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1 Introduction
Rel-12 work on low-cost MTC introduced a new Category 0 UE which supports a reduced maximum TBS of 1000 bits in DL and UL, single receive antenna operation, and additional HD-FDD support.

For Rel-13, a new work item on further physical layer enhancements for MTC was approved at RAN#65 [1]. The WI has the joint overall objectives of reducing complexity and enhancing coverage, whilst providing a reduction in UE power consumption. The WID includes a number of cost and complexity reductions which can be considered, many of which were already studied in the SI.
During the study phase, TR36.888 “noted that the impact of complexity reduction on cost and/or performance is dependent on various factors including implementation” [2], so in this contribution, we look at what has been agreed already for the cost/complexity impact of these proposals, and what further cost savings could result from the complexity reductions suggested in the WID. We do not look at bandwidth reduction here, since that is already an agreed objective of the WID.
2 Further cost/complexity reductions for Rel-13 MTC

The SI report in TR36.888 breaks down the cost composition of the LTE modem as shown in Table 1. We re-use these numbers in what follows, and take our reference as the Cat. 1 UE for easy comparison to the Rel-12 study and work. The WID includes the following UE proposals which are somehow amenable to analysis following TR36.888:
1. Further TBS reduction from 1000 bits to e.g. ~300 bits for unicast and broadcast. The exact level is for both types is FFS [3]. The Cat. 0 UE can receive one TB of up to 1000 bits (unicast or broadcast) and another TB of up to 2216 bits (broadcast only) in one TTI. Assume the Cat. 0 UE is provided with a 2216 bit turbo decoder, and (25344 + 6816) bits of soft HARQ buffer. This saves:

(25344 + 6816) / (250368 + 6816)

= 87% of the HARQ buffer; and
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= 78% of the turbo decoding; and
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= 81% of the UL processing block.

Reduction to e.g. ~300 bits for both unicast and broadcast saves:

(8448 + 1056)/( 250368+6816) 

= 96% of the Cat. 1 HARQ buffer – an additional 8%.
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= 97% of the Cat. 1 turbo decoding – an additional 19%.
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= 94% of the UL processing block – an additional 13%.

It is possible to consider using convolutional coding rather than turbo coding for such small TBs as these, which would have some further cost saving.
We have detailed analysis on the impacts of further TBS reduction in [3].
2. HARQ process reduction. Taking FDD, Rel-12 discussed reducing the HARQ process number to between 1 and 4, saving 50-88% of the HARQ buffer cost. This has already been reduced by 87% in Cat. 0, so an additional 7-11% of the cost could be saved in Rel-13. Note there are further overlaps with TBS reduction.

3. DL TM reduction. This was not introduced at all in Rel-12, but was identified as saving 15-48% of the RX processing block. Single RX operation in Rel-12 has removed 50% of the cost of that block, so 8-24% can be saved in Rel-13. One source in Rel-12 reported a 30% saving in MIMO processing additionally, which was not reduced at all in Rel-12.

4. (E)PDCCH blind decoding reduction. No conclusion was reached in Rel-12 on what is possible here. A first order approximation is that the UE only supports PDCCH and, due to coverage requirements, only supports aggregation level 8 in both search spaces. Many other choices are possible, and EPDCCH also needs to be considered, but TR36.888 does not have a cost basis for that so we use PDCCH as an analysis base here. Coverage enhancement design may also affect (E)PDCCH decoding complexity. Nevertheless, taking this first order approximation, there are only 4 PDCCH candidates searched out of an original total of 22 (per DCI format). This represents 82% complexity saving, but it is unclear if this necessarily translates directly into cost saving. There would also be UE power consumption reductions.
5. No support for simultaneous reception. This does not reduce the HARQ buffer requirements, because the contents of the buffers must be maintained until released even if no TB is received into them in a given TTI, and any of the unicast processes could be indicated, and/or the dedicated broadcast process. The saving is only in the speed with which decoding must occur to allow the UE to ACK/NACK the contents of a unicast TB in time.
In the Cat. 0 UE, there could be some cost saving if the implementation has provided a dedicated turbo decoder for broadcast messages (differently to the assumption in #1), because the unicast decoder might now be dropped and the same decoder used for both message types. If this possible, then compared to a Cat 0 UE with 1000 and 2216 bits turbo decoders, this would save 10% of the Cat. 1 baseline. But if the Cat. 0 UE has just a 2216 bit decoder to handle both, then there is no cost saving.

In the new UE, with the same 300 bit TBS for unicast and broadcast, it is probably unnecessary to provide two turbo decoders given the small message size allowing rapid decoding. In this case, no support for simultaneous reception probably could give zero cost saving. If there were two turbo decoders, then eliminating one would save 3% of the Cat. 1 baseline.
6. Modulation order restriction to QPSK. This was not a recommended technique in the SI due to the impact on cell spectral efficiency, but 36.888 found cost savings on ADC/DAC, FFT/IFFT and UL processing blocks. Note that there are overlaps with other techniques also.
Overall, aiming to reduce the TBS further appears to be the most fruitful option. Reducing DL TMs was contentious in Rel-12, and the approach to do so in Rel-13 is not yet clear, as discussed in a companion contribution [4].
However, these savings are small by comparison to what is forecast to be saved from bandwidth reduction – which is approx. 15% of Cat. 1 before any other Rel-13 items are even considered.
Observation 1:
Most UE processing relaxations have small cost saving from the Cat. 0 UE.

However, as noted in Rel-12 and the discussion above, the cost savings cannot occur in isolation. In particular, TBS reduction and HARQ process reduction have some obvious relation. This and others are considered in Table 2 which calculates what the achievable range of total cost savings (expressed as % of Cat. 1 cost, taking Cat. 0 as a baseline) could be from all the complexity reductions taken together. Considering the difficulty of TM reduction noted in [4], that there may be no 3GPP-measureable difference for having no simultaneous reception, and that QPSK restriction is not recommended from the TR, a likely maximum cost savings could come from TBS=300bits + HARQ process reduction + blind decode reduction. Therefore, the likely achievable range of cost saving is 4-6% of a Cat. 1 UE. Note that this value does not include any possible overlap with bandwidth reduction cost savings.
Observation 2:
The likely range of cost saving from a Cat. 1 UE could be in the range 4 – 6%.
We noted in the introduction the TR statement that complexity is not directly related cost. The analysis in Tables 1 and 2 re-confirm this fact, since the extra cost saving for taking another complexity reduction can be very small. Therefore, it seems sensible to focus standards effort on those complexity reduction items which offer the largest savings.
Proposal 1:
Prioritize investigation/discussion on complexity savings according to the relative cost savings they offer.
Table 1: Cost reduction from a Cat. 0 baseline (expressed as % of Cat. 1 modem), each technique in isolation.
	
	Relative Cat. 1 saving from Cat. 0 baseline in isolation per technique

	Functional block
(Ratio of RF to baseband cost 40:60)
	Recommended cost breakdown

(for Evaluation)
	Cat. 0
	TBS 

300 bits
	HARQ process reduction
	No simultaneous RX
	DL TM reduction
	(E)PDCCH blind decode reduction
	Modulation restriction to QPSK

	RF
	
	
	
	
	
	
	
	

	Power amplifier
	25%-30%
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Filters
	5%-10%
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	RF transceiver

(including LNAs, mixer, and local oscillator)
	40%-50%
	
	NA
	NA
	NA
	NA
	NA
	NA

	Duplexer /Switch
	15%-25%
	
	NA
	NA
	NA
	NA
	NA
	NA

	Other
	0%-10%
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Total of RF
	95%-110%
	35-40%
	0%
	0%
	0%
	0%
	0%
	0%

	Baseband
	
	
	
	
	
	
	
	

	ADC / DAC
	10%
	40%
	NA
	NA
	NA
	NA
	NA
	18%

	FFT/IFFT
	5%
	50%
	NA
	NA
	NA
	NA
	NA
	

	Post-FFT data buffering
	10%-15%
	50%
	NA
	NA
	NA
	NA
	NA
	9-17%

	Receiver processing block
	20%-35%
	50%
	NA
	NA
	NA
	8-24%
	NA
	NA

	Turbo decoding
	5%-15%
	78%
	19%
	NA
	0-10% / 0-3%
	NA
	NA
	NA

	HARQ  buffer
	10%-15%
	87%
	8%
	7-11%
	NA
	NA
	NA
	NA

	DL control processing & decoder
	5%
	NA
	NA
	NA
	NA
	NA
	≤82%
	NA

	Synchronization / cell search block
	10%-15%
	50%
	NA
	NA
	NA
	NA
	NA
	NA

	UL processing block
	5%-10%
	81%
	13%
	NA
	NA
	NA
	NA
	2%

	MIMO specific processing blocks
	5%-15%
	NA
	NA
	NA
	NA
	0-30%
	NA
	NA

	Other
	0%
	NA
	NA
	NA
	NA
	NA
	NA
	NA

	Total of Baseband
	90%-110%
	
	2-5%
	0.7–1.6%
	0-2%
	2-8%
	≤4%
	3-5%

	Overall relative cost savings
	
	
	1-3%
	0.4 – 1.0%
	0-1%
	1-5%
	≤2%
	2 – 3%


Table 2: Combined overall cost savings from the Cat. 0 UE baseline – expressed as % of Cat. 1 modem.
	Additional complexity options from Cat. 0 baseline
	Additional cost saving from Cat. 1 modem

	TBS = 300 bits
	1 – 3%

	HARQ process reduction
	0.4 – 1.0%

	QPSK restriction
	2 – 3%

	TBS (300 bits) + HARQ process reduction
	2 – 4%

	TBS (300 bits) + HARQ process reduction + QPSK restriction
	4 – 7%

	TBS (300 bits) + HARQ process reduction + blind decode reduction
	4 – 6%

	TBS (300 bits) + HARQ process reduction + blind decode reduction + DL TM reduction
	5 – 11%

	TBS (300 bits) + HARQ process reduction + blind decode reduction +DL TM reduction + no simultaneous rx
	5 – 12%

	TBS (300 bits) + HARQ process reduction + DL TM reduction + blind decode reduction + no simultaneous rx + QPSK restriction
	7 – 15%


3 Conclusion
In this contribution we analysed the UE complexity reduction/processing relaxations which have some link to the low-cost MTC feasibility study in TR36.888. We made the following observations:

1. Most UE processing relaxations have small cost saving from the Cat. 0 UE.

2. The likely range of cost saving from a Cat. 1 UE could be in the range 4 – 6%.
These observations lead us to the following proposal:
1. Prioritize investigation/discussion on complexity savings according to the relative cost savings they offer.
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