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1. Introduction

Based on the WID in [1], most details of the new low-cost MTC UE category are known [3]. However, the total number of soft channel bits in the downlink has not been finalized. This value depends on the maximum number of DL HARQ processes to be supported. In this contribution, we examine cost reduction and other savings from reducing the maximum number of HARQ processes versus its impacts.  
2. Number of HARQ Processes
For Cat-1 UE, the maximum number of HARQ processes for FDD is 8. For TDD, the maximum number of HARQ processes varies from 4-15 depending on the TDD configuration. However, they all follow the same principle of providing the maximum throughput under the stop-and-wait HARQ protocol. For low-cost MTC UE, it has been proposed that the maximum number can be reduced to lower cost and complexity.
Cost Saving Analysis
Additional cost saving can be accomplished by reducing the maximum number of HARQ processes. This comes from saving in the HARQ buffer and possibly the Turbo decoding (e.g. by not having to perform parallel decoding). From [2], the HARQ buffer makes up 10-15% of the baseband cost, while the Turbo decoding makes up 5-15% of the baseband cost. The two functional blocks together make up 9-18% of the cost of the modem. With maximum TBS of 1000 bits, 90% cost reduction on these functions has already been obtained. If the number of HARQ processes is further reduced to 1 from 8, the expected saving in the modem from HARQ buffer is at most 0.5-0.8%. Further cost saving in the Turbo decoding is also very small. Thus, it is expected that the saving from having only 1 HARQ process will be approximately 1%.   

Observation: Supporting only 1 DL HARQ process leads to approximately 1% modem cost reduction compared to Cat-1 UE.
If we use low-cost MTC UE supporting 8 HARQ processes as the baseline for cost reduction, the potential saving is still small. This is because the HARQ buffer and Turbo decoding block have already been significantly cost reduced (on the order of 90%), while other components have not been as significantly reduced. Thus, these two functional blocks comprise a significantly smaller portion of the low-cost MTC modem cost. As a result, we do not expect meaningful cost saving from reducing the maximum number of HARQ processes.
Reducing the number of HARQ processes can also lead to a reduction in complexity. This is partly captured by the cost saving analysis such as that of the Turbo decoding block above, but there may be additional benefits such as lower power consumption and relaxed processing requirements. 
Impacts from Reducing the Maximum Number of HARQ Processes
The basic guideline in HARQ design is to keep the data buffer full. This results in the maximum amount of throughput being supported at the UE while minimizing the latency. By reducing the maximum number of HARQ processes, the following drawbacks may be observed –

· Reduced data rate: The peak data rate for low-cost MTC UE will be reduced from 1Mbps. The degree of the reduction depends on how many processes are supported (e.g. to 125 kbps if only 1 HARQ process is supported). This can limit the usefulness of low-cost MTC UE category and therefore reduces its appeals.
· Power consumption: By reducing the sustainable throughput, it may take longer to transmit large amount of data to the UE. This increases UE’s power consumption as it has to remain active for a longer period of time. This may be especially significant for TDD systems.
· Network overload: Since it may take longer for low-cost MTC UE to complete its data transfer, the network may have to handle larger UE load. This may be an issue considering the potential number of MTC UEs in the network.  This can prevent the network from serving higher-priority UEs. Also, having to support large load increases the cost and complexity of the network. 
Note that the potential drawbacks discussed above can be balanced through selecting the appropriate number of HARQ processes. However, as at most 1% modem cost reduction compared to Cat-1 UE can be obtained, there is not a clear cost benefit to reduce the maximum number of HARQ processes for low-cost MTC UE. 
Recommendation: Low-cost MTC UE not in coverage enhancement mode supports the same maximum number of DL HARQ processes as Rel-11 UE.

Based on supporting downlink and uplink maximum TBS size of 1000 bits, radio access capabilities have been proposed as shown in Table 1.
3. Conclusion
From the cost analysis shown in this contribution, it can be observed that –

· Supporting only 1 DL HARQ process leads to approximately 1% modem cost reduction compared to Cat-1 UE.
There are, however, potential drawbacks in reducing the maximum number of HARQ processes. Therefore, it is recommended that
· Low-cost MTC UE not in coverage enhancement mode supports the same maximum number of DL HARQ processes as Rel-11 UE.
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Table 1. Downlink physical layer parameter values set by the field ue-Category

	UE Category
	Maximum number of DL-SCH transport block bits received within a TTI (Note)
	Maximum number of bits of a DL-SCH transport block received within a TTI
	Total number of soft channel bits
	Maximum number of supported layers for spatial multiplexing in DL

	Category 0
	1000
	1000
	25344
	1


