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N-GSM: Link layer design aspects
1. Introduction

This contribution depicts link layer design aspects for the N-GSM concept proposal earlier introduced in [1], which is proposed to be included into TR 45.820 [2] in [3]. Section 2 lists assumptions and general principles being considered and followed, respectively for the link layer design, section 3 details corresponding design aspects in more detail. Section 4 outlines the further proceeding in the conclusion. This contribution is an update to [4] with changes marked in blue.
2. DESIGN ASSUMPTIONS
For the design of the link layer for N-GSM, assumptions and principles listed below were followed. 
2.1 General principles for link layer design
The link layer concept of N-GSM is designed for coverage constrained conditions, whilst in normal coverage conditions it is assumed that the Cellular IoT device will be served by GPRS / EGPRS depending on its MS RAC capability with support of MTC Rel-10 enhancements and features investigated in the uPoD study. 

As some of the existing MAC mechanisms of GPRS or EGPRS are suboptimal, those are replaced with more robust and energy efficient mechanims. In particular dynamic allocation is replaced by fixed allocation scheme and the number of coding schemes for packet traffic data and packet control data is reduced to one for each. 
Link adapatation  is obtained with adaptive chase combining that is controlled in symbiosis with N-MAC and current RLC/MAC AM mechanisms. The main purpose of N-MAC is to distinguish for receiver the blocks belonging to the same chase combining HARQ process.  The differences to RLC/MAC operation in GPRS/EGPRS are listed below: 
· Fixed Allocation is introduced for uplink packet data resources. Thus no USF needs to be transmitted in downlink. 
· The NB Transaction Identifier (NTI) replaces existing TFI identifiers in dowlink and uplink used for RLC/MAC data blocks as well as the Radio Transaction Identifier (RTI) used for RLC/MAC control blocks.  
· A new Narrowband MAC (N-MAC) header is introdudced for allowing control and high efficiency for chase combing of N-PDTCH and N-PACCH blocks.
· Only one MCS is designed for N-PDTCH in order to carry 20 B payload with code rate of ½ , which is similar to CS1, see [5]. 
· N-PACCH uses stronger coding to ensure transferring RLC/MAC control blocks with lesser re-transmissions. 
· Link adaptation is enabled and is based on HARQ chase combining up to the configured maximum number of repetitions for DL/UL N-PDTCH or N-PACCH, respectively.
· Due to longer TTI, RTT in block periods is shortened, thus the BSN range could be reduced compared against GPRS (128) and EGPRS (2048). Proposed BSN range for N-GSM is 96.
3. DESIGN ASPECTS
This section details various aspects in the link layer design.
3.1 Link layer architecture for N-GSM
N-GSM uses the link layer architecture as depicted in Figure 1.
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Figure 1:  Embedding of N-MAC for N-GSM in (E)GPRS architecture.
A N-MAC intermediate control layer is used to perform control of the HARQ block repetitions for chase combining and separating N-PDTCH and N-PACCH blocks. N-MAC header employs robust coding. Thus functionality of the RLC/MAC layer is reduced as it mainly controls transmissions and retransmission of RLC/MAC blocks employing ARQ and signals a reduced RLC/MAC header compared to (E)GPRS. 
N-MAC is only used for new modulation coding schemes using precoding. In particular two narrowband MCS are defined, one for the extreme MCL range just below 164 dB and one for the medium MCL range starting above 144 dB. 

For legacy modulation schemes, i.e. CS1, used up to MCL=144 dB, no intermediate layer between RLC/MAC layer and PHY layer is foreseen. 

3.1.1 Functional split between N-MAC and RLC/MAC

RLC/MAC is responsible for:

· (De-)Segmenting SDUs from/into RLC blocks

· RLC Block Sequence Numbering 

· Maintaining HARQ window mechanism

· HARQ

N-MAC is responsible for:

· Transferring NTI in DL in N-MAC header

· Transferring NBSN information in UL and DL N-MAC header
· Assisting physical layer in chase combining (e.g. memory operations)

· Signalling narrowband modulation and coding scheme 

3.2 N-MAC for controlling adaptive chase combining 
For N-PDTCH a separate N-MAC header is defined to enable variable number of repetitions with chase combining based on two narrowband modulation and coding schemes (NCS1 and NCS2) using the same channel encoding:

· NCS1 with single radio block transmission (TTI = 80 ms) and maximum repetition number of M_max (dependent on if IP header compression is used or not). It is used for medium MCL scenarios. 
· NCS2 with concatenated radio block transmission (M_init successive radio blocks spanning over M_init*80 ms) and maximum repetition number of M_max (dependent on if IP header compression is used or not). It is used for extreme MCL scenarios.
Spacing between repetitions is a multiple of the TTI (80 ms) in both cases.

The N-MAC header carries 
· information about the Narrowband Transaction Identifier (NTI) and 
· information about the Narrowband Block Sequence Number (NBSN). 
Adaptive chase combining is depicted in Figure 2. 
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Figure 2:  Adaptive chase combining with N-MAC.                                     
The corresponding message sequence flow is shown in Figure 3 for single block repetition mode and in Figure 4 for concatenated block repetition mode. 
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Figure 3: Message sequence flow for single block repetition mode.
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Figure 4: Message sequence flow for concatenated block repetition mode.
In Figure 3 NCS1 with single block repetition is applied transmitting 6 RLC/MAC data blocks with TTI of 80 ms, to comply with the window size of 6 RLC blocks (see Table 1) and by this preventing any stalling of the RLC/MAC window. After sending all RLC/MAC blocks, in DL transmitter polls the receiver to send the acknowledgement information, in UL the countdown value in the last N-PDTCH block indicates 0. In case the poll sent in DL is not correctly received, the transmitter will repeat the poll after it has not received a response in the block indicated by the RRBP value. 
In Figure 4 NCS2 with concatenated block repetition, i.e. immediate block repetitions with M_init=3 and TTI of 80 ms, thus spanning over a time interval of 240 ms, is applied for a window size of 6 RLC blocks. After sending all RLC/MAC blocks, the behaviour is the same as for NCS1.
It is noted that in case of UL data transfer, the BSS sends the acknowledgement information in PUAN, which is acknowledged by Packet Control Acknowledgement (PCA) in the UL [7], taking preference over N-PDTCH block transmission (not included in Figure 3 and 4). If the PCA is not received by the BSS, it retransmits the PUAN, until PCA is received.

As shown in Figure 3 and Figure 4, the transmitter assigns NBSN for each different RLC/MAC data or control block, where the same NBSN is re-used for re-transmissions for un-acknowledged RLC/MAC data or control blocks. RLC/MAC blocks are acknowledged by reusing ARQ functionality of (E)GPRS RLC/MAC layer. In particular ARQ type II using chase combining of blocks is proposed. 
A total payload size of 1 B is chosen for MAC-NB header for downlink, as it carries NTI (4 bits) and NBSN (4 bits) and only NBSN (4 bits) in uplink, because NTI is known with fixed uplink allocation scheme. For NBSN multiplexing both RLC/MAC data and control blocks, 12 code points are available for RLC/MAC data blocks and 4 code points for RLC/MAC control blocks, hence allowing for window size = 6 for RLC/MAC data blocks and window size 2 for RLC/MAC control blocks. Thus NBSN also indicates the modulation and coding scheme for N-PDTCH and N-PACCH.  RLC/MAC control blocks share the same NTI. Coding for NBSN is given in Table 1. 

	NBSN
	Refers to
	Remark

	0 0 0 0
	N-PDTCH block sequence no. 0 
	allowing for window size = 6

	0 0 0 1
	N-PDTCH block sequence no. 1
	

	…
	…
	

	1 0 1 1 
	N-PDTCH block sequence no. 11 
	

	1 1 0 0
	N-PACCH block sequence no. 1
	allowing for window size = 2

	…
	…
	

	1 1 1 1
	N-PACCH block sequence no. 3
	


Table 1: Usage of NBSN for N-PDTCH and N-PACCH.
Thus the TFI addressing space, used for MS in normal coverage, is not diminished by this concept. 
For transfer of N-MAC, two NB sequences, i.e. 4 bits using 2-FSK + BPSK, are available per burst and N-MAC is encoded to 64 bits based on the TTI of 80 ms (16 bursts). In channel coding NTI and NBSN values are included into checksum in N-MAC header and as well into parity information of the RLC header. 
3.3 Fixed Allocation 

The Fixed Allocation scheme provides the absolute starting time and a bit pattern relative to allocated block periods, i.e.  multiples of the TTI size, from starting time is given. This scheme is robust and energy efficient together with acknowledged RLC mode being used for N-PDTCH. In case the fixed allocation is not sufficient for completing the data transfer, a resource allocation extension is used that is signalled on N-AGCH or on N-PACCH. More details can be found in [6] and [7]. 

3.4 Countdown procedure
The mobile station sends the Countdown Value (CV) in each uplink RLC data or control block to indicate to the network the count of remaining RLC data blocks that will be sent in the uplink. With fixed allocation scheme the number of remaining RLC data blocks is important information for the RLC layer. The CV shall be calculated as follows. Highest CV value is halved compared to GPRS and EGPRS due to reduced RTT in block periods. 
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where:

TBC = total number of RLC data blocks that will be transmitted in the TBF,

BSN' = absolute block sequence number of the RLC data block, with range from 0 to (TBC - 1).
3.5 RLC/MAC Headers for N-PDTCH

RLC/MAC control information is optimised for coverage constrained conditions and small size transactions. In uplink payload type carries information about existence of TLLI and PFI in RLC block. BSN range is 96 and is signalled in two parts. N-MAC signals BSN MOD12 with 4 bits and RLC/MAC header BSN DIV 12 with 3 bits. This BSN range enables to segment maximum size of LLC frame with 1520 bytes (as 96 RLC/MAC blocks can be addressed), despite it is felt unlikely in context of CIoT. The reduced RLC/MAC header sizes for data and control blocks are shown in Table 2 and encoding of payload size in Table 3.
	Parameter
	Bits in DL data block
	Bits in UL data block
	Bits in DL control block
	Bits in UL control block 

	NTI (in N-MAC) 
	4*
	4**
	4*
	4**

	NBSN = BSN MOD12 
	4*
	4*
	
	

	BSN DIV 12
	3
	3
	-
	-

	Payload type
	2
	2
	2
	2

	Poll
	1
	-
	1
	-

	Countdown value
	-
	3
	-
	3

	Final Block Indicator
	1
	-
	-
	-

	Sum
	7
	8
	3
	5


Table 2: Reduced RLC/MAC header sizes for N-PDTCH and N-PACCH.       *: information is carried in N-MAC                  

**: information is known for fixed UL allocation
	bit
1 0
	Payload Type DL
	Payload Type UL

	0 0
	RLC/MAC block contains an RLC data block
	RLC/MAC block contains an RLC data block

	0 1
	reserved 
	UL RLC/MAC block contains an RLC data block with TLLI and PFI.

	1 0
	RLC/MAC block contains an RLC/MAC control block that does not include the optional octets of the RLC/MAC control header
	RLC/MAC block contains an RLC/MAC control block that does not include the optional octets of the RLC/MAC control header

	1 1
	RLC/MAC block contains an RLC/MAC control block that include the optional octets of the RLC/MAC control header
	RLC/MAC block contains an RLC/MAC control block that include the optional octets of the RLC/MAC control header


Table 3: Coding of payload type in DL and UL
3.6 N-PACCH 

N-PACCH uses stronger encoding than N-PDTCH to ensure transferring RLC/MAC control blocks with lesser re-transmissions. A reduced payload size of 80 bits for DL using code rate 1/4 and of 64 bits for UL using code rate 1/5 is assumed to carry all required signalling information for CIoT devices [7].
3.7 Multiplexing with GPRS and EGPRS

Devices supporting N-GSM and devices using normal GPRS and EGPRS can be multiplexed in the same timeslot. This is ensured by two means:

· N-GSM employs a different set of training sequences not compliant to legacy TSC Set 1. In particular the TSC set is selected such that a low cross correlation with legacy TSC Set 1 is achieved by basing it on TSC Set 2 for GMSK, optimized for concurrent users in a VAMOS channel, and extending it to 30 normal symbols. Hence the legacy device will not be able to perform correct channel estimation and decode USF information. Thus false USF detection is mitigated and this protection for legacy devices is assumed to be sufficient [5] allowing multiplexing both device types in the same PDCH on the basis that USF’s for legacy devices are included in DL GPRS/EGPRS PDTCH blocks.
· N-GSM uses fixed allocation in UL, thus no USF needs to be sent in downlink for N-GSM supporting devices. This option is meant for successive N_PDTCH blocks. For single N-PDTCH blocks with TTI=80ms, dynamic allocation with granularity-4 alternated allocation in UL is also possible. Furthermore the RRBP mechanism provides even larger advance in UL allocation.

Multiplexing of the above mentioned devices in the same cell is also supported. A separate common control channel structure is established serving for access of devices supporting N-GSM. This includes the support of multiple N-CCCH resource on time slots 1, 3, 5, 7 of the broadcast carrier for these devices which is scaled independently from the legacy multiple CCCH. 
4. Conclusion

In this contribution the adaptive chase combining based on the new link layer design for N-GSM using a specific N-MAC header for chase combining has been studied. Based on the introduction of an intermediate N-MAC layer between physical layer and RLC layer a higher efficiency together with coverage in serving the CIoT traffic is ensured. This aspect is included in the accompanying text proposal on N-GSM in [3]. 
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