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GPC150407 describes the downlink physical layer design for the converged candidate solution (NB-CIoT) how. This document contains text to be added to TR 45.820 v1.3.1.
First Change
7.3.2 
Downlink Physical Layer Design
7.3.2.1 
Frequency channelization and reuse

A 200 kHz channel is divided into a number of subcarriers and guard bands as shown in Figure 7.3.2.1-1. The fundamental parameters are:

· Subcarrier bandwidth = 3.75 kHz

· Usable subcarriers = 48 = 180 kHz

· Guard bandwidth to adjacent 200 kHz channels at either end = 10 kHz.

The 48 usable subcarriers are numbered from the lowest to highest frequency as 0, 1, .. 47. Subcarrier 23 is the DC subcarrier and will not be used. In addition, subcarriers 15 and 32 are reserved for future enhancement and are not used by normal data and control channels. Consequently, a total of 45 subcarriers are available for data and control channels.

For frequency reuse-1/3, each sector uses a contiguous 15 subcarriers. The subcarriers that are designated to data and control channels will be called allocated subcarriers and they are indexed as 0, 1, 2, …, K, where K=44 for frequency reuse-1, or K=14 for frequency reuse-1/3. 
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Figure 7.3.2.1-1 Downlink channelization

7.3.2.2
Time-domain frame and slot structure

With subcarrier bandwidth 3.75 kHz and FFT length 64, the sampling rate is 240 k samples per second. 

The duration of a frame is 1.28 seconds. A total of 64 frames constitute a super frame and 4096 super frames make up a hyper frame, as shown in Figure 7.3.2.2-1.
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Figure 7.3.2.2-1 Hyper and super frames
A frame is divided into 8 subframes of equal duration and each subframe consists of 32 slots. The last slot of a subframe is always used by the synchronization signal. Each of the remaining 31 slots is composed of 17 OFDMA symbols, as shown in Figure 7.3.2.2-2.
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Figure 7.3.2.2‑2 Downlink frame structure

Each OFDMA symbol, except for the first symbol of a slot, has 70 samples in which the 6 leading samples are the cyclic prefix (CP). The first symbol of a slot has 16 CP samples. The extra 10 CP samples of duration 41.667 us provides the necessary time for transmit/receive switching and AGC adjustment at the MS receiver. The structure of a normal slot is shown in Figure 7.3.2.2-3. 
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Figure 7.3.2.2‑3 Downlink normal slot structure

In the downlink, pilot signals are always transmitted in all the subcarriers allocated to the cell (i.e. 15 subcarriers for 1/3 reuse and 45 subcarriers for 1/1 reuse). Within each normal slot, there are two pilot symbols per subcarrier, separated by exactly 7 data symbols in between. In addition, the first pilot symbol of an even-numbered subcarrier and that of an odd-numbered subcarrier are always separated by 3 symbols in time, and so do the second pilot symbols. The starting symbol index of a pilot symbol is determined by the cell ID and the exact mechanism is FFS. For example, a cell may have symbols 2 and 10 for even-numbered allocated subcarriers and symbols 6 and 14 for odd-numbered allocated subcarriers. This example pilot pattern for a sector allocated with subcarriers around the DC carrier in a frequency reuse-1/3 deployment is illustrated in Figure 7.3.2.2-4.
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Figure 7.3.2.2‑4 Downlink pilot pattern

7.3.2.3
Downlink transport channels

There are 4 different transport channels, and their time and frequency allocations are shown in Figure 7.3.2.3-1. The four downlink transport channels are:

· Physical Synchronization Channel (PSCH) – for initial system time and frequency acquisition. It is transmitted at the last slot of each subframe.
· Physical Broadcast Channel (PBCH) – for network and cell specific configuration information. It occupies 5 contiguous slots in each even-numbered subframe. The number of the first PBCH slot within each even-numbered subframe is determined by the physical cell ID. 
· Physical Downlink Control Channel (PDCCH) –which carries paging, RACH response, DL/UL assignment, ACK to PUSCH. A portion of the subcarriers of all the 31 slots of each odd-numbered subframe is allocated to PDCCH.
· Physical Downlink Shared Channel (PDSCH) – for traffic. Any resource that is not allocated to PDSCH, PDCCH and PBCH can be used by PDSCH.
Within PDSCH, different segments are time/frequency multiplexed depending on resource allocation algorithms. 
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Figure 7.3.2.3-1 Time and frequency allocation of downlink transport channels 

7.3.2.3.1
Broadcast channel

The downlink Physical Broadcast channel (PBCH) carries system information for the cell. In a frame, a total of 4 PBCH resource blocks are allocated, one within each even-numbered subframe. The same message is transmitted 4 times, once in each resource block, to allow large coding gain and time diversity. A PBCH resource block consists of 15 subcarriers and spans 5 slots. 

In the case of frequency reuse-1, the remainder of the subcarriers in the PBCH slots can be used by PDSCH.

A PBCH resource block starts from slot 0 of a subframe. 

	
	
	
	

	
	
	
	


Within each PBCH resource block, 2 slots are used to carry the Primary System Information message and the other 3 slots are used to carry the remaining system information messages. The Primary System Information message carries the frame number hence its content changes every frame, while the contents of the remaining System Information messages are not expected to change every frame. The PBCH modulation and coding is designed to cater for the worst path loss, hence the same channel is received by all mobile stations within a cell. Further details of broadcast information on PBCH will be provided later in a separate document.
The modulation and coding schemes for PBCH are given in Table 7.3.2.3-1. 
Table 7.3.2.3-1 PBCH coding and modulation schemes
	Purpose
	Payload size (Bits)

(including CRC)
	No. of subcarriers
	Number of Slots
	Coding rate
	Modulation
	Repetition

	Carry PSI
	44
	15
	2
	0.098
	BPSK
	4x

	Carry SSIs
	≤72
	15
	3
	<0.11
	BPSK
	4x


7.3.2.3.2
Downlink common control channel
The Physical Downlink Control Channel (PDCCH) carries control messages such as downlink assignment messages, uplink assignment messages, uplink ack/nack and paging information. The PDCCH occupies a number of subcarriers of odd-numbered subframes. PDCCH messages are independently encoded. In addition, the order of the messages within a coverage class resource block are hashed using the MS ID to minimize the number of messages that a MS needs to read. 

The exact mechanism for MS ID hashing is FFS. 

A total of 8 PDCCH configuration formats can be supported and the exact PDCCH configuration format is indicated by the PDCCH configuration bits carried in Primary System Information. One typical PDCCH configuration format is defined as below and additional configuration formats are FFS. It is noted that the resource allocated to PDCCH can be used for data transmission if scheduled by the network.
A PDCCH message has a payload size of 80 bits including CRC. In the first PDCCH configuration, the resource allocated to the PDCCH is divided into 4 coverage classes corresponding to different coupling losses, MCS and required resource for each coverage class is listed in Table 7.3.2.3-3.

Table 7.3.2.3-3 MCS and required resource of a PDCCH message 

	Coverage Class
	1
	2
	3
	4

	Modulation
	QPSK
	BPSK
	BPSK
	BPSK

	Coding rate within a burst
	2/3
	0.444
	2/3
	0.058

	Repetition
	1
	1
	2
	2

	Resource per burst (subcarrier x slot)
	4x1
	4x3
	4x2
	4x23


*Note that the coding rate is calculated based on the assumption of payload size 80 bits. The actual coding rate may be smaller depending on the final decision on the PDCCH payload size.
In the first PDCCH configuration, resource allocation uses 8 subcarriers within each odd-numbered subframe, as shown in figure 2.3-2.
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Figure 7.3.2.3‑2 A typical PDCCH resource allocation among coverage classes.

For coverage class 3 and 4 in this configuration, a message is transmitted with two bursts that are separate by 320 ms (two subframes) to provide additional time diversity. With resource allocation as shown in figure 2.3-2, one message of coverage class 4 and 4 messages of coverage class 3 can be transmitted by repeating in subframes 1 and 3, and another message of coverage class 4 and 4 messages of coverage class 3 can be transmitted using the resource in subframes 5 and 7.  The scheduling intervals of coverage classes 3 and 4 are 4 subframes or 640 ms. Messages of coverage classes 1 and 2 are transmitted in every odd-numbered subframe, each carries 7 messages of coverage class 2 and 10 messages of coverage class 4. The scheduling intervals of coverage classes 1 and 2 are 2 subframes or 320 ms.  A total of 78 PDCCH messages can be transmitted within a frame. The resource allocation and capacity of each coverage class are summarized in Table 7.3.2.3-4.

Table 7.3.2.3‑4 Resource allocation and capacity for PDCCH coverage classes

	
	Coverage Class 1
	Coverage Class 2
	Coverage Class 3
	Coverage Class 4

	Subframes of a scheduling interval
	1,3,5, or 7
	1,3,5, or 7
	1 and 3, or 5 and 7
	1 and 3,or 5 and 7

	Resource allocated per interval

(subcarrier x slot x repetition)
	4x10x1
	4x21x1
	4x8x2
	4x23x2

	Number of scheduling intervals per frame
	4
	4
	2
	2

	Total number of messages (messages per interval x interval)
	10x4
	7x4
	4x2
	1x2


Within a scheduling interval for coverage classes 1 and 2, the mapping from the logical order of a PDCCH message to its physical location in the allocated resource is determined by the frame number. The exact mapping function from logical order to physical order is FFS. 

7.3.2.3.3 Synchronization channel
TBD
7.3.2.3.4
Physical downlink shared channel
The Physical Downlink Shared Channel (PDSCH) carries downlink data packets. A total of 11 MCS are defined to support a wide range of coupling loss. Table 7.3.2.3-5 lists the MCS used by the downlink. Among them, MCS-9 and MCS-10 are optional.

Table 7.3.2.3-5 Modulation and coding schemes for PDSCH

	MCS Index
	Modulation
	Coding Rate
	Repetition

	0
	BPSK
	1/3
	8

	1
	BPSK
	1/3
	4

	2
	BPSK
	1/3
	2

	3
	BPSK
	1/3
	1

	4
	BPSK
	1/2
	1

	5
	BPSK
	2/3
	1

	6
	QPSK
	1/2
	1

	7
	QPSK
	2/3
	1

	8
	8PSK
	2/3
	1

	9
	16QAM
	1/2
	1

	10
	16QAM
	2/3
	1


Depending on the MCS, the transmission of a data packet may consist of 1, 2, 4 or 8 repetitions, and each repetition is called a burst. A transmission gap of several slots can be inserted between each data burst as signalled by the corresponding PDCCH message. Otherwise, each burst will be assigned a consecutive resource block unless it is broken by PSCH and PBCH. 

The minimal scheduling unit is 1 slot. Depending on the MCS, a number of coding block sizes (CBS) are allowed. For each MCS and CBS, N=1, 2 or 4 subcarriers can be used. The exact transmit format of a data packet is therefore defined by its MCS, CBS and number of tones allocated. The transmit format is signalled by the corresponding PDCCH message.

The allowed transmit formats for PDSCH is listed in Table 7.3.2.3-6.

Table 7.3.2.3-6 Coding and block sizes for PDSCH

	MCS Index
	CBS Index
	CBS 
(Bits)
	Burst Duration 
(Slots, 5ms)

	0
	0-5
	(CBS_index+1)*200
	(CBS_index+1)*40/N*1

	1
	0-5
	(CBS_index+1)*200
	(CBS_index+1)*40/N

	2
	0-5
	(CBS_index+1)*200
	(CBS_index+1)*40/N

	3
	0-5
	(CBS_index+1)*200
	(CBS_index+1)*40/N

	4
	0-5
	(CBS_index+1)*210
	(CBS_index+1)*28/N

	5
	0-13
	(CBS_index+2)*80
	(CBS_index+2)*8/N

	6
	0-9
	(CBS_index+1)*120
	(CBS_index+1)*8/N

	7
	0-13
	(CBS_index+2)*80
	(CBS_index+2)*4/N

	8
	0-9
	(CBS_index+1)*120
	(CBS_index+1)*4/N

	9
	0-9
	(CBS_index+1)*120
	(CBS_index+1)*4/N

	10
	0-7
	(CBS_index+1)*160
	(CBS_index+1)*4/N


* N=1,2,or 4 is the number of subcarriers.
7.3.2.4
Transmit chain for downlink channels

The transmit chain of PBCH, PDCCH and PDSCH is depicted in Figure 7.3.2.4-1. 
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 Figure 7.3.2.4-1Transmit chain for PBCH, PDCCH and PDSCH

PSCH occupies all the available 180 kHz bandwidth and time division multiplexed with other multi-carrier downlink channels. The transmit chain of PSCH is shown in Figure 7.3.2.4-2.
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Figure 7.3.2.4-2PSCH transmit chain

The pulse shaping filter for PSCH is FFS.

7.3.2.4.1
Downlink CRC calculation

Parity bits are generated by one of the following cyclic generator polynomials:

gCRC16(D)= [D16 + D12 + D5 + 1]

gCRC8(D) = [D8 + D7 + D4 + D3 + D + 1]

The parity bits p0, p1, pk, k=7 or 15 are appended sequentially to the end of the PDU.

7.3.2.4.2
Downlink FEC and interleaving

The downlink encoding and interleaving is depicted in Figure 7.3.2.4-3.
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Figure 7.3.2.4-3 Downlink encoding and interleaving

The tail biting convolutional code defined in §5.1.3.1 of 3GPP TS 36.212 [4] is used as the basis of downlink coding. The encoder will be initialized by the last 6 information bits of the input stream. The output parity streams of the rate-1/3 encoder, d0(k), d1(k), d2(k), k=0, 1, …,2, …, correspond to generator polynomials 171, 133, 165, respectively.  

In addition to rate 1/3, three other base coding rates, 1/2, 2/3 and 3/4, are obtained by puncturing the rate 1/3 encoder output streams. 

· For coding rate 1/2, d0(k) and  d1(k) for any k are transmitted; d2(k) for any k are not transmitted. 

· For coding rate 2/3, d0(k) for any k are transmitted; d1(k) for k=0, 2, 4,… are transmitted; d2(k) for any k are not transmitted.

· For coding rate 3/4, d0(k) for k=0, 3, 6,… are transmitted; d1(k) for k=1, 2, 4,5, … are transmitted; d2(k) for any k=0,3,6,… are transmitted.

Defining ones in a puncturing pattern to indicate the bits in corresponding positions that are transmitted, and defining zeros to indicate the bits that are not transmitted, the puncturing patterns are given in Table 7.3.2.4-1.

Table 7.3.2.4-1 Puncturing patterns

	Rate\Parity Stream
	0
	1
	2

	1/2
	[1]
	[1]
	[0]

	2/3
	[1,1]
	[1, 0]
	[0,0]

	3/4
	[1,0,0]
	[0,1,1]
	[1,0,0]


The sub-block interleaver defined in clause 5.1.4.2.1 of 3GPP TS 36.212 [4] is used to interleave the three output streams, respectively.

7.3.2.4.3
Rate matching

Rate matching is used to match the number of coded bits to the capacity of the allocated resource block of a burst. For a given resource capacity, the base coding rate is determined as the smallest base rate that is larger than the coding rate indicated by the modulation format and resource capacity. The output encoded bit stream with one of the base coding rate is then sent to rate matching. Rate matching includes bit collection of the three interleaved streams, v0(k), v1(k), v2(k), and bit selection and pruning, as defined in clause 5.1.4.2.2 of 3GPP TS 36.212 [4].
7.3.2.4.4
Constellation mapping

BPSK, QPSK, 8PSK, and 16QAM with Gray-mapping are used for downlink modulation. 

7.3.2.4.5
Mapping to Physical Resource Block

Complex symbols after constellation mapping are mapped to a physical resource block by increasing order of firstly the index of subcarriers and secondly the index of symbols, excluding resource elements allocated to pilots.

7.3.2.5
Downlink hopping scheme

Frequency hopping can be used to randomize interference. Downlink frequency hopping is optional. 

When enabled, downlink hopping applies to both PDSCH and PDCCH. The duration of a downlink hopping interval can be 4 slots (20 ms) or 8 slots (40 ms), signalled by PBCH.

Downlink hopping scheme is similar to LTE type 2 PUSCH frequency-hopping. The hopping is determined by dividing the available [image: image14.png]NEE: ..



 downlink subcarriers into [image: image16.png]NI



 number of downlink sub-bands, where each sub-band consists of [image: image18.png]Nooor = |NZh . /INEE]




 consecutive subcarriers.  The number of sub-bands [image: image20.png]NI



 is given by higher layers, and will be chosen such that the size of a sub-band is at least equal to the maximum number of (consecutive) subcarriers that can be allocated to a transmission block. The definition of such sub-bands allows for two levels of hopping: (a) inter-sub-band hopping, and (b) intra-sub-band hopping.

The scheduling assignment in PDCCH allocates a set of (virtual) subcarrier indices [image: image22.png]Nys



 to the transmission of a block of complex symbols. Note that the size of  [image: image24.png]Nys



 will be smaller than or equal to [image: image26.png]Nooo



. The set of physical subcarriers [image: image28.png]npg(n,)



to be used for the transmission of this block in slot [image: image30.png]


 is determined by the given scheduling assignment [image: image32.png]Nys



 and a predefined hopping pattern as follows,
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 respectively determine intra-sub-band and inter-sub-band hopping. The two hopping functions are defined as below based on a pseudo-random sequence [image: image39.png]c(n)
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	Pseudo-random Sequence Definition

	[image: image48.png]C(n) = (xy(n + 1600) + x,(n + 1600) ) mod 2




[image: image49.png]x(n+31)





[image: image50.png]vy (n+31)





[image: image51.png]x,(0) =1,x,(n)





[image: image52.png]Conie = z:nxi(n). 2






End of Change

Page 13 of 13

_1495611011.vsd
0


1


4095


1 hyper-frame = 1024 super-frames = 23 h 18m 6s 80 ms


0


1


63



_1496397375.vsd
Physical subcarrier 16, allocated subcarrier 0


Physical subcarrier 17, allocated subcarrier 1


Physical subcarrier 22, allocated subcarrier 6


Physical subcarrier 24, allocated subcarrier 7


Physical subcarrier 30, allocated subcarrier 13


Physical subcarrier 31, allocated subcarrier 14


DC  subcarrier 


Slot


Subcarrier


Data Symbol


Pilot Symbol



_1497182093.vsd
0


1


1023


1 hyper-frame = 1024 super-frames = 23 h 18m 6s 80 ms


0


1


63



_1497211230.vsd
Subframe


PSCH (1 slot)


PBCH (5 slots)


PDCCH (5 slots)


PDSCH


Frequency


Time



_1496397457.vsd
CC4 
(4x23)


CC3 
(4x8)


CC4 
(4x23)


CC3 
(4x8)


Subframe 1


Subframe 3


Subframe 5


Subframe 7


CC4 
(4x23)


CC3 
(4x8)


CC4 
(4x23)


CC3 
(4x8)


CC2 
(4x21)


CC1 
(4x10)


CC2 
(4x21)


CC1 
(4x10)


CC2 
(4x21)


CC1 
(4x10)


CC2 
(4x21)


CC1 
(4x10)



_1495622765.vsd
Subframe


PSCH (1 slot)


PBCH (5 slots)


PDCCH (31 slots)


PDSCH


Frequency


Time



_1495463689.vsd
0


1


2


3


4


5


6


7


1 frame = 8 subframes = 1280 ms


0


1


30


S


160 ms


17 symbols


5ms



_1495524869.vsd
FEC & Interleaving


Rate Matching


Constellation Mapping


Physical Resource Mapping


IFFT & CP


CRC


Scrambling



_1495525786.vsd
SSS1
Sequence 


SSS2
Sequence 


Concatenation
[PSS SS1 SS2 ]


2x upsampling & pulse shaping


Add 2 ramp-up and 2 ramp-down samples


PSS Sequence Generator 


1200 Samples



_1495475496.vsd
CP of symbol 0: 16 samples; CP of symbols 1 to 16: 6 samples; data: 64 samples.



_1495461275.vsd

