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Discussion and Decision
1
Introduction
Although the main features of the new low-cost MTC UE category have been decided, there are still several pending issues. In this contribution, we provide our views on the following topics –

· In [1], RAN2 asked RAN1 to consider keeping the current limit of 2216 bits for the BCCH TBS size within the work on low cost MTC UEs. We consider the impact of increasing the maximum TBS size from 1000 to 2216 bits. 
· Simultaneous reception of common messages and dedicated data.

· PDSCH scheduling and resource allocation.
2
Maximum TBS Size
A key motivation for selecting the maximum TBS size of 1000 bits was to maximize the cost saving while still being able to efficiently handle expected MTC traffic. From [2], a modem cost saving of approximately 10.5% - 21% can be achieved with this restriction. However, as noted by RAN2 [1], this limit might put restrictions on current use as well as future extension of the SIBs.  
If the maximum TBS size is increased to 2216 bits, then computation complexity (e.g. Turbo decoding, uplink processing) and HARQ memory buffering will increase, resulting in smaller cost saving. From [2], the HARQ buffer makes up 10%-15% of the baseband cost, while the Turbo decoding and the uplink processing makes up 5%-15% and 5%-10% of the baseband cost, respectively. Using these numbers, it is estimated that the modem cost saving will reduce from 10.5% - 21% to 4.8% - 9.5% with the increased TBS size. This corresponds to a modem cost increase of approximately 6-12%. 
The cost increase due to bigger HARQ buffering requirement can be reduced by restricting the number of HARQ processes. If a peak data rate of 1 Mbps is desired, then the number of HARQ processes may be reduced by half. This provides a 90% saving in HARQ buffer amount. If only 1 HARQ process is supported, this provides a 97% saving in HARQ buffer amount but will reduce the intended peak data rate, effecting UE power consumption and network load negatively.

Observation: 
· Increasing the maximum TBS size to 2216 bits without touching the number of HARQ processes will about double the achieveable peak data rate and increase modem cost by 6%-12%. 
· Increasing the maximum TBS size to 2216 bits and reducing the number of HARQ processes by half will retain the desired peak data rate of ~1Mbps but increase modem cost by 4.3%-10.9%. 
· If only one HARQ process is supported, the peak data rate is reduced dramatically and the modem cost will increase by 3.9%-10.3%.
Therefore, it is proposed to increase the maximum TBS size to 2216 bits but with reduced number of maximum HARQ processes to minimize cost increase. A reasonable number is 4 HARQ processes for FDD to keep the peak data rate at approximately 1 Mbps. Note that further reduction to a single HARQ process does not bring substantial cost saving but may cause some issues as previously discussed.  
Proposal 1: Increase the maximum TBS size to 2216 bits and reduce the number of maximum HARQ processes by a factor of 2.
3
Simultaneous Reception
In [3]-[4], the issue of simultaneous reception of common messages (SIBs/Paging/RAR) and dedicated unicast data was raised. As pointed out in [3], it is difficult for the network to avoid simultaneous transmission of common messages and unicast data, especially in enhanced coverage mode. So it may not be possible to avoid this situation using implementation means such as scheduling restriction. 

Furthermore, according to 36.302, it is mandatory for a UE to be able to receive the following combinations –
· PBCH + [PDCCH+PDSCH] using SI-RNTI + [PDCCH+PDSCH] using P-RNTI in RRC_IDLE
· PBCH + [PDCCH+PDSCH] using SI-RNTI + [PDCCH+PDSCH] using RA-RNTI/C-RNTI in RRC_CONNECTED
For low-cost MTC UE category, if simultaneous reception is not allowed, then the main impact will be to latency as the UE must wait until the next transmission of missed information. This delay may be significant especially in enhanced coverage mode where the number of repetition required can be large. From the guidance provided in [2], the latency for mobile originated traffic from event trigger to reception of reported application message by eNB is given to be 5 seconds. This is quite stringent for UEs that require 15dB coverage enhancement. From the performance results provided in [2], it can be inferred that synchronization and MIB/SIB acquisition will take up a significant portion of this delay budget. For instance, up to 2 seconds may be required for synchronization acquisition for UEs requiring 20dB coverage enhancement. Thus, if simultaneous reception is not allowed, then we might not be able to satisfy the delay budget guidance.
Proposal 2: Low-cost MTC UE supports simultaneous reception of physical channels as specified in TS 36.302.
Although it is proposed that simultaneous reception is supported, there is still the maximum TBS size that can be received by low-cost MTC UE. In the case that this maximum DL-SCH limit is reached, the UE is allowed to discard PDSCH transmission. Prioritization of the channels to be discarded can be left to UE or a simple rule may be specified (e.g. priority is given to unicast over common messages).
4
PDSCH Resource Allocation

Several solutions have been proposed for PDSCH scheduling and resource allocation which can be summarized below.
1. Fixed or predefined PDSCH location. In this solution, the PDSCH region is known beforehand (e.g. predefined via specifications), possibly prior to decoding the PBCH. There are several possible options within this solution – fixed at the center of the carrier bandwidth, fixed with several possible locations, and fixed with predefined hopping pattern.
2. Fixed + semi-statically configured PDSCH location. In this solution, the PDSCH region is configured semi-statically via RRC configuration. This, however, first requires fixing or predefining the PDSCH location (as in 1.) in order for the UE to undergo connection procedure.

3. Dynamic PDSCH scheduling with timing change. In this solution, the PDSCH region is dynamically scheduled. To achieve the cost saving benefit, a timing change must be introduced where the PDCCH is first transmitted in the current subframe, followed by the PDSCH in the next subframe.

4. Dynamic PDSCH scheduling as per Rel-11 specification.

Solutions 1-3 have considerable impact to specification and implementation complexity at the network. Performance may also be impact, although the degradation depends on which option is selected. For instance, fixed allocation may suffer from high interference or may negate interference coordination performance. Frequency diversity may also be lost if the PRBs are contiguous and frequency selectivity gain may not be possible. Group-based messages may need to be transmitted to multiple PDSCH locations to reach all UEs.
Solution 4 is clearly better from a specification, performance, and implementation complexity point of view. However, this solution increases cost as the UE must buffer more samples. This increase was estimated to be approximately 1.5% of the modem cost [4]. This is not much of an increase considering the drawbacks of the alternative solutions. It is therefore proposed that dynamic PDSCH scheduling is used as per Rel-11 specification.
Proposal 3: PDSCH is dynamically scheduled as per Rel-11 specification.

Link-level performance degradation was shown in [6] when contiguous allocation is used. In the analysis, the carrier is 10MHz with 2Tx-1Rx and 4Tx-1Rx. For 2Tx antennas, it is seen that there is a performance gap of 2–2.5 dB when localized transmission is used compared to distributed transmission over 10 MHz. If inter-TTI hopping is used, then the gap reduces by approximately 0.5 dB. For 4Tx antennas, it is seen that there is a performance gap of 1–1.5 dB. Therefore, PDSCH resource assignment should not be restricted to localized allocation only.
Proposal 4: PDSCH resource assignment should not be restricted to localized allocation only.

5
Conclusion

In this contribution, we consider some remaining issues for the low-cost MTC UE category. The following proposals are made –

Proposal 1: Increase the maximum TBS size to 2216 bits and reduce the number of maximum HARQ processes by a factor of 2.
Proposal 2: Low-cost MTC UE supports simultaneous reception of physical channels as specified in TS 36.302.
Proposal 3: PDSCH is dynamically scheduled as per Rel-11 specification.
Proposal 4: PDSCH resource assignment should not be restricted to localized allocation only.
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