Rel-14 for CC5.
Note: In the above table, rTLLI parameter is removed. For first transmission of TBF, TLLI parameter can be present which can be used to identify the user of the block.

As per above analysis the RLC/MAC Header for uplink CC5 transmission can be reduced to 14 bits. The new Header channel coding scheme is depicted in Table 4 below.

	Parameter
	Size [bits]

	Payload bits
	14

	CRC
	8

	Encoded Bits using Tail biting Convolutional Coding (R=1/3) 
	66


Table 4: Header channel coding for uplink EC-PDTCH/CC5.
Compared to 108 encoded bits for MCS-1 RLC/MAC header in Rel-13, the new Header only requires 66 bits. This reduces the total encoded bits of the radio block by 42 bits. With this change 10 bits are available on each of the 4 bursts, i.e. unused by the radio block, to extend the training sequence portion in the same order, i.e. from 26 to 36, for the purpose of improved channel estimation.  

In addition blind physical layer transmissions of EC-PDTCH/CC5 are doubled versus CC4 coverage class. Thus 32 blind physical layer transmissions are mapped to 4 PDCHs within TDMA frames, with RLC/MAC block repeated in 8 successive radio blocks (TTI = 160 ms).

The support of Overlaid CDMA for CC5 is proposed to be specified in case CC5 is mapped to 4 PDCHs. This will allow to multiplex the device with Rel-13 devices in other coverage classes, provided the network supports Overlaid CDMA. In case CC5 is mapped to a reduced PDCH allocation, no Overlaid CDMA support is proposed aligning to the alternative coverage class mappings. 
3.2 MCL improvement for uplink EC-PACCH 

3.2.1 Reduced payload size for uplink EC-PACCH in CC5 
To improve EC-PACCH/U channel performance, in addition to doubling the blind physical layer transmissions further enhancements are needed such as improved  channel estimation which requires reduction of the payload bits input to EC-PACCH/U channel coding. 

The EC-PACCH/U channel is used to send EC Packet Downlink Ack/Nack and EC-Packet Control Acknowledgment messages. The message type parameter encoding and the message contents are given in Table 5.

< Uplink RLC/MAC control message on EC-PACCH > ::=

< MESSAGE_TYPE : bit (5) == 00001 > < EC Packet Control Acknowledgement message content > |

< MESSAGE_TYPE : bit (5) == 00010 > < EC Packet Downlink Ack/Nack message content >;

              Table 5: Message type encoding used for EC-PACCH/U (Rel-13).
The size of these messages and possible reduction of the message contents in order to reduce the payload for EC-PACCH in CC5 to allow for an increase of bits used for channel estimation is captured in Table 6.

	EC-PCA


	Size in Rel-13 [bits]

	Proposed Size for 

CC5 [bits]

	Message Type
	5
	3

	TLLI
	32
	32

	DL-CC-EST
	4
	2

	Message Size
	41
	37

	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


              Table 6: Comparison of EC-PACCH/U message sizes for Rel-13 and Rel-14 for CC5.
As per Table 6, with reduction of message size by 2 bits to 3 bits and reduction of DLCC Estimation field by two bits to 2 bits, the uplink EC-PACCH message size is reduced to maximum of 56 bits compared to 60 bits required in Rel-13.

3.2.2 EC-PACCH/U channel coding design for CC5

The channel coding scheme for EC-PACCH/U CC5 with above proposed changes is given in Table 7.

	Parameter 
	Size [bits]

	Input bits
	56

	CRC
	18

	Channel coding
	Tail biting, 1/3 convolution coding 

	Puncturing bits
	116

	Encoded bits
	106


Table 7: Channel coding for uplink EC-PACCH/CC5.

The encoded bits generated from above coding is 106 bits, which is again 10 bit less than used for EC-PACCH/U in Rel-13. These 106 bits are mapped to a single normal burst with extended training sequence of 36 bits.

Blind physical layer transmissions of EC-PACCH/CC5 is again doubled versus CC4 coverage class. Thus 32 blind physical layer transmissions are mapped to 4 PDCHs within TDMA frames, with RLC/MAC block repeated in 8 successive radio blocks (TTI = 160 ms, as for EC-PDTCH).

Further gains for EC-PDTCH/U and EC-PACCH/U can be achieved by tripling the blind physical layer transmissions from 16 (Rel-13) to 48 where a single CC5 EC-PDTCH/EC-PACCH block is mapped to all 12 blocks of the 52-multiframe.
Figure 2 shows the CC5 radio block mapping onto the 52-multiframe for both options of 32 and 48 blind physical layer transmissions.
It is noted that only the regular burst mapping was evaluated for both options.
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Figure 2: Mapping of EC-PDTCH/EC-PACCH onto 52-multiframe using 32 (TTI = 160 ms, upper part) or 48 (TTI = 240 ms, lower part) blind physical layer transmissions. 

3.2.3 Link level performance of uplink EC-PDTCH/EC-PACCH for CC5
As per link level simulation results, the comparative gains with respect to CC4 for EC-PDTCH/U and EC-PACCH/U channels in CC5 are given in Table 8.  
The values for CC4 are taken from the reference input level performance table 1z in TS 45.005 specifying EC-GSM-IoT BTS sensitivity performance, as agreed at RAN6#1.
	Channel type
	TU1.2nFH

[dBm]
	Comparative gain

[dB]

	EC-PDTCH(U)/MCS-1/16
	-128.0
	-

	EC-PDTCH’(U)/MCS-1/32
	-131.5
	3.5 

	EC-PDTCH’(U)/MCS-1/48
	-132.7
	4.7

	EC-PACCH/U/16
	-128.0
	-

	EC-PACCH’/U/32
	-131.5
	3.5

	EC-PACCH’/U/48
	-132.7
	4.7


Table 8: Reference input levels for EC-PDTCH/EC-PACCH (Rel-13) and corresponding levels for the modified schemes EC-PDTCH’/EC-PACCH’ for CC5 and comparative gains.
Additional gain is achieved by means of increasing the blind physical layer transmissions and also increase in number of symbols for channel estimation. 

Observation 5: Doubling of blind physical layer transmissions along with additional bits for channel estimation yields an MCL improvement of 3.5 dB for CC5, whilst tripling of transmissions with improved channel estimation yields an MCL gain of 4.7 dB for CC5, compared to Rel-13 CC4.

3.3 MCL improvement for EC-RACH
The 2TS EC-RACH option, specified in Rel-13, needs to be modified to increase the blind physical layer transmissions to 3 times to get additional gain from IQ combining. This is reasoned by the fact that the performance gain with increase of blind physical layer transmissions decreases at lower SINR level.

CC5 EC-RACH channel is proposed to use 2TS EC-RACH option because this option provides superior performance over 1 TS EC-RACH, and it can be improved further.

CC5 EC-RACH blind physical layer transmissions are mapped to TN0 and TN1 in 25 successive TDMA frames within the 51-multiframe with two transmission opportunities (either 0 to 24 or 25 to 49) in 3*51-multiframes and the mapping is repeated in 3*51-multiframes as depicted in Figure 3.
The total number of blind physical layer transmissions for CC5 = 2*25*3 =150 compared to 48 blind physical layer transmissions of CC4.

With the above mapping, decoding of the CC5 EC-RACH slot in TDMA frame mod 51 = 24 or 49 does not coincide with decodings of other higher coverage classes so that the base station still needs to concurrently decode only CC1 and any other higher coverage class.
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Figure 3: Mapping of 2TS EC-RACH onto 51-multiframe using 150 blind physical layer transmissions and 2 transmission opportunities in 3*51-multiframes (TDMA frame 50 not shown).
3.3.1 Reduced payload size for EC-RACH in CC5 
In order to improve the link level performance further, the payload bits on CC5 EC-RACH can be reduced from 11 bits to 9 bits. The modified EC Channel Request message is given in Figure 4.

Table 9.1.65.2: EC PACKET CHANNEL REQUEST message content (EC-RACH)

	< EC Packet channel request message content > ::=


< EC-NumberOfBlocks : bit (3)  >


< EC Priority : bit (1) >


< RandomBits : bit (2) >   Changed from 3 bits to 2 bits as lesser collisions of devices in CC5 are expected 

< Selected DL Coverage Class : bit (2) >  Changed from 3 bits to 2 bits to indicate CC1, CC2, CC3 and CC4

< Spare : bit (1) >;




Figure 4: Reduced message size for EC Packet Channel request for device in CC5.
3.3.2 EC-RACH channel coding design for CC5

The 2TS EC-RACH channel coding scheme for CC5 with modified payload bits is provided in the Table 9.
	Parameter
	Size in Rel-13 [bits]

	Proposed Size for

CC5 [bits]

	Input Bits
	11
	9

	CRC
	6
	6

	Tail bits
	4
	4

	Coding
	½ rate CC
	½ rate CC

	Puncturing
	6
	6

	Encoded bits
	36
	32


Table 9: Channel coding for 2TS EC-RACH (Rel-13) and 2TS EC-RACH/CC5.

As data bits are reduced to 32 bits, the training sequence for CC5 can be extended by 4 bits to 45 bits.

3.3.3 Link level performance of EC-RACH for CC5
As per link level simulation results, the input signal levels for reference performance for CC5 2TS-EC-RACH’ using the above depicted design and for CC4 2TS EC-RACH are shown in Table 10. 
	Channel type
	TU1.2nFH 

[dBm]
	Comparative gain [dB]

	2TS EC-RACH/48
	-128.0
	-

	2TS EC-RACH’/150
	-131.0
	3.0


                  Table 10: Reference input level for 2TS EC-RACH (Rel-13) and level for the modified scheme 2TS EC-RACH’ for CC5 and comparative gain.
Additional gain is achieved by means of increasing the blind physical layer transmissions and also increase in number of symbols for channel estimation.

Observation 6: As per link level performance of the new coverage class CC5 of uplink logical channels, minimum 3 dB MCL improvement is achievable. Further optimizations are possible. 
3.4 Design aspects for CC5
The design aspects of CC5 uplink logical channels are summarised in Table 11.

	Channel type
	Channel coding impact
	Number of blind physical layer transmissions
	Improved channel estimation

	EC-PDTCH/U
	RLC/MAC Header channel coding is modified to obtain reduced payload size (14 rather than 31 bits)
	Increased to 32 or 48
	Yes. Additional 10 known bits around TSC for improved channel estimation.

	EC-PACCH/U
	EC-PACCH channel coding is modified to obtain payload size reduced from 64 to 56 bits
	Increased to 32 or 48
	Yes. Additional 10 known bits around TSC for improved channel estimation.

	EC-RACH
	EC-RACH channel coding is modified with input bits reduced from 11 to 9 bits
	Increased to 150
	Yes. TSC is extended to 45 bit for improved channel estimation.


Table 11: Design aspects for uplink channel types in CC5.
4. impacted Core specifications
Table 12 provides an overview of affected core specifications for the candidate features discussed in sections 2 and 3. 
	Feature
	Protocol Aspects
	Radio Aspects
	Performance Aspects

	EC Operation with reduced number of PDCHs
	43.064

44.060

44.018
	43.064

45.001

45.002

45.003
	45.005

	New Uplink Coverage class with improved MCL gain for 23 dBm device
	43.064

44.060

44.018
	43.064

45.001

45.002

45.003
45.008
	45.005


Table 12: List of affected core specifications.
5. summary

EC-GSM-IoT radio interface enhancements proposed in the companion WID [1] are further analysed in this paper in regard to initial design aspects and performance benefits. 

As per link level simulation results the performance of alternative coverage class mappings using either single PDCH or 2 PDCH resources is comparable to existing coverage class mappings. These can be used in resource constraint conditions at the base station or in case of small PS territory. Initial analysis of the coexistence with Rel-13 EC-GSM-IoT devices is also investigated and no issue is identified when limiting the channel access to Rel-13 devices in CC1.
A new coverage class CC5 for uplink is proposed. As per initial link level simulation results, this new coverage class can achieve up to 4.7 dB MCL improvement for traffic channels compared to CC4 in Rel-13. 

Latency and throughput analysis of new coverage class due to increase of BTTI is expected to meet the target performance for CIoT-LC as specified in [3]. Further analysis to confirm the same along with energy consumption analysis of the new coverage class will be provided during the WI phase.

The major benefits of both new enhancements are summarised below. 

· Alternative coverage class mappings will be required to enable EC operation in extended coverage at base stations which cannot allocate 4 PDCH resources for EC operation required to operate higher coverage classes in Rel-13. 

· The new uplink coverage class CC5 enables low power devices to achieve more than 3 dB additional MCL gain. With this additional gain the gap between uplink MCL for 33 dBm devices and that for 23 dBm devices of 10 dB in Rel-13 will be reduced to around 6 to 7 dB in Rel-14.

6. CONCLUSION

The sourcing companies propose to include both enhancements described in this document and in the companion WID [1] to Rel-14 specifications. 
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