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Pseudo CR 45.820 – Narrowband LTE Uplink Physical Layer Design
[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 uplink physical layer design. 
1.3	Summary of change
The uplink physical layer design of NB-LTE. Updates are highlighted in red. 
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7.7A.4.3 	Uplink Physical Layer Design
7A.4.3.1 	General description
Uplink NB-LTE is based on SC-FDMA, which allows flexible UE bandwidth allocation including single tone transmission as a special case of SC-FDMA. One important aspect for uplink SC-FDMA is to time-align multiple co-scheduled UEs so that the difference in arrival time at the eNB is within the cyclic prefix (CP). Ideally, also for UL 15 kHz sub-carrier spacing should be used in the NB-LTE, but considering the time-accuracy that can be achieved when detecting the PRACH from UEs in extremely poor coverage condition, the CP duration might need to be increased. One way to achieve that is to reduce the subcarrier spacing by a factor of 6giving rise to 2.5 kHz subcarrier spacing for NB-LTE M-PUSCH. Another motivation for reducing the subcarrier spacing is to allow a higher degree of user multiplexing. For example, one user  is basically allocated with one single subcarrier.. 
NB-LTE uplink contains three basic channels including M-PRACH, M-PUCCH, and M-PUSCH. 
The design of M-PUCCH has at least three alternatives under discussion: one tone at each edge of the system bandwidth;  to send UL control information on M-PRACH or M-PUSCH; or to have no dedicated UL control channel.7A.

7A.


7A.4.3.2	Time-domain frame and slot structure
With 2.5 kHz subcarrier spacing, a radio frame and subframe in uplink NB-LTE are 60 ms and 6 ms, respectively. Like in the case of NB-LTE downlink, we refer to these as M-frame and M-subframe, respectively. Figure 7A.4.3.2-1 visualizes how the uplink numerology is stretched in time domain. The NB-LTE carrier comprises of 6 PRBs in frequency domain. Each NB-LTE PRB contains 12 subcarriers. The resulting uplink frame structure based on 2.5 kHz subcarrier spacing is illustrated in Figure 7A.4.3.2-2.

[image: ]
[bookmark: _Ref426292669]Figure 7A.4.3.2-1: Stretching uplink numerology in time domain and 
thereby reducing subcarrier spacing from 15 kHz to 2.5 kHz
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[bookmark: _Ref425929435]Figure 7A.4.3.2-2: Time units for uplink NB-LTE based on 2.5 kHz subcarrier spacing.

7A.4.3.3 Uplink transport channels
7A.4.3.3.1   Physical random access channel
In NB-LTE, random access serves multiple purposes such as initial access when establishing a radio link, scheduling request, etc. Among others, a main objective of random access is to achieve uplink synchronization, which is important for maintaining the uplink orthogonality. Due to the reduced bandwidth in NB-LTE, new Random Access Preambles are designed for NB-LTE. (3GPP TS 36.300 )
7A. (in the case of M-PUCCH is configured, six edge subcarriers are reserved) 
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7A.4.3.3.2   Uplink shared channels
With the time expansion principle there are still 6 PRBs per M-subframe that can be allocated to the M-PUSCH of up to 6 UEs. The provisioning of the corresponding downlink control information as well as a bundling-scheme for spanning an M-PUSCH transport block across multiple M-subframes is described subsection 7A.4.2.3.2. As for the M-PDSCH we conclude there that an EPDCCH based design will be favourable for providing the uplink grants to the UE. Figure 7A.4.3.3-4 shows that the M-EPDCCH structure outlined in subsection 7A.4.2.3.2 is also well-suited to allocate these M-M-PUSCH resources. 
[image: ]
[bookmark: _Ref426294494]Figure 7A.4.3.3-4: Scheduling M-PUSCH resources by M-EPDCCH
Without any changes, the DCI formats for scheduling the LTE M-PUSCH could be re-used to assign M-PUSCH resources on a NB-LTE carrier. As mentioned above, it is however desirable to allocate even narrower resources for UEs in bad channel conditions. Due to the time domain expansion a PRB covers now 30 kHz bandwidth, i.e., 12 subcarriers of 2.5 kHz each. Consequently, the smallest scheduling unit of the M-PUSCH is 6 ms (1 M-subframe) in time- and 1 subcarrier (2.5 kHz) in frequency domain. To achieve this, the M-EPDCCH needs to support the additional granularity. 
As for the downlink, a single M-subframe is not sufficient for the M-PUSCH to carry a transport block of reasonable size. Therefore, multiple subsequent M-subframes are bundled and the receiver (eNB) accumulates the M-PUSCH across all these M-subframes. This in combination with the robust M-EPDCCH transmission is depicted in Figure 7A.4.3.3-5. 
[image: ]
[bookmark: _Ref426296408]Figure 7A.4.3.3-5: Scheduling M-PUSCH resources by M-EPDCCH in extreme coverage
7A.4.3.4   Uplink processing chain
In NB LTE, single tone transmission is used for M-PUSCH to minimize the PAPR and hence to improve coverage. M-PUSCH processing is shown in Figure 7A.4.3.4-1. 
gCRC24B(D) = [D24 + D23 + D6 + D5 + D + 1].			(1)

[image: ]
[bookmark: _Ref426226208]Figure 7A.4.3.4-1: M-PUSCH processing. 
The CRC generation uses the same polynomial as that for generating the CRC for M-PDSCH, see Equation (1) in 7A.4.2.4. Channel coding is based the LTE turbo code encoder shown in Figure 7A.4.3.4-2. 
[image: ]
[bookmark: _Ref426226229]Figure 7A.4.3.4-2: The LTE turbo encoder used for M-PUSCH.
Interleaving and rate matching is the same as M-PDSCH, with the details given in section 5.1.4.1 of [9]. The encoded bits after rate-matching are scrambled with a scrambling mask generated according to the RNTI associated with the M-M-PUSCH transmission, see section 7A.2 of [3]. The scrambled code word is modulated with BPSK or QPSK modulation according to the mapping tables in Table 7A.4.3.4-1 and Table 7A.4.2.4-1, respectively.
[bookmark: _Ref426226288]Table 7A.4.3.4-1: BPSK modulation mapping
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The modulated symbols are grouped into the subcarriers that are allocated to an M-PUSCH. 
In case of single tone transmission, transform precoding in Figure 7A.4.3.4-1 is bypassed and a group of MF tones is indicated by the eNB, where MF = 1, 2, 4, or 8. If only a single tone is indicated, i.e., MF = 1, the indicated tone is used for M-PUSCH transmission. Otherwise, each set of log2MF + log2MQ bits determines a combination of a transmitted tone among the MF tones and a modulation symbol, where MQ corresponds to the modulation order, e.g., 2 for BPSK and 4 for QPSK. 
For the multi-tone transmission, the transform precoding is applied to each group as described in section 5.3.3 of [15] to obtain so-called frequency-domain symbols (a.k.a., SC-FDMA). 

Thereafter, the th baseband time-continuous signal is generated based on frequency-domain symbols as described below. 

	











for where,  is the number of subcarriers allocated to M-PUSCH, , ,  and  is the frequency-domain symbol on subcarrier  of the th symbol. Table 7A.4.3.4-3 lists the values of that shall be used. For the special case of , The th baseband time-continuous signal is generated based on frequency-domain symbols as described below. 

			
[bookmark: _Ref426130341]Table 7A.4.3.4-3: Uplink CP length.
	Configuration
	
Cyclic prefix length 

	Normal cyclic prefix
	








Note that both equations (2) and (3) are essentially the same as how LTE SC-FDMA baseband signal is generated according to [15], except for different parameters such as subcarrier spacing (), sampling time (), CP values, number of time-domain samples before CP insertion (N), and number of subcarriers that can be allocated to M-PUSCH.
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