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1 Introduction

This document proposes some miscellaneous corrections for NB M2M physical layer, including the following:

· In [1] it was proposed to change the max super frame number to 65535, but this was not captured in the draft TR. This is now corrected.
· In [2]  it was proposed to change the contents of the broadcast burst. However, Figure 7.1.2-4 was mistakenly implemented. This is now corrected.
· Different terms (“MS”, “MTC device”, and “UE”) are currently used for a “device”. It is proposed to align the terminology to “UE”.
2 Proposed text for the TR
	First Change


7. 
Physical layer aspects and radio access protocols for clean slate concepts
7.1
Narrow Band M2M (NB M2M)

 [details omitted]
7.1.2
Downlink physical layer design

7.1.2.1
Basic transmission scheme

7.1.2.1.1
Multiplexing scheme
7.1.2.1.1.1
 Channelization
[details omitted]
7.1.2.1.1.2
Time structure
The proposed time structure for the downlink is illustrated in Figure 7.1.2-2.
The longest recurrent time period of the time structure is called a hyperframe and has a duration of 335544320ms (or 93 h 12 mn 24 s 320 ms).

One hyperframe is subdivided into 65536 superframes which each have a duration of 5120 ms. Superframes are numbered modulo this hyperframe (superframe number, or SFN, from 0 to 65535).
One superframe is subdivided into 64 frames which each have a duration of 80ms. Frames are numbered modulo this superframe (frame number, or FN, from 0 to 63). A frame is the time unit for transmission of the broadcast signal and synchronization information on PBSCH. One frame is also the minimum interval between transmissions of successive downlink control information (DCI) bursts on PDSCH.
One frame comprises eight slots which are numbered modulo this frame (slot number, or SN, from 0 to 7). One slot lasts 10 ms and is the minimum scheduling unit on PDSCH. Unlike in GSM, the eight slots in one frame belong to the same physical channel.
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Figure 7.1.2-2.  Downlink time structure
7.1.2.1.1.3
Burst structure
A burst is an instantaneous transmission of data over a physical channel with a variable duration of one or more slots. There are four types of bursts in the downlink:
1)
Synchronization and broadcast burst. This burst is transmitted on PBSCH and is used for frequency and time synchronization and for basic system information broadcasting. It has a duration of one frame and contains 640 symbols for synchronization sequences and 320 symbols for broadcast information block 1.
2)
Broadcast burst. This burst is transmitted on EPBCH and is used for extended system information broadcasting. It has a duration of eight frames and contains 7680 symbols: 2880 symbols for broadcast information block 2, 2880 symbols for broadcast information block3 and 1920 symbols for broadcast information block 4.
3)
DCI (downlink control information) burst. This burst is periodically transmitted on PDSCH and is used to carry cell-specific (e.g. random access resource indicator) or MS-specific control information (e.g. scheduling information) for both the uplink and the downlink. It comprises a fixed-length part with a duration of 3 slots and a variable-length part. The reason for a variable length is that the amount of scheduling information is variable depending on the number of users being scheduled. The length of variable-length part is indicated in the fixed-length part.
4)
Non-DCI burst type 1. This burst is transmitted on PDSCH and is used to carry data and signalling information for higher layers. It has a duration of an integral number of slots, each containing 120 symbols. The length of this burst is indicated in the scheduling information.
The structure of the synchronization and broadcast burst is shown in Figure 7.1.2-3, and the structure of the broadcast burst is shown in Figure 7.1.2-4.
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Figure 7.1.2-3.  Synchronization and broadcast burst
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Figure 7.1.2-4.  Broadcast burst
The structure of the fixed-length part of a DCI burst is shown in Figure 7.1.2-5. A 20-bit preamble is inserted at the beginning of the burst to facilitate re-synchronization of MSs on wake-up from short DRX/DTX. Pilot symbols are inserted at regular intervals into the stream of data symbols, using 2 pilots for every 8 data symbols, to enable channel tracking and so coherent demodulation. Both preamble symbols and pilot symbols can be used for signal quality measurements.
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Figure 7.1.2-5.  Fixed-length part of a DCI burst
Non-DCI burst type 1 and the variable-length part of a DCI burst share the same structure which is shown in Figure 7.1.2-6. The number of slots (i.e. N1) is indicated in the fixed-length part of the corresponding DCI burst. Pilot symbols are inserted in the same way as for the fixed-length part of a DCI burst (see Figure 7.1.2-5).
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Figure 7.1.2-6.  Non-DCI burst type 1 or the variable-length part of a DCI burst
Depending on the intended coverage level, a burst may be repeated a number of times when being transmitted in order to support reception in poorer link budget conditions.
	Second Change


7.1.2.2
 Physical layer procedure

7.1.2.2.1
Cell search procedure

Cell search is the procedure by which a MS acquires time and frequency synchronization with a BS and detects the cell ID of that cell.  

The cell search is assumed to be based on two signals transmitted in the downlink, the "PSS" (Primary Synchronization Signal) and "SSS" (Secondary Synchronization Signal) which are included in the PBSCH (Physical Broadcast Synchronization Channel). The PSS and SSS are defined by time-domain sequences as described in subclause 7.1.2.1.2.4 and 7.1.2.1.2.5, respectively.
The cell search procedure consists of 4 operations: signal detection, symbol timing and carrier frequency synchronization acquisition, frame timing, and physical cell ID identification.

The basic cell search procedure is illustrated in Figure 7.1.2-13.
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Figure 7.1.2-13. Basic cell search procedure

7.1.2.2.1.1
Signal detection

The MS searches for a viable BS carrier when it initially switches on, when it fails to operate with its previous BS carrier, or when it wishes to check for a higher signal strength BS carrier. The searching is implemented based on the detection of the PSS/SSS. The center frequency of the PBSCH containing PSS/SSS satisfies the channelization condition described in subclause 7.1.2.1.1.1. 
7.1.2.2.1.2
Symbol timing and carrier frequency synchronization acquisition

Symbol timing and carrier frequency are acquired by correlation based detection of PSS/SSS. 

Typically, symbol timing is derived from the PSS while frequency synchronization (carrier frequency offset estimation) is derived from the SSS. The PSS may also be used to obtain a coarse estimate of the carrier frequency offset (CFO) based on the phase of the correlation peak. The accuracy of CFO estimation may then be improved by using the SSS. Differential detection may be applied to the PSS sequence to mitigate the negative impact of phase rotation on the correlation performance due to large initial CFO.

Cross-correlation and/or auto-correlation may be used for PSS/SSS based symbol timing and CFO estimation, providing different trade-offs between implementation complexity and performance in low SNR. 

7.1.2.2.1.3
 Frame timing

Frame timing is directly derived from the PSS/SSS since the PSS/SSS is only transmitted once in every frame. 

7.1.2.2.1.4
 Physical cell ID identification

A physical-layer cell ID (PCI) is introduced for each cell to facilitate network planning (e.g. frequency re-use) and cell-specific operation (e.g. scrambling, frequency hopping and etc.). 

There are 36 unique PCIs in the system. The PCIs are grouped into 12 unique PCI groups, each group containing three unique identities. The grouping is such that each PCI is part of one and only one PCI group. A PCI 
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The PCI
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within the PCI group is associated with the scrambling sequence masked on PSS while the PCI group index
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is associated with the scrambling sequence masked on SSS. 

The MS first tests the 3 PSS scrambling sequences to identify
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within the PCI group, and then the device tests the 12 SSS scrambling sequences to identify the PCI group index
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. By this hierarchical and grouping design, the maximum number of hypothesis tests to identify a PCI is reduced from 36 to 15.

7.1.2.2.2
 Alternative design for cell search procedure

In the cell search procedure, the MS achieves time and frequency synchronization with the BS of a cell and identifies the unique cell ID of that cell. As an alternative to the procedure detailed in subclause 7.1.2.2.1, cell search is performed by using two signals transmitted in the downlink: Synchronization sequence (SS) and Cell Identification Sequence (CIS), which are included in the Physical Broadcast Synchronization Channel (PBSCH). The SS and CIS are time domain sequences as described in subclauses 7.1.2.2.2.1 and 7.1.2.2.2.2. An alternative design for the Frame Index Indication Sequence (FIIS) used in the PBSCH is given in subclause 7.1.2.2.2.3. The SS, CIS and FIIS are transmitted once in every frame. The different signals constituting the downlink synchronization sequence is shown in figure 7.1.2-14. 
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Figure 7.1.2-14 Structure of PBSCH

When the MS is powered on, it first searches for a viable BS carrier, if it fails to operate with its previous BS carrier. The searching is implemented based on the detection of the SS. The SS is used to perform both time synchronization and frequency offset correction for the decoding of the following frames. After the synchronization to the network is achieved, the device uses the CIS to identify the cell ID and the FIIS to identify the frame number.

7.1.2.2.2.1
Symbol timing and carrier frequency synchronization acquisition

Symbol timing and carrier frequency synchronization are attained by correlation based detection of the SS. A differential encoding of the SS is performed to overcome the effects of phase rotation of the symbols caused due to the initial CFO. 

The SS is a length 410 differentially encoded Zadoff Chu sequence, and is defined as
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The symbol timing is first estimated by performing a correlation between the differentially decoded received signal and 
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. The position of the peak gives the symbol timing as well as the frame timing, since the SS is transmitted only once in a frame. After the symbol timing estimation, the carrier frequency offset is estimated by locating the position of the peak obtained after performing a correlation between the Fourier transforms of the part of the received signal belonging to SS and 
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7.1.2.2.2.2
Physical Cell Identification

Every BS in a cell is assigned a unique cell identification number or cell ID in order to facilitate network planning and cell specific operations. There are 100 unique PCIs given by 100 different CIS, each of which is defined by a Zadoff Chu sequence of length 101. Hence up to 100 different cell IDs can be supported in the system.

The length 101 CIS for the 
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The MS tests each of the 100 different CIS and selects the one that gives the highest correlation.
7.1.2.2.2.3
Frame Index Indication Sequence

The FIIS
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 cell is given by a length-127 scrambled Zadoff Chu sequence, where the scrambling sequence is specific for a particular cell. 
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 denotes the BPSK modulated scrambling sequence 
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, which is the length-31 Gold sequence generator described in subclause 7.1.2.1.2.3 and initialized with the PCI index corresponding to a cell.
7.1.2.2.3
Downlink measurement
The application scenarios for the downlink measurement are cell selection/reselection, scheduling and link adaptation, power control, and coverage class selection. More scenarios may need to be supported in future as new applications and requirements emerge. 

7.1.2.2.3.1
Measurement behavior

PSS/SSS in PBSCH are normally used for downlink measurement, but the preamble and pilot signals in PDSCH can also be used if the MS can reliably determine their locations. Measurements are typically performed periodically and events are defined to trigger the measurements. The measurement configuration parameters (e.g. the duration  of each measurement) should be set to values that are compatible with the supported DRX and/or PSM modes. Results are determined based on the measurements performed on the physical channels, and then the results are filtered and reported to the higher layers.
7.1.2.2.3.2
Measurement report

The measurement results are reported by the higher layers of the MS as two quantities:

-
Synchronization Signal Received Power (SSRP): The SSRP is defined as the linear average over the power contributions (in [W]) of the received signals that carry cell-specific synchronization signals within the PBSCH channel. For SSRP determination, the cell-specific PSS or/and SSS signals will be used. The reference point for the SSRP will be the antenna connector of the MS.

- 
Traffic Channel Quality Indicator (TCQI): The TCQI indicates the preferred combination of modulation scheme, code block size, spreading factor and repetition factor for the PDSCH transmission from the perspective of the MS. The TCQI is derived from the measurements assuming the PDSCH can be received with a code block error probability not exceeding the target value.

The measurement results are reported only when certain reporting criteria are met.

7.1.2.2.4
Downlink power allocation
It is beneficial to allow for the adjustment of the power level for each dedicated downlink physical channel, while maintaining a maximum total downlink power over all channels per cell sector, in order to optimize performance for different interference environments and coverage requirements. The base station determines the power level per downlink physical channel, and this power level is not expected to vary frequently. If a PSD limitation will be applied to the base station transmissions, then this is taken into account by the base station when determining the downlink power allocation.  
7.1.2.2.5
Downlink frequency hopping
Downlink frequency hopping, if enabled, is performed over the set of allocated downlink channels for the base station sector. Downlink frequency hopping may be applied to PDSCH, but is not applied to the broadcast physical channels, PBSCH and EPBCH. 

If downlink frequency hopping is enabled,  a configurable frequency hopping interval in the time domain is applied to all MSs that are operating in the base station sector. The duration of the hopping interval is broadcast within the system information.  A number of factors, such as symbol rate, pilot pattern, DCI interval, etc., could be taken into account in the determination of the appropriate hopping interval.
A downlink burst transmission is mapped to a number of hopping intervals according to the burst configuration, though the burst does not necessarily occupy the entire hopping interval for the first and last intervals.

The allocated downlink channels, excluding PBSCH and EPBCH, are sorted in an ascending order of channel index, and then a sorted set of M channel indices
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) is obtained, where M is the number of allocated downlink channels in the base station sector, and N is the total number of channels supported over the available frequency band. 

In the frequency domain, a virtual channel for the burst transmission will be derived based on  scheduling information, broadcast information, base station sector specific information, etc. The index of the virtual channel is denoted as ICH. Given the burst mapping to the frequency hopping intervals and the index of the virtual channel ICH, the index of the channel which is physically occupied at the kth hopping interval within a frequency hopping cycle is derived according to:
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where k=0, 1, …L-1 and L is the number of hopping intervals supported within a frequency hopping cycle. The hopping step ∆F is signalled by the broadcast information elements within the system information.  

The frequency hopping algorithm is reset at the start of every hyper-frame even if this occurs partway through a burst transmission. 

	Third Change


7.1.3.2
Physical layer procedure

7.1.3.2.1
Uplink synchronization
The start timing of each uplink transmission from the MS is aligned to the estimated timing of the downlink synchronization signals in PBSCH (PSS/SSS) and may also be refined based on the estimated timing of the preamble and pilot symbols in subsequent PDSCH bursts. A guard period could be inserted, if needed, at one end of each uplink burst in order to avoid potential for a collision with a previous burst from a different MS on the same physical uplink sub-channel, even with a worst case difference in round trip delay between the two MSs. 

The uplink time of arrival (ToA) for a given MS is 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. 
7.1.3.2.2 
Uplink power control
This section describes the procedure for open loop uplink power control. Closed loop uplink power control could be supported in the future, if needed, using a power control field contained in downlink dedicated signalling. The setting of the uplink PUSCH transmit power[image: image41.wmf]PUSCH
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is the maximum allowed power that is configured by higher-layer signalling. 
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-     j=0 is used for UL-SCH transmissions, and 
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 EMBED Equation.3  [image: image49.wmf](

)

0__

0

UEPUSCH

P

 are configured by higher layer signalling. 
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 is set to zero if no higher layer signalling for 
-     j=1 is used for RACH transmissions, 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 
[image: image61.wmf]0

MCS

P



 and  are provided by higher layers. 
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, where  is the power offset for RACH with MCS of index 
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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.
	End of Changes
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