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1 Introduction
This document provides the text proposal related to applying Grant-Free Multiple Access (GFMA) for the uplink transmission of Narrowband M2M (NB M2M) solution [1]. Detailed discussions and analysis of the GFMA can be found in [2].
2 Proposed Text for the TR
	First Change


7.1
Narrow Band M2M (NB M2M)

7.1.1
General
[details omitted]
7.1.2
Downlink physical layer design

[details omitted]
7.1.3
Uplink physical layer design

7.1.3.1 
Basic transmission scheme

7.1.3.1.1
Multiplexing scheme

7.1.3.1.1.1
Channelization
[details omitted]
-
Consequently, the proposed system has no requirement for closed loop power control, whilst a CDMA based system is likely to require relatively accurate power control. This is an important performance consideration because closed loop power control is ill-suited to an IoT network given that the typical traffic is short and sporadic (in contrast with a voice or data streaming service). Furthermore, minimizing control traffic is crucial to meeting the power consumption targets.
To support a massive number of devices, Grant-Free Multiple Access (GFMA) principal, non-orthogonal multiple access of CIoT devices, can be used instead of FDMA. In GFMA, multiple UEs attempt to access the system simultaneously at the same resource to transmit uplink data without grant from base station. As the subcarrier bonding in FDMA, wider bandwidth can be used as a single carrier in GFMA transmission. Scheduling information of FDMA and GFMA in PUSCH, such as starting point, duration, channel ID, are delivered in system information. In a single GFMA duration, there may be several GFMA opportunities (say GFMA types) each of which has unique bandwidth (i.e., bonding factor), modulation, code rate, spreading factor, preamble configuration, and code block size (CBS). Hence, each UE may attempt to access the system by selecting one of the GFMA types according to its path loss and SNR.
7.1.3.1.1.2
Time structure
The uplink time structure and the definition of slot, frame, superframe and hyperframe are the same as for the downlink.
7.1.3.1.1.3
Burst structure
For FDMA, there is only one type of burst in the uplink:
1)
Non-DCI burst type 2. This burst is transmitted on PUSCH and is used to carry random access messages as well as data and signalling information for higher layers. It has a duration of an integral number of slots, each containing 37.5*B symbols (where B is the channel bonding factor). 
[details omitted]
Depending on the intended coverage level, a burst may be repeated a number of times when being transmitted.
For GFMA, a single PUSCH burst type with different durations depending on MCS is defined, which is used to carry data. 
The supported MCS, including modulation, code rate, bonding factor, and spreading factor for GFMA are configured in system information. Depending on the MCS, each symbol may be spread to provide improved coverage, as indicated by the spreading factor in Table 7.3.3-x1.
Table 7.3.3-x1: Example of MCS configuration for GFMA
	MCS index
	Modulation
	Code rate
	Bonding factor
	Spreading factor

	0
	Mod0
	CR0
	BF0
	SF0

	1
	Mod1
	CR1
	BF1
	SF1

	2
	Mod2
	CR2
	BF2
	SF2


The structure of the PUSCH burst of GFMA is shown in Figure 7.3.3-x1. For the contention resolution of non-orthogonal random access of multiple UEs, each UE randomly selects one of the available preamble sequences for preamble transmission. The preamble sequence can be generated by pre-defined generator polynomials. The length and the number of preamble sequences determine the resolution capability, decoding complexity, and throughput of the system. Note that the length and number of preamble sequences of GFMA types can be predetermined or contained in the system information.

With MCSn, the beginning SFn samples of the selected preamble sequence are used both as a pilot spreading sequence and a data spreading sequence. Hence, the data may be decodable only if the corresponding sequence is successfully resolved from the overlapped preamble sequences. 

Guard time followed by a preamble is inserted in order to avoid potential for a collision between preamble of a UE with large RTT and the data of a UE with small RTT.
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Figure 7.3.3-x1: PUSCH burst structure of GFMA
The CBSs of bursts of UEs, which are transmitted in the same GFMA type, are the same. A UE who wants to transmit smaller amount of data bits than CBS of the selected GFMA type may pad zeros at the end of the data bits to align with the defined CBS in the GFMA type.
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 data symbols, hence, with MCSn and CBS of CBSn bits, burst duration of GFMA with MCS index n in Table 7.3.3-x1 is as follows:
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All the pilot symbols are 1 and are spread by pilot spreading sequence.
7.1.3.1.2
Transmission chain
7.1.3.1.2.1
General
[details omitted]
7.1.3.1.2.2
FEC and rate matching

[details omitted]
7.1.3.1.2.3
Scrambling
The output symbols from FEC/interleaving are scrambled by applying an XOR logical operation between each output bit and the output of a cell-specific scrambling sequence generator. The scrambling can randomize the inter-cell interference and reduce the potential impact of long sequences of equal valued bits.

The scrambling sequence is generated using the same length-31 Gold sequence generator as described in subclause 7.1.2.1.2.3.

For random access message transmissions of FDMA in the PUSCH, the sequence generator is initialized at the start of each burst with a seed that depends on the physical cell identifier, CELL_ID, and the frame index corresponding to the start of the burst, FRAME, as follows:
Cinit = {19'b0, FRAME[5:0], CELL_ID[5:0]} ^ 1
For non-random access message transmissions of FDMA in the PUSCH, the sequence generator is initialized at the start of each burst with a seed that depends on the physical cell identifier, CELL_ID, the frame index corresponding to the start of the burst, FRAME, and the UE identifier, UE_ID, as follows:
Cinit = {UE_ID[19:0], FRAME[5:0], CELL_ID[4:0]} ^ 1
For GFMA, the same sequence used for random access message transmissions of FDMA is utilized for scrambling.
7.1.3.1.2.4
Pilot insertion
For Class-A of FDMA, the pilot symbols are generated using the same length-31 Gold sequence generator as described in subclause 7.1.2.1.2.3.
The sequence generator is initialized at the start of each burst with a seed that depends on the uplink channel index, UL_CHAN, the physical cell identifier, CELL_ID, and the frame index corresponding to the start of the burst, FRAME, as follows: 
Cinit = {13'b0, UL_CHAN[5:0], FRAME[5:0], CELL_ID[5:0]} ^ 3
For Class-B of FDMA, a pseudo-random sequence, denoted as 
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, is generated using the same method as for Class-A pilot sequence generation. This sequence is then mapped to the final pilot sequence, denoted as 
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, according to Table 7.1.3-1.
Table 7.1.3-1: Mapping table for pilot sequence, Class-B
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In case of GFMA, 
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 data symbols and the beginning spreading factor amount of samples of preamble sequence are used as a pilot spreading sequence both for Class-A modulation and Class-B modulation.
7.1.3.1.2.5
Modulation
[details omitted]
π/4-QPSK and π/8-8PSK provide higher spectral efficiency than either π/2-BPSK or GMSK, but require higher SNR for demodulation. It may be beneficial for cost/complexity reasons to define π/8-8PSK as an optional uplink modulation scheme for UEs. Higher order modulation schemes are not proposed because of the likely increase in cost/complexity for the UE transmitter due to RF implementation issues.

In case of FDMA, similarly to the downlink, the UL MCS index and the CBS index for a burst on the PUSCH is always indicated within the DCI that defines the corresponding resource allocation. Hence no modulation detection is necessary at the receiver.
7.1.3.1.2.6
Spreading
For FDMA, Symbol spreading may be applied to the uplink transmissions in a similar manner to the downlink.
The spreading sequence is applied to the chips in order of transmission, such that a '1' in the spreading sequence results in a polarity inversion of both the I and Q values for a given chip. The spreading is applied to the pilot symbols in addition to the data symbols.

The symbol spreading sequence is generated using the same length-31 Gold sequence generator as described in subclause 7.1.2.1.2.3.

For random access message transmissions in the PUSCH, the sequence generator is initialized at the start of each burst with a seed that depends on the physical cell identifier, CELL_ID, the frame index corresponding to the start of the burst, FRAME, and the MCS value, as follows:
Cinit = {15'b0, MCS[3:0], FRAME[5:0], CELL_ID[5:0]} ^ 2
The dependency of the seed on the MCS value ensures that if random access bursts with different spreading factors overlap on the same physical uplink channel, the base station receiver may be able to separate the bursts based on the differing spreading codes.

For non-random access message transmissions in the PUSCH, the sequence generator is initialized at the start of each burst with a seed that depends on the physical cell identifier, CELL_ID, the frame index corresponding to the start of the burst, FRAME, and the UE identifier, UE_ID, as follows:
Cinit = {UE_ID[19:0], FRAME[5:0], CELL_ID[4:0]} ^ 2
For GFMA, the beginning spreading factor samples of a preamble sequence which is selected for preamble transmission are applied as a spreading sequence both for pilot symbols and data symbols. For example, if the spreading factor of a GFMA type is 8, the beginning 8 samples of a preamble sequence are used as a spreading sequence. The preamble sequence is generated by pre-defined generator polynomials.
7.1.3.1.2.7
Phase rotation
[details omitted]
7.1.3.1.2.8
Pulse shaping
[details omitted]
7.1.3.1.2.9
Modulation and coding schemes (MCS)
For FDMA, as shown in Table 7.1.3-1, a total of 12 Class-A MCSs are supported for the PUSCH, providing PHY data rates ranging from 56.3 bps to 43.2 kbps. These data rates take into account pilot overheads and are also scaled by 0.9 to allow for retransmissions arising from an assumed 10% block error rate.

[details omitted]
For GFMA, MCS and CBS pairs for GFMA types are configured in the system information. MCS contains modulation scheme, code rate, bonding factor, and spreading factor.
7.1.3.2
Physical layer procedure

7.1.3.2.1
Uplink synchronization
[details omitted]
In FDMA transmission, the uplink time of arrival (ToA) for a given MSis initially estimated by the base station receiver using the pilot symbols contained in the uplink burst corresponding to the random access request from the device. Tracking of the uplink ToA can be performed based on subsequent uplink transmissions from the device, using the pilot symbols in each burst. The estimated ToA is used by the base station receiver for the demodulation of the uplink burst. 
For GFMA, the uplink ToA is estimated by the base station receiver using the preamble sequence at the beginning of the burst. The estimated ToA is used by the base station receiver for the demodulation of the uplink burst.
7.1.3.2.2 
Uplink power control

[details omitted]
-     j=0 is used for UL-SCH transmissions of FDMA, and 
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-     j=1 is used for RACH transmissions of FDMA, and 
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 is the initial target received power for the RACH with the lowest MCS and is the step-size of RACH power ramping. Both 
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-     j=2 is used for UL-SCH transmissions of GFMA, and 
[image: image37.wmf]m

MCS

PUSCH

NOMINAL

D

P

P

¢

+

=

¢

0

0

2

)

(

_

_

. 
[image: image38.wmf]'

0

MCS

P


 is the initial target received power for the GFMA with the lowest MCS and it is provided by higher layers. 
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 is the downlink path loss (in dB) estimated by the MS according to  = BaseStationPower – higher layer filtered SSRP, where BaseStationPower is provided by higher layers and SSRP is the measurement result at the MTC device.
7.1.3.2.3
Uplink frequency hopping
Uplink frequency hopping is only applied for FDMA but not for GFMA.
In FDMA transmission, uplink frequency hopping, if enabled, is performed over the set of allocated uplink channels for the base station sector. The same basic principles as used for downlink hopping are applied for the uplink. Independent frequency hopping settings (e.g. the frequency hopping interval and the frequency hopping step) are applied for the uplink and downlink , based on separate broadcast information elements within the system information . 
[details omitted]
7.1.4
 Link layer aspects

[details omitted]
7.1.4.2
MS Operating Modes
[details omitted]
7.1.4.3
Channel mapping
7.1.4.3.1
Channel mapping for the Gb-based architecture

[details omitted]
7.1.4.3.2
Channel mapping for the S1-based architecture

[details omitted]
7.1.4.4
Scheduling
7.1.4.4.1
General

[details omitted]
DCIs are periodically transmitted on a PDSCH channel and contain scheduling information.  The interval between the DCIs is configured in the SI. DCIs provide uplink and downlink allocations, acknowledge uplink messages for FDMA MSs, and configure the random access resources.  An allocation is a physical resource on the PBSCH or PUSCH channels.  A downlink or uplink allocation description in a DCI defines the start time, length, MCS, and the physical channel for the resource. MSs receive DCIs on a particular PDSCH channel when they are not otherwise transmitting or receiving. Uplink and downlink transmissions on other physical channels can overlap with DCIs in time.

7.1.4.4.2
Scheduling for FDMA and GFMA modes
A MS may transmit in FDMA mode, GFMA mode or both while connected.
Figure 7.1.4.4.2 is an example of scheduling for a MS in FDMA mode.
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Figure 7.1.4.4-2: Example of Scheduling for a MS in FDMA mode
In Figure 7.1.4.4-2, a MS receives the SI. The SI provides details of a DCI for the MS (1). The MS then receives the DCI, which provides the timing and channel for a downlink (DL1 (2)) and an uplink (UL1 (3)) allocations. The MS then receives DL1 and transmits UL1. UL1 contains the acknowledgement information for the burst received in DL1.

The MS then receives DCI3. DCI3 provides acknowledgement information for the burst transmitted by the MS in UL1. It also provides timing and channel information for DL2 (4) and UL2 (5). The MS will then transmit a burst in UL2. This transmission includes acknowledgement information for the burst received in DL2.
MSs are able to request resource from a base station by sending a resource request on the random access channel (RACH). The details of the RACH (its physical channel and timing information) are carried in the DCIs. Once a MS has requested resource via the RACH, the base station will attempt to allocate resources in a subsequent DCI.
Figure 7.1.4.4-3 is an example of scheduling for a MS in GFMA mode, especially when the MS has no C-RNTI.
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Figure 7.1.4.4-3: Example of Scheduling for a MS in GFMA mode with no C-RNTI
In Figure 7.1.4.4-3, a MS in GFMA mode attempts to transmit uplink data without grant from base station. After the UL transmission in UL1, the MS receives DCI (DCI2) to read the acknowledgement information for the burst received in UL1. Acknowledgement information is not contained in DCI but DCI indicates the downlink resource for the acknowledgement (2) with ACK-GFMA-RNTI. In this example, since the MS has no C-RNTI, the base station should assign C-RNTI to the MS if the base station wants to transmit downlink data after receiving uplink data in UL1. The downlink resource for the C-RNTI assignment (DL2) is allocated in DCI3 (3) with GFMA-RNTI. Downlink resource allocation with C-RNTI for downlink data transmission (4) and uplink resource allocation for acknowledgement of downlink data in DL3 (5) are provided in DCI3 or DCI4. The C-RNTI assigned in DL2 can be used for the forthcoming downlink allocation and/or the uplink allocation for the MS. There is a one-to-one mapping between the ACK-GFMA-RNTI value and the GFMA type. Likewise, there is a one-to-one mapping between the ACK-GFMA-RNTI value and the GFMA type.
Figure 7.1.4.4-4 is an example of scheduling for a MS in GFMA mode, especially when the MS has C-RNTI. If the MS already requests resource from a base station by sending a resource request on the RACH, the MS may be assigned C-RNTI before GFMA transmission.
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Figure 7.1.4.4-4: Example of Scheduling for a MS in GFMA mode with C-RNTI
In Figure 7.1.4.4-4, reception of acknowledgement information after uplink transmission is the same with an example in Figure 7.1.4.4-3. In this example, since the MS has C-RNTI, the base station allocates downlink resource for downlink data transmission in DCI3 with C-RNTI (3).
7.1.4.4.3
DCI Burst Packet Format
[details omitted]
7.1.4.4.4
Allocated Burst Packet Format
[details omitted]
7.1.4.5
Random access procedure
7.1.4.5.1
RACH configuration
For FDMA, RACH resources are scheduled dynamically using DCI scheduling and statically using system information broadcast. Different RACH resources are allocated for each coverage class. The MS selects dynamic or statically allocated RACH according to its access cause. The MS chooses a RACH allocation based on network indication, configuration, or desired coverage class. RACH is mapped onto PUSCH.
The parameters of the RACH configuration in a DCI are described in subclause 7.1.4.8.1.
The parameters of the RACH configuration in the system information are shown in Table 7.1.4.5-2.
Table 7.1.4.5-2 RACH configuration of FDMA in system information

	Field
	Description

	MCS
	MCS that the MS will use when transmitting in the RACH allocation. 

	Channel ID
	Uplink  physical channel identity.

	RACH index
	Number of RACH resources in one super frame

(the RACH resources are equally distributed in a super frame, and each RACH resource uses one RACH Allocation Unit).


For GFMA, resource scheduling of GFMA types in a GFMA duration, the corresponding MCS, CBS, and preamble configuration of each GFMA type are defined in the system information.
7.1.4.5.2
Random access procedure of FDMA with random number
[details omitted]
7.1.4.5.3
Random access procedure of FDMA with C-RNTI
[details omitted]
7.1.4.5.4
Random access and data transmission procedure of GFMA
When the MS is not in connected mode or transmits uplink data while in connection, an overview of random access and data transmission procedure of UEs in GFMA mode is shown in Figure 7.1.4.5-3.
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Figure7.1.4.5-3: Random access and data transmission procedure of GFMA

GFMA supports uplink transmission without grant from the base. MAC PDU contains preamble for contention resolution from UEs choosing the same GFMA type, UE ID (i.e., TLLI/S-TMSI), amount of uplink data transmitted (different from CBS), and uplink data. The base station responds to the uplink transmission of UEs with an Ack/Nack PDCCH message.
7.1.4.5.5
No response to Random Access Request

[details omitted]
7.1.4.5.6
Random Access Reject
[details omitted]
7.1.4.6
Data transfer procedure

7.1.4.6.1
General

[details omitted]
7.1.4.6.2
Segmentation and re-assembly

[details omitted]
7.1.4.6.3
Data transmission and retransmission
7.1.4.6.3.1
Principle for single process retransmission

[details omitted]
7.1.4.6.3.2
Feedback mechanism and processing

[details omitted]
When the base station schedules an uplink allocation after a downlink allocation and does not receive a MAC Control Element carrying the V(R) value then the base station assumes that the MS did not receive the downlink transmission successfully and will retransmit the downlink MAC PDU.  If the MS transmitted a V(R) value then the base station uses the value to determine whether the downlink MAC PDU was successfully received or not.

FDMA Transmission Feedback Mechanism
The base station provides V(R) values to the MS using a bitmap ACK field in the DCI that follows an uplink allocation. The successful reception of the last uplink MAC PDU is used to trigger entry of RDR from ADR in Connected Mode, see subclause 7.1.4.6.1, therefore high reliability for the feedback is required.  To achieve the high reliability of the feedback the bitmap ACK field is repeated in the next DCI.
[details omitted]
Table 7.1.4.6-1 defines the actions taken by the MS and the base station, depending upon which DCIs the MS has received, whether the last uplink MAC PDU has been transmitted and whether the bitmap ACK field indicates successful reception of the  uplink  MAC PDU.
GFMA Transmission Feedback Mechanism
The base station provides V(R) values to the MS in downlink data allocated in DCI with ACK-GFMA-RNTI. MSs are implicitly provided V(R) by checking the existence of TLLI/S-TMSI of MSs in the allocated downlink data.
Table 7.1.4.6-1 Actions after UL Transmission and Feedback Reception of FDMA
	Last Uplink MAC PDU transmitted
	DCIs received after uplink transmission
	ACK or NACK of UL transmission
	Action

	Yes
	First or second DCI received successfully
	ACK
	Enter RDR. If feedback is received in the first DCI the MS does not need to receive the second DCI.

	No
	First or second DCI received successfully
	ACK or NACK
	The MS stays in ADR as the last UL MAC PDU has not been transmitted and keeps receiving DCIs for subsequent allocations for UL transmissions

	Yes or No
	First or second DCI received successfully
	NACK
	The MS stays in ADR and keeps receiving DCIs for subsequent allocations for retransmission.

	No
	None
	Unknown by the MS
	The MS stays in ADR as the last UL MAC PDU has not been transmitted and keeps receiving DCIs for subsequent allocations for new UL transmissions or retransmissions.

If the base station successfully received the UL MAC PDU it will provide further allocations until the last MAC PDU is received.  If the base station failed to receive the UL MAC PDU then it will provide an uplink allocation for retransmission.

The V(R) value included in the uplink allocation indicated whether the MS retransmits the previous UL MAC PDU or transmits the next UL MAC PDU.

The probability of failure to successfully receive 2 consecutive DCIs is low, therefore this is unlikely to occur.

	Yes
	None
	Unknown by the MS
	The MS uses RACH to request retransmission of the MAC PDU as the MS does not know whether the base station transmitted an ACK or not. 

The base station will not provide any subsequent allocations as it expects the MS to be in RDR if it transmitted an ACK.

When the base station provides the UL allocation the V(R) value will indicate whether the MS should retransmit the previous MAC PDU or transmit a new MAC PDU, therefore the MS and base station are kept synchronized.

The probability of failure to successfully receive 2 consecutive DCIs is low, therefore this is unlikely to occur.


7.1.4.7
Paging Procedure
[details omitted]
7.1.4.8
Formats and structures
7.1.4.8.1
DCI Packet Payload

Table 7.1.4.8-1: DCI Packet Payload Elements

	Field
	Description

	DL Number
	The number of scheduled downlink users.

	DL Allocation[]
	List of DL Allocations. One for each scheduled transmission. Included in this field:

- RNTI  (C-RNTI, P-RNTI, RA-RNTI, GFMA-RNTI, or ACK-GFMA-RNTI)

- Channel ID

- MCS

- Start indicator

- Duration

- PDU identification

	UL Number
	The number of scheduled uplink users.

	UL Allocation[]
	List of UL Allocations. One for each scheduled uplink user. Included in the field:

- C-RNTI 

- Channel ID

- MCS

- Start indicator

- Duration

- Acknowledgement information

- Bitmap ACK index: indicate the position of the corresponding ACK/NACK indication in the bitmap ACK field of the DCI following the UL allocation

	RACH Number
	The number of scheduled random access resources.

	RACH Config[]
	List of RACH Configs.  Once for each scheduled random access resource. Included in this field:

- MCS

- Channel ID

- Start indicator

- SZ: Number of slots of RACH: 2SZ * RACH Allocation Unit

	Bitmap ACK field
	The bitmap ACK field for the UL transmissions which are ended between the previous DCI and this DCI

	Previous bitmap ACK field 
	A repetition of the bitmap ACK field in the previous DCI

	Padding
	A variable length padding field.  The length of the field will be set so that the payload is a whole number of octets and the following CRC begins on an octet boundary.


7.1.4.8.2
MAC PDU General structure

[details omitted]
7.1.4.8.3
MAC Control Elements

[details omitted]
7.1.4.8.4
MAC Data Elements

[details omitted]
7.1.4.8.5
MAC PDU (for random access messages of FDMA)

[details omitted]
7.1.4.8.6
MAC PDU (for System Information and Paging)

[details omitted]
7.1.5
Radio resource management

7.1.5.1
System Information

7.1.5.1.1
System Information Distribution

[details omitted]
7.1.5.1.2 
System Information Type
There are four System Information types carried over two physical broadcast channels, as shown in Table 7.1.5.1-1.
Table 7.1.5.1-1: System Information Type

	Type
	Content
	Broadcast channel
	Broadcast Information block type

	System Information Type 1
	- Super frame number

- Indication of the change of other SIs

- PLMN identity

- Cell identity

- Tracking area code (S1 architecture option) or Routing Area ID (Gb architecture option)

- Cell barred (to prevent access to all MS)

- Access control parameters for PLMN to prevent initial access (RACH procedures) by a group of devices

- A threshold for signal level for cell selection

- Indication of existence of system information in EPBCH
	PBSCH
	Broadcast Information block 1

	System Information Type 2
	- RACH configuration including: common RACH allocation and RACH control parameter, 

- DCI configuration for each coverage category

- Default Paging DRX cycle and parameters for the MS to calculate the paging occasions

- Timers and counters for L2/L3 

- Uplink power control
- GFMA-FDMA resource configuration
: Starting point, duration, and physical channel identification of GFMA resource

- GFMA parameters: 
. # of GFMA types each of which has unique MCS, CBS, and preamble configuration

. Arrangement of GFMA types in one GFMA duration
. Guard time between preamble and data

. Length of the sequence of GFMA types

. # of sequences of GFMA types

. MCS: Modulation, code rate, bonding factor, and spreading factor of GFMA types
	EPBCH
	Broadcast Information block 2

	System Information Type 3
	- Network sharing information
	EPBCH
	Broadcast Information block 3

	System Information Type 4
	- Cell reselection parameters

- Neighbour cell information
	EPBCH
	Broadcast Information block 4


7.1.5.1.3
System Information Reading
[details omitted]
	End of Changes
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