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1. Introduction
The study item of “Cellular system support for ultra low complexity and low throughput Internet of Things” (FS_IoT_LC) [1] is open to both non-backward compatible design and backward compatible design with respect to GSM/EDGE. In the corresponding TR 45.820 [2], so far three clean-slate solutions have been described: narrow band M2M (NB-M2M), narrow band OFDMA (NB-OFDMA) and narrow band cellular IoT (NB-CIoT). There is no conclusion on which solution(s) can fulfill the objectives set by the SI.
A Work Item, as the sequel of FS-IoT_LC, is expected to start in September and be finished within Rel-13 time frame. The standardization work will be carried out in RAN per 3GPP PCG’s decision [3]. Considering the limited time for the WI completion, it is highly desirable that CIoT designs can be based on LTE which has proven records, as opposed to pure green-field approaches that may require extra effort to handle unforeseen issues. With RAN leading the work, it is natural to include more flavours of LTE to CIoT so that the proposals can be thoroughly evaluated by LTE experts who account for the majority of the delegates in RAN. This is important to maintain a high quality of the standardization work in short time window. 
In this contribution, we propose a LTE PHY based CIoT, focused on resource unit for allocation, spreading and some physical control channel aspects. 
2. Resource Unit for Allocation  
CIoT is featured by the extremely stringent requirement for coverage and low cost implementation of terminals. All these lead to very narrow band operation. Therefore, from resource scheduling aspect, the granularity should be characterized by narrow band as well. 

Another important aspect is spreading. Coding spreading has been widely used in 3G for both downlink and uplink. In the downlink, since the multi-user signal arrives at a UE at the same time (if fast fading delay spread is ignored), Walsh code based orthogonal spreading is adopted to maintain the resource orthogonality between users within the serving cell. In the uplink, the spreading is often non-orthogonal, but with low cross-correlation. In 4G, spreading is used in some channels, e.g., in PUCCH UCI format 1/1A. There were some proposals on enhancing LTE coverage [4] to improve the link budget of UL VoIP.
In general, code spreading has demonstrated to be a cost effective technique to improve the performance. With respect to CIoT featured by narrow band operation, code spreading has the following merits:

· To have more processing gain. Spreading is an effective way to improve the SNR at the input to demodulation and decoding, which is very useful when devices are in very poor geometries, or the transmit power is very limited due to the power saving considerations, etc. In the case, it is preferred to spread the resources in time domain so that the link budget can be increased proportionally in general.

· Can make inter-cell interference smoother. For CIoT, other cell interference may still be a key factor that affects the performance, even though the coverage is a main concern. When the code spreading is applied, the chip-level interference is added up during the de-spreading at the receiver. According to Central-limit theorem, the statistics of the summed interference get close to Gaussian distribution, although statistics of each chip-level interference may not be Gaussian. This interference “whitening” would allow the demodulator and the decoder to work more effectively. 
In the downlink, base station has more power and can afford more expensive power amplifier, etc., the resource allocation granularity in frequency domain can be wider compared to the uplink. Hence we propose 15x12 = 180 kHz for each user which equals to one physical resource block (PRB) of LTE, as illustrated in Fig. 1. Time domain granularity for resource scheduling has to be considerably longer than that of LTE. We propose 6 ms time domain granularity of the downlink if spreading is not applied. This corresponds to basic allocation unit. When code spreading is applied, more resources are needed according to the spreading factor. To maintain good coverage and low peak to average ratio, extra resources should be concatenated in time. Therefore, the allocation unit in time domain is 6ms*N, where N is the spreading factor. In Fig. 1, there are 6 codes spanning in code domain. Note that these codes may not be orthogonal, meaning that the size of code domain, denoted as M, can be larger than the spreading factor. 
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Figure 1 Proposed resource allocation unit of PDSCH.

In the uplink, subcarrier spacing should be narrow in order to meet the coverage requirement. 2.5 kHz appears to be a good choice. So the resource allocation for PUSCH without spreading can span over 6ms*K where K is an integer, as shown in Fig. 2. When spreading is applied, resources can expand either in time or frequency domain. In Fig. 2, the example of time domain expansion is illustrated, i.e., spanning over 6ms*K*N, where N can be the spreading factor. 
[image: image2.wmf]
Figure 2 Proposed resource allocation unit of PUSCH.

The exact value of K can be based on the minimum code block size of CIoT traffic.
3. Physical Control Channel Aspects
Considering the extremely stringent requirement for coverage and low cost of terminal devices for CIoT, the system should be “light” in the sense to use minimum physical control as possible, so that links can operate in a robust manner. In the following our preference on several physical control channels are listed.
· No sounding reference signal (SRS)

CIoT terminals are in general having quite poor geometry. To maintain good coverage, the occupied bandwidth of each link is very narrow. In such operating environment, sound reference signal (SRS) would not be effective since its original purpose is to accurately estimate the frequency selectivity of uplink channels, so that uplink transmissions for good geometry users can be made more efficient by sub-band scheduling. 
With the absence of SRS transmission, dynamic MCS adaptation is not possible for PUSCH. It makes more sense to semi-statically configure MCS level of PUSCH for CIoT, based on long-term measurement such as RSRP. This makes DCI format 0 transmission much less frequent, therefore providing significant benefit in downlink overhead reduction.
· No PDCCH

For downlink physical control channel, our preference is only to use ePDCCH. The reasons are as follows. First, the number of OFDM symbols that can be used for PDCCH is limited. For high CCE aggregation level, PDCCH would need to span several subframes, i.e., interlaced with PDSCH, in the case of narrow band for example, one PRB (180 kHz). This requires new standardization effort and would complicate the UE implementation; Second, in LTE, typical system bandwidth is 5~20 MHz, where PDCCH can enjoy significant frequency diversity and thus reliable reception. However, with narrow band operation like 180 kHz, frequency diversity is much less pronounced; Thirdly, ePDCCH is demodulated with DMRS and able to benefit from beamforming which can help to boost the downlink coverage and reduce the control channel overhead. 
Note that only UE specific search space is supported in ePDCCH, meaning that common control signalling such as DCI format 3/3a cannot be used for closed-loop power control for PUSCH in the case of CIoT. While the power control bits in DCI format 0 carried by ePDCCH may be used. Our preference is not to use that due to the rather infrequent transmission in the absence of SRS. Therefore, closed-loop power control is not recommended for PUSCH, and open-loop power control should be enough to maintain the long-term averaged channel quality.

· No PHICH

Given the very narrow band operation, it would be very difficult or awkward to fit in PHICH structure that was designed for much wider system bandwidth and larger number of simultaneously scheduled UEs. The HARQ operation of PUSCH may be through the NDI bits in DCI format 0. In our view, since SRS is not transmitted, DCI format 0 would be less frequently transmitted, making it difficult to effectively carry out HARQ for PUSCH. 
· No PUCCH 

The number of concurrent downlink transmissions would be small when the system bandwidth is reduced to 180 kHz. This means that the number of ACK/NACK, CQI/PMI is small in a subframe. In such case, the grouping benefit by PUCCH becomes less significant. Instead, using PUSCH to transmit UCI bits would provide more flexibility and resource efficiency. This would also save a lot of standardization work for PUCCH to fit in 2.5 kHz subcarrier spacing.
4. Complex-valued Spreading
In addition to the time and/or frequency diversity and interference whitening, spreading can provide system loading gain when complex-field non-orthogonal spreading is used. 
While narrow band operation can improve the coverage and reduce the cost, the system capacity in terms of user loading would significantly be reduced. This is due to the lack of trunking efficiency that can easily be achieved using wide system bandwidth. Code spreading can boost the overloading capability of CIoT by utilizing non-orthogonal spreading codes. Different users can be allocated with spreading codes of low-cross correlation. Hence, the number of co-scheduled users can be more than the spreading factor. 

In 3G CDMA technology, binary PN sequences are often used for spreading in uplink. While PN sequences have the property of low cross correlation, multi-level sequences can be used to further reduce the cross correlation. One example is to use a 3-level complex-valued sequence. Each element of the sequence has real and imaginary parts that can take {-1,0,1}. The corresponding constellation is depicted in Fig. 3. 
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Figure 3 Non-binary elements for spreading sequences.
Fig. 4 shows some simulation results of average block error rate vs. user loading. Simulation parameters can be found in Annex. Here the user loading is defined as the number of users sharing the same resource vs. spreading factor. Closed-loop power control and HARQ are disabled. There is no dynamic adaptation of MCS. It is observed that: 1) Longer spreading is helpful in lowering the average BLER; 2) Complex-valued spreading sequence can improve the loading capability, i.e., BLER is lower than 1% even when the overloading factor is 300%.
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Figure 4 Average block error rate vs. overloading factors
5. Conclusion

In this contribution, we propose resource allocation unit with spreading and general principle for physical control channels. Preliminary simulation shows that system can support more overloading with complex-valued non-orthogonal spreading sequences.
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Annex
Table A1 Simulation parameters of code spreading for PUSCH

	Parameters
	Assumptions

	Channel model
	AWGN

	Subcarrier spacing
	2.5 kHz

	Modulation and Coding Scheme
	QPSK, LTE Turbo rate 1/2 and interleaver length 256 

	Structure of the Spreading Sequence 
	Real and imaginary part taken from a 3-value set, {-1, 0, 1}. Randomly generated.

	Spreading Sequence Length
	4,   8,  16 

	User Load
	100%, 150%, 200%, 250%, 300%, 350%, 400%

	Channel Estimation
	Ideal

	Receiver Algorithm
	SIC 
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