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Pseudo CR 45.820 – Narrow band LTE Downlink physical layer design (Update of GP150851)
[bookmark: _Ref177802497]1	Introduction
1.1	Background Information
A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62.
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.
1.2	Reason for change
In GERAN#67, a new system design, i.e., NB-LTE, based on the current LTE system but use only 200 kHz bandwidth is proposed in GP-150779. This document contains the description of the downlink physical layer design. 
1.3	Summary of change
The downlink physical layer design of NB LTE. Updates are highlighted in blue. 
pCR to 3GPP TR 45.820-v1.4.0
7.4.2 	Downlink Physical Layer Design
7.4.2.1 	General description
In NB-LTE, OFDMA is used, and the same subcarrier spacing, OFDM symbol duration, slot format, slot duration, and subframe duration as LTE are adopted. The subcarrier spacing and channel bandwidth of downlink NB-LTE is illustrated in Figure 7.4.2.1-1. It occupies only one LTE PRB, i.e. 180 kHz of transmission bandwidth.
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[bookmark: _Ref425955759]Figure 7.4.2.1-1: A NB-LTE carrier consists of 12 subcarriers with 15 kHz subcarrier spacing.
7.4.2.2	Time-domain frame and slot structure
The DL time units are shown in Figure 7.4.2.2-1. The OFDM symbol duration, slot duration, and subframe duration are exactly the same as LTE. Furthermore, the slot format is exactly the same as that in LTE. Due to the fact that the system bandwidth is one sixth of the smallest LTE bandwidth (6 PRBs), it may be convenient for NB-LTE to introduce a new time unit termed “M-subframe”, which is a collection of 6 consecutive subframes.  The number of resource elements in a NB-LTE M-subframe would be the same as that in a LTE subframe for a 1.4 MHz LTE system.  As shown in Figure 7.4.2.2-1, a radio frame in NB-LTE consists of 10 M-subframes. Thus, a NB-LTE frame is 60 ms long. We will refer to the 60 ms frame as “M-frame”.
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[bookmark: _Ref425955766]Figure 7.4.2.2-1: Time units for downlink NB-LTE.
For NB-LTE, the system bandwidth is only 1 PRB. One can use the time-expansion principle to remap the LTE resource elements in a subframe over 6 PRBs to one M-subframe of NB-LTE. This is illustrated in Figure 7.4.2.2-2.
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[bookmark: _Ref425956363]Figure 7.4.2.2-2: Time-expansion principle for remapping the resource multiplexing scheme of LTE 6 PRBs to NB-LTE.

7.4.2.3	Downlink transport channels
NB-LTE will include all the LTE downlink physical channels, except for PCFICH and PHICH. To be more specific, the following channels are used in NB LTE. 
•	M-PBCH: Used for broadcast essential system information.
•	M-PDSCH: Used for sending downlink UE data and control information.
•	M-(E)PDCCH: Used for carrying downlink control information (e.g. scheduling information.)
•	M-PSCH: Based on PSS and SSS and used for the MS to obtain time and frequency synchronization to the network.

The resource mapping for downlink NB-LTE is shown in Figure 7.4.2.3-1. Here, we highlight the first 3 M-subframes in an M-frame. In summary, this resource multiplexing table is obtained by using the following procedure.
1. Start with LTE resource multiplexing table designed for 6 PRBs
2. Use the time-expansion principle of Fig. 7.4.2.2-2 to map to 1 PRB used by NB-LTE.
3. Give PCFICH and PHICH resources to M-PDSCH
4. Re-arrange PSCH according to subsection 7.4.2.3.3.
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[bookmark: _Ref425956533]Figure 7.4.2.3-1: NB-LTE downlink resource element multiplexing and allocation among different physical channels.
For example, in M-subframe 0 there are resources allocated in M-PBCH, but not in M-subframes 1 and 2. In M-PSCH, SSS and PSS are transmitted M-subframe 1, but not in M-subframes 0 and 2.
Due to the time-expansion principle, the M-PSCH and M-PBCH are distributed across an M-subframe. In case of M-PSCH, it is desirable to reduce the distribution interval and construct the contiguous sequences as much as possible in order to achieve fast synchronization. For example, one can re-arrange the distributed PSS and SSS into contiguous OFDM symbols, as shown in Fig. 7.4.2.3-1.  
Similarly, M-PDCCH ends up being distributed across an M-subframe. To avoid buffering M-PDSCH symbols while receiving M-PDCCH, a forward scheduling method is used for NB-LTE. (Note that the M-PDCCH for NB-LTE can also be designed by applying the time expansion principle to M-EPDCCH.) The M-PDCCH scheduling information given in an M-subframe is applicable to PDSCH that starts at least one M-subframe later. This is similar to scheduling in the LTE MTC enhancements in Rel-13. Considering the compatibility with LTE inband deployment, the M-PDCCH position within a subframe can be located to different OFDM symbols to avoid conflict with PCFICH/PHICH/PDCCH symbols in legacy LTE. Furthermore, although the example in Figure 7.4.2.3-1 shows using M-PDCCH for downlink control information, an alternative solution is to use M-EPDCCH as discussed in the following subsection.
In an M-subframe, the minimum scheduling unit is 1 PRB (1 ms x 180 kHz). Hence, in principle, up to 6 UEs may be scheduled in an M-subframe. Following the principle of LTE, a transport block is mapped to the scheduling units (PRBs) assigned to a UE in one M-subframe. Unlike LTE, these scheduling units now appear in time dimension as shown in Figure (time expansion figure).
7.4.2.3.1	Broadcast channel
In NB-LTE, the essential system information (such as system frame number) for initial access to a cell is carried on M-PBCH. NB-LTE M-PBCH processing procedure follows that of LTE [15] with revised resource mapping tailored to 180 kHz channel. 
The M-PBCH transmission time interval (TTI) is 240 ms, and the transmissions occur in M-subframe 0 in each M-frame. For each of the six subframes in M-subframe 0, M-PBCH uses OFDM symbols 8, 9, 10, 11 (i.e., the first 4 OFDM symbols in the second slot of each subframe).  Figure 7.4.2.3-2 illustrates the NB-LTE M-PBCH structure.
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[bookmark: _Ref426126989]Figure 7.4.2.3-2: PBCH Structure
The NB-LTE M-PBCH processing procedure goes as follows.
1) The number of system information bits is 24. With 16 bit cyclic redundancy check (CRC), the total number of bits before encoding is 40.
2) The 40 bits are encoded with convolutional code and rate matched to the number of available resource elements for M-PBCH. For example, with normal cyclic prefix, 1920 coded bits can be sent in each M-PBCH TTI.
3) The coded bits are scrambled with a cell-specific reference sequence.
4) The scrambled coded bits are segmented into four equal-sized code sub-blocks. Each code sub-block is self-decodable.
5) Each code sub-block is modulated with QPSK and sent in M-subframe 0 in each M-frame.
Since each code sub-block sent in each M-frame is self-decodable, devices in good coverage do not need to receive all the four code sub-blocks to decode system information (see next section for more details). This helps reduce latency and minimize impact on device battery life.
7.4.2.3.2	Downlink common control channel
Omitted
7.4.2.3.3	Synchronization channel
Omitted 
7.4.2.4	 Downlink processing chain
In Figure 7.4.2.4-1, the transmitter processing of LTE PDSCH is shown. M-PDSCH follows the exact same processing as shown in Figure 7.4.2.4-1. The only step that needs to be revised is the mapping of modulated symbol to resource elements.
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[bookmark: _Ref426124779][bookmark: _Ref426124747]Figure 7.4.2.4-1: M-PDSCH transmission
For completeness, we briefly summarize all the steps depicted in Figure 7.4.2.4-1 and provide corresponding references to E-UTRA specifications that describe those steps in detail. 
The CRC is 24-bit long and generated according to [9] using the following polynomial:
gCRC24B(D) = [D24 + D23 + D6 + D5 + D + 1].			(1)
For the performance evaluation in this contribution we consider the LTE convolutional code. As mentioned earlier, the choice between the LTE convolutional code and the LTE turbo code for M-PDSCH is for further study. It is however important to verify that even with the convolutional code, the performance target can be met.
The LTE convolutional code encoder is shown in Figure 7.4.2.4-2.
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[bookmark: _Ref426125532]Figure 7.4.2.4-2: LTE convolutional code encoder.
Rate matching and interleaving is performed according to Figure 7.4.2.4-3, in which the three coded bit streams from the encoder (see Figure 7.4.2.4-2) are independently interleaved before a circular buffer based rate matching process is applied. The details are given in section 5.1.4.2 of [9].
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[bookmark: _Ref426125877]Figure 7.4.2.4-3: Rate matching and interleaving for M-PDSCH. (Based on the same rate matching scheme as LTE)
The encoded bits after rate-matching are scrambled with a scrambling mask generated according to the RNTI associated with the M-PDSCH transmission (see section 7.2 of [15]). The scrambled code word is modulated with QPSK modulation according to the mapping table below. Whether higher order modulations such as 16-QAM and 64-QAM are also supported for M-PDSCH is for further study and depends primarily on the expected difference in terminal complexity.


[bookmark: _Ref426129017]Table 7.4.2.4-1: QPSK modulation mapping
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In the subsequent step, the modulated symbols are mapped to the M-PDSCH resources. Figure 7.4.2.3-1 shows the revised mapping for M-PDSCH. As a general principle, the resource elements mapped to 6x12 subcarriers in 1 ms (1 subframe) in LTE occur on 12 subcarriers over 6x1 ms.
Afterwards, the inverse FFT (IFFT) is applied and a cyclic prefix (CP) is inserted to obtain the transmit signal in the time-domain. We consider the normal CP duration as defined in LTE in our evaluation.
In order to operate efficiently at high maximum coupling loss (MCL), we suggest a bundling scheme which works similarly to the TTI Bundling defined for the LTE PUSCH. In order to increase the robustness of the M-PDSCH, the same transport block is repeated in subsequent M-subframes and the transmission attempts are soft-combined by the receiver. The bundling level is configured by RRC depending on the required coverage enhancement level. 
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