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Discussion and Decision
1 Introduction

In [1], one objective of the WI is to be able to use more subframes to eMBMS service. As the number of MBSFN subframes increases, less subframes will be available for transmitting common signals. For example, in [2] it is proposed that a non-MBSFN subframe containing PSS/SSS/PBCH/SIBs is transmitted with low periodicity (e.g. every 40/80 ms). This, however, can impact coverage of such signals. In this contribution, we consider PBCH transmission with low periodicity and potential coverage enhancement techniques.

2 PBCH 
The SINR for FeMBMS is expected to be high based on the stated objective of achieving a spectral efficiency of at least 2 bps/Hz. From example, results from [3] illustrates SNR/SINR that are typically higher than 10 dB. This is, however, for MBSFN subframes. For the PBCH, link budget analysis in [5] shows that PBCH can operates at -7.5 dB using legacy combining of four PBCH transmissions within 40ms. It would be desirable for the low periodicity PBCH to have comparable coverage level to legacy PBCH (e.g. in case of co-located deployment). Therefore, in this analysis, we will use -8 dB as the initial target SINR for PBCH transmission. We can also examine non-colocated deployment where only a subset of the cells will be used for FeMBMS. In this case, the SINR may be significantly worse.
Coverage enhancement techniques have been well studied for eMTC and NB-IoT. With respect to the PBCH, the following techniques may be used –

· Combining multiple copies of the PBCH. In legacy design, this is limited by the SFN field in the MIB which changes every 40ms. As a result, only 4 copies of the PBCH may be combined. In NB-IoT, the NPBCH consists of 8 independently decodable blocks spanning 80 ms. The MIB content remains unchanged for 640 ms and therefore 8 copies can be combined.
· Repetition in time. In eMTC, PBCH can be repeated in subframe #0 and #9 (FDD) or subframe #5 (TDD). In these subframes, the available REs in the center 6 PRB pairs are used for PBCH. In addition, the repetition is performed based on a specific symbol mapping that allows for improving frequency tracking loop as well.

· Repetition in frequency. Similar to the idea above, the PBCH can be repeated in frequency to provide additional copies to improve coverage.
· Multiple decoding attempts. The multiple decoding attempt technique is based on implementation and relies on the UE to keep decoding as many of the PBCH transmissions as needed until it eventually succeeds. This technique relies on channel fading and noise variations to imply that the decoding will eventually be successfully. It allows for PBCH coverage enhancement without any additional overhead. However, MIB acquisition time will increase.
Figure 1 illustrates the performance for the PBCH. For this analysis, we use MIB size of 24 bits (same as legacy). Together with a 16-bit CRC, the number of bits transmitted on the PBCH is 40. We assume 1 PBCH transmission every 40ms. The propagation channel is ETU1 and EPA1. The antenna configuration is 2Tx-2Rx. Figure 1 shows the performance for different number of PBCH transmissions that are combined together. Note that 3 dB CRS boosting is used but channel estimation is based on a single-subframe. The target BLER is 1%.
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Figure 1. PBCH performance with periodicity of 40 ms.
Figure 1 shows the various SNR operating points for the 1% BLER target. For example, for ETU1 channel, 4 copies will result in 1% BLER at approximately -8.5 dB. If 8 copies are used, the operating SNR can be as low as -11 dB. Even without any repetition, the PBCH can be reliably received at -4 dB for ETU1. For EPA1, performance is approximately 1 dB worse than for ETU1 channel. If we target SINR of -8 dB, then it can be seen that 4 copies of the PBCH would be sufficient to achieve the target BLER. Thus, a similar design to legacy PBCH can be used and UE decoding complexity can remain the same as before.
Observation 1: For PBCH, the required SNRs for ETU1 at 1% BLER operating point are -4.2, -6.5, -8.5, and -11.0 dB using combining across 1, 2, 4, 8 transmissions, respectively.
In order to combine multiple PBCH transmissions, the MIB content must not change. For instance, to combine across 8 transmissions, the MIB content must remain the same for 8x40ms = 320ms. Currently, MIB content changes every 40ms so this would require changing the MIB content. In addition, since UE does not know the beginning of the MIB modification period, it has to test multiple hypothesis simultaneously. For example, to combine across 4 transmissions, the UE will have to try 4 different hypothesis. So while performance improves with the number of transmissions that can be combined, complexity also increases linearly.
Figure 2 illustrates performance using multiple decoding attempts. This technique relies on the UE to keep decoding as many of the PBCH transmissions as needed until it eventually succeeds. Thus performance is given as the MIB acquisition time at a particular SNR. In Figure 2, MIB acquisition times for SNR = -8 dB and -14 dB are given for both ETU1 and EPA1 channels. From the figure, it is seen that at SNR = -8 dB and using only 1 PBCH transmission, 99% of the users can correctly decoding within 200 ms for ETU1 channel. If 2 PBCH transmissions are used, then 99% of the users can correctly decoding within 160 ms. Even at SNR = -14 dB, acquisition is possible using a combination of PBCH transmissions (4 or 8) and multiple decoding attempts. In this case, however, acquisition is long at between 1 – 3 secs. For EPA1 channel, acquisition time is slightly longer than for ETU1 channel. For instance, at SNR = -8 dB, 240 ms is required using 1 PBCH transmission.

Observation 2: UE can reliably acquire MIB using multiple decoding attempts and with combining across a few PBCH transmissions.
Performance results in this contribution show that PBCH can be reliably received even with low periodicity. In fact, using only 1 PBCH transmission, it can be reliably received at -4.2 dB SNR. Together with multiple decoding attempts by the UE, reliable reception down to -8 dB SNR is possible. For FeMBMS, this may be sufficient for cell edge coverage.
If coverage enhancement is necessary or desired, then using combining across multiple PBCH transmissions and/or multiple decoding attempts are sufficient to provide coverage down to -14 dB SNR. This allows for a very simple approach to ensure reliable PBCH reception for FeMBMS.

Proposal: If PBCH coverage enhancement is necessary, use combining across multiple PBCH transmissions and/or multiple decoding attempts.
3 Conclusions

In this contribution, we consider PBCH transmission with low periodicity and make the following observations and proposal –

Observation 1: For PBCH, the required SNRs for ETU1 at 1% BLER operating point are -4.2, -6.5, -8.5, and -11.0 dB using combining across 1, 2, 4, 8 transmissions, respectively.
Observation 2: UE can reliably acquire MIB using multiple decoding attempts and with combining across a few PBCH transmissions.
Proposal: If PBCH coverage enhancement is necessary, use combining across multiple PBCH transmissions and/or multiple decoding attempts.
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(b) SNR = -14 dB, ETU1
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(c) SNR = -8 dB, EPA1
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(d) SNR = -14 dB, EPA1


Figure 2. PBCH acquisition time with multiple decoding attempts (PBCH periodicity of 40 ms).
