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Discussion and Decision
1 Introduction

In RAN1#86bis, the following working assumptions were made –

· For 100% MBSFN subframe allocation FeMBMS carrier transmits a periodic subframe, CAS Cell Acquisition Subframe 

· To be confirmed or revisited at RAN1#87, including:

· CAS performance (including synchronization performance and link level performance of PDCCH and PDSCH), and capacity analysis, based on the definitions below should be evaluated to the next meeting; details of SI transmission in different system bandwidths should also be provided. 

· Consideration of FDM as an additional mode of operation if all the details (i.e. design, guard band size, specification impact, UE implementation impact analysis) and evaluations showing clear performance benefit (considering the performance targets) are presented at the next meeting

In this contribution, we provide performance results for PBCH, PDCCH, and PDSCH (SI) in CAS.

2 Performance Results
PBCH

PBCH performance has been provided in [1] using legacy SIB size. However, in [2], a new MIB with slightly larger size was proposed. Performance of the new MIB has also been included in [2] and is briefly summarized here. Figure 1 illustrates performance for the PBCH transmitted in every CAS. The propagation channel is ETU1 and EPA1. The antenna configuration is 2Tx-2Rx. Channel estimation is based on a single-subframe. The target BLER is 1%. From the figure, it can be seen that the required SNRs are -6.6 and -4.8 dB for ETU1 and EPA1 channels. This is for MIB size of 32 bits together with 16-bit CRC. When compared to legacy MIB size of 24 bits, it is seen that performance degrades by 0.8 dB. However, it is seen that performance of the MIB is still quite good for cell-edge UE even with a larger MIB size. 
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Figure 1. PBCH performance using CAS.

Note that PBCH performance using CAS has also been presented in [1]. However, 3dB CRS boosting was used in [1], so performance results are better than shown here. In addition to the results presented here, [4] also provides results for legacy PBCH. In [4], the required SNR for the PBCH is -7.5 dB, which is similar to the results shown in Figure 1 for ETU1 channel.

Observation 1: The required SNRs for 1% PBCH BLER point are -6.6 dB and -4.8 dB for ETU1 and EPA1 channels respectively.

PDCCH

In [3], it is proposed that PDCCH is not needed for dedicated MBMS carrier. However, for performance evaluation purpose we provide link-level results for this channel using the same assumptions as for PBCH. DCI format 1A with 8 CCEs are used. Note that DCI format 1C can also be used for SI scheduling and MCCH change notification. DCI 1C is slightly smaller, thus should have better performance. Figure 2 illustrates PDCCH performance. From the figure, it is seen that the 1% BLER points for PDCCH are at -5.0 dB and -3.3 dB respectively for ETU1 and EPA1 channels. Note that performance is close to that from [4], where -4.7 dB was the required SNR for the PDCCH.
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Figure 2. PDCCH (DCI 1A) performance using CAS.
Observation 2: The required SNRs for 1% PDCCH (DCI 1A) BLER point are -5.0 dB and -3.3 dB for ETU1 and EPA1 channels respectively. 
PDSCH

Figure 3 illustrates PDSCH (SI) performance using 50 PRBs and QPSK modulation. The REs reserved for PSS/SSS/PBCH have been excluded from the PDSCH. In addition, 1 OFDM symbol was reserved for the PDCCH. Two transport block sizes have been evaluated – 1384 and 2216 bits. Both 1 and 2 numbers of repetitions have been considered. For TBS=1384 bits, it is seen that the 1% BLER points for PBCH are at -5.6 dB and -4.1 dB respectively for ETU1 and EPA1 channels when two repetitions are used. For TBS=2216 bits, the required SNRs are -4.2 dB and -2.6 dB for ETU1 and EPA1 channels. From the figure, it is seen that PDSCH performance is robust at the cell edge.
Observation 3: The required SNRs for 1% PDSCH (TBS=1384) BLER point are -5.6 dB and -4.1 dB for ETU1 and EPA1 channels respectively.
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Figure 3. PDSCH performance using CAS – QPSK, 50 PRBs.

3 Conclusions

In this contribution, we provide performance results for PBCH, PDCCH, and PDSCH in CAS subframe and make the following observations –

Observation 1: The required SNRs for 1% PBCH BLER point are -6.6 dB and -4.8 dB for ETU1 and EPA1 channels respectively.

Observation 2: The required SNRs for 1% PDCCH (DCI 1A) BLER point are -5.0 dB and -3.3 dB for ETU1 and EPA1 channels respectively. 

Observation 3: The required SNRs for 1% PDSCH (TBS=1384) BLER point are -5.6 dB and -4.1 dB for ETU1 and EPA1 channels respectively.
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