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[bookmark: _Ref124589705][bookmark: _Ref129681862]Reduced maximum transport block size
As a means to reduce the UE complexity, it was agreed in Rel-12 that the maximum Transport Block Size (TBS) is 1000 bits for unicast transmission on PDSCH for Low Cost-Machine Type Communication (LC-MTC) UEs. The limitation also applies to the PUSCH. This work item [1] lists further complexity reduction techniques, in particular:
· Reduced maximum transport block size for unicast and/or broadcast signalling.
· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line or reduced number of HARQ processes).
The working assumption from RAN1#78bis is that the maximum TBS for unicast transmission for Rel-13 low complexity UE is approximately 1000 bits and the maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits.
On one hand, LC-MTC UEs are primarily expected to support delay tolerant traffic and low data rates, e.g., infrequent transmission of small data packets. Hence, a reduced maximum TBS (perhaps even below 1000 bits) is motivated both for complexity reduction and as being relevant to the expected traffic pattern. However, it should be realized that the physical layer in LTE is not particularly tailored for transmitting small transport blocks. 
So, on the other hand, even if transmissions are infrequent per UE, there can be massive deployments of LC-MTC UEs in a cell, generating large amounts of small transport blocks, for which there is no good transmission mechanism in LTE which could offer high cell spectral efficiency. Clearly, from a system perspective, being constrained by a spectrally inefficient way of supporting LC-MTC traffic would not be attractive for the otherwise super-optimized LTE networks. Thus, in order leverage the complexity reduction in the UE and to make it attractive to let MTC traffic into the LTE networks, it will not be sufficient to merely limit the maximum TBS in the UE for reducing its complexity and cost. Such limitation does not per se improve the ability of a network to handle MTC traffic efficiently and should be accompanied by enhancements for transmission mechanisms for a small TBS. 
Transmission of small data packets in LTE and for LC-MTC UEs affects the system on different levels and such issues have been considered extensively in other working groups [1]-[5]. A RAN1 study for UMTS has recently been agreed [6] including signaling optimizations to support massive number of devices and to optimize small packet transmission. Small packets are not only limited to MTC traffic but may be prevalent for other types of applications and signaling as well. It is clear, cf. [3], that the traffic models and packet statistics for this are quite different from what RAN1 usually have assumed for LTE physical layer design. 
Observation 1. A reduction of the maximum TBS should be accompanied by associated enhancements of the transmission mechanisms for small TBS.  
[bookmark: _Ref129681832]Issues for transmission of small transport blocks
When transmitting small transport blocks (e.g., in the order of tens or hundreds of bits) there are several limitations in the physical layer as it is defined in LTE. 
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Figure 1. Maximum spectral efficiency for every TBS.
Channel coding
The PDSCH and PUSCH utilize turbo coding, which performs adequately for reasonably large transport blocks. However, it is well-known that the performance of turbo codes decreases with the number of input bits [7],[8] and they are therefore not favorable for applications with small transport blocks. Given that the turbo decoder constitutes 5-15% of the baseband cost/complexity [9], it may not be justified either from complexity or performance point of view to utilize turbo codes in these applications.  
The existing block codes or convolutional codes applied for the LTE control- and broadcast channels could be more suitable both in terms of better performance and less complex decoding procedure in the UE and therefore offer reduced physical data channel processing.
Observation 2.Turbo coding may perform worse and be unnecessarily complex for transmission of small transport blocks. 
Control overhead
An UL grant or DL assignment includes in the order of 20-80 bits, depending on configuration and bandwidth. This overhead is independent on the scheduled TBS and could actually be larger than the transport block itself. Hence, dynamic scheduling of small transport blocks comes with a relatively high overhead.
Resource allocation
The smallest scheduling entity is a physical resource block pair, which contains around 288 coded bits (e.g., for DL, 2 CRS ports and control region of 1 OFDM symbol, or for UL with 2 DMRS symbols). The code rate will thus be comparatively low for small transport blocks. In many situations, this may not be needed but it is difficult to improve the spectral efficiency since it is dominated by the allocation of whole resource block pairs. The DL spectral efficiency will be even more degraded if resource allocation type 1 is used where the RBG size is larger than 1, which may be required if the LC-MTC UE should use FDM with other UEs. The inefficiency from using one or more resource block pair(s) for transmitting a small transport block will be further pronounced for small carrier bandwidths, or with a reduced UE bandwidth of 1.4 MHz, where the total number of available resource blocks is limited, which unduly constrains the amount of simultaneous transmissions in the cell. 
In Fig. 1, we plot the maximum spectral efficiency for every unique TBS entry in the Rel-8 TBS table, i.e., the minimum  is selected for each TBS. The spectral efficiency is defined as . For a TBS up to 1000 bits, the spectral efficiency is significantly lower than for larger TBSs. In comparison to larger TBSs, where the typical spectral efficiency is around 4 bps/Hz, a maximum spectral efficiency of 1-2 
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Figure 2. Maximum data rate of the PDCCH for different aggregation levels using Rel-8 TBSs, for an ETU channel at 3 km/h, 5 MHz bandwidth and 2/2 TX/RX antennas. 
bps/Hz will be common (i.e., a decrease by 50-75%) for a TBS up to 1000 bits. With large number of small transport blocks being transmitted, the resulting cell spectral efficiency will clearly not be impressive.
Observation 3. The PDSCH/PUSCH offer insufficient spectral efficiency for small transport blocks.
Hence, it would be necessary to investigate other means of conveying small transport blocks. Key points would be to allow more suitable channel coding and to increase the statistical multiplexing opportunity of the transmission resources among UEs, while reducing the physical data channel processing. For example, it could be questioned if the PDSCH or PUSCH should be used at all for these applications.
One alternative could be to utilize control channels, or similar structures, for small transport blocks. Such channels may not induce over-provisioning of resources as is the case for PDSCH/PUSCH. They also could avoid using turbo coding, which is expected to further reduce the complexity and power consumption in the UE.
For example in the DL, delay-tolerant traffic could be transmitted directly through the PDCCH or EPDCCH and avoid PDSCH transmission/reception completely. This could come for free since PDCCH/EPDCCH resources may not even be fully occupied with control signaling at all instances. Table 1 contains the maximum TBS which could be conveyed for a given aggregation level assuming 36 REs for a CCE/ECCE and 16 bits CRC.
 Table 1. Maximum TBS for different aggregation levels.
	Aggregation level
	1
	2
	4
	8
	16

	Max TBS [bits]
	56
	120
	256
	552
	1128



In Fig. 2, we show a basic channel capacity example where a transport block assuming the TBSs from Rel-8, is transmitted in the PDCCH during one subframe. The maximum data rate is obtained by selecting for each SNR, the TBS that maximizes . These data rates appear to be reasonable for MTC applications. It is unclear from RAN1#78bis what DL control channel will be used for LC-MTC UEs only capable of receiving in a 1.4 MHz bandwidth. However, it is expected that some form of common resources will be supported for the DL control channel, which would enable transmission of common messages. While this could include DCI messages not necessarily being UE-specific, it could in principle also be possible to accommodate other cell-specific information. For example, the MIB could be transmitted directly in the DL control channel, obviating the need for a PBCH.      
Conclusions 
The PUSCH and PDSCH are inefficient for transmitting small transport blocks. It should be considered to specify additional mechanisms for delivering small transport blocks in order to obtain reduced physical data channel processing as well as good performance.
Proposal. For transport block sizes up to 1000 bits, perform further study on:
· PDSCH-less and PUSCH-less transmission of transport blocks
· Transmission schemes based on control channel structures
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