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Discussion and decision
1 Introduction
In this contribution, we present our views on some of the remaining issues of low cost UEs, particularly on the following:
· Maximum #PRBs for low cost MTC UE;
· Scheduling options for low cost MTC UE.
2 Remaining issues of low cost MTC
2.1 Maximum #PRBs for low cost MTC UE
In RAN1#76, the maximum TBS for low cost MTC UEs is agreed to be:

· The maximum TBS shall be 1000 bits for unicast transmission on PDSCH.

· The maximum TBS shall be 2216 bits for data types referenced by SI-RNTI, P-RNTI, and RA-RNTI.

With the increase in the maximum TBS for the common data, the maximum number of PRBs of 6 assumed for low cost UE needs to be revisited. To be able to schedule a TB of size 2216 with QPSK (the only modulation scheme supported for SI broadcast), the number of PRBs needed is at least 14, close to 3MHz bandwidth of 15 PRBs [2].  According to the evaluation methodology in [1], the impact on cost if the number of PRBs is increased is mainly on the post-FFT data buffering and receiver processing block. Increasing the number of PRBs from 6 to 15 could incur loss of the overall cost savings by about 1.6%-2.7%, which is rather small. In order to effectively support PDSCH with up to 2216 bits TBS, we propose that the number of supported PRBs for PDSCH is increased to 15 PRBs.
Observation 1:  The loss of overall cost savings by increasing the number of PRBs from 6 to 15 is about 1.6% - 2.7%.
Proposal 1: For low cost MTC UEs, the number of supported PRBs for PDSCH is increased to 15 PRBs. 
2.2 Scheduling options for low cost MTC UE
2.2.1 Summary of pros and cons for each scheduling option
Another open issue is the possible scheduling restriction/behavior assumed for low cost MTC UE for cost savings purpose. A comprehensive list of options can be found in the email discussion summary [3]. For option C1/U1, we assume the maximum number of PRBs of 15 as proposed in Sec 2.1.
Our views on the scheduling options are given below.
Cost savings:
As post-FFT buffer constitutes < 10% of overall UE cost, cost savings difference for different options is not expected to be significant as shown by other companies [3].

Spectral Efficiency:

C1+U1 clearly has the best spectral efficiency. All other options incur spectral efficiency loss to various degrees, mainly due to loss of frequency diversity (C2+U2, C4+U4), redundant (E)PDCCH or PDSCH (C3+U3) or scheduling restriction (C2+U2, C4+U4).

UE complexity:

No major difference in UE complexity among the different options. However, there can be significant implementation/development cost particularly for C3+U3, and most of the suboptions for C2+U2.

UE power consumption:
No major difference among the different options, except that C3+U3 will increase UE power consumption due to extra RF active time.

eNB complexity:
C1+U1 incurs no additional eNB complexity. All other options incur additional eNB complexity to various degrees. For C2+U2 or C4+U4, in the best scenario, it may force the eNB to apply scheduling restriction to all UEs regardless of category, and in the worst scenario, there can be a need to implement changes in MIB or SIB1 or SIBs, a need for new MME-eNB signalling to support new paging behaviour for low cost MTC UE. For C3+U3, the worst case scenario of C2+U2 or C4+U4 is also applicable, particularly with the new SI and paging transmission behaviour. In addition, the eNB also needs to take care of the new PDCCH-PDSCH/PUSCH timing and the new HARQ timing.
eNB scheduling flexibility:

C1+U1 incurs no loss in eNB scheduling flexibility. All other options incur loss in eNB scheduling flexibility to various degrees. For C3+U3, eNB also needs to take care of multiplexing of UEs with different PDCCH-PDSCH/PUSCH timings and different HARQ timings, which creates another dimension to the scheduling problem.
Specification impact:

No specification impact to C1+U1. All other options incur specification impacts to various degrees. Due to the limited time allocation for low cost MTC, an option with little or no specification impact is preferred.
Conclusion:
C1+U1 is the best option.

Observation 2: Option C1 and U1 is the most preferred among all options.
2.2.2 Suboptions of C1 and U1
Reducing PDCCH blind decoding trials is one of the suboptions for C1 and U1, which can achieve cost savings by reducing the post FFT buffer requirement for PDSCH. It seems to be a common understanding that reducing PDCCH blind decoding trials would be achieved by either reducing PDCCH search space, or altering the number of PDCCH candidates for some or all aggregation levels. 
Another alternative to achieve reduction of PDCCH blind decoding trials for low cost MTC UEs is by supporting only DCI format 1A and 1C for PDSCH scheduling, i.e. the larger DCI formats e.g. DCI format 1, 2 or 2x depending on the TM configured (typically TM1, TM2, TM8 or TM9) is not supported. The total number of PDCCH blind decoding trials can be reduced from 44 to 28 (36.4% reduction). In addition, spectral efficiency is virtually not affected since the full search space for PDCCH is still available for scheduling. Impact on eNB complexity, scheduling flexibility and specification are also limited. Based on the aforementioned reasons, we propose to adopt option C1.1 and U1.2.

Proposal 2: Option C1.1 and U1.2 is adopted for scheduling low cost MTC UEs. In particular, U1.2 by reducing the number of PDCCH blind decoding trials is achieved by supporting only DCI format 1A and 1C for PDSCH scheduling.
3 Conclusions
In this contribution, we presented our views on some of the remaining details for low cost UEs. 
Observation 1:  The loss of overall cost savings by increasing the number of PRBs from 6 to 15 is about 1.6% - 2.7%.
Proposal 1: For low cost MTC UEs, the number of supported PRBs for PDSCH is increased to 15 PRBs. 
Observation 2: Option C1 and U1 is the most preferred among all options.
Proposal 2: Option C1.1 and U1.2 is adopted for scheduling low cost MTC UEs. In particular, U1.2 by reducing the number of PDCCH blind decoding trials is achieved by supporting only DCI format 1A and 1C for PDSCH scheduling.
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