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1 Introduction

In RAN1#80, the following was agreed for the PBCH transmission in support of coverage enhancements for Rel-13 low cost UEs. 

Agreements:
· Narrow down the options for PBCH coverage enh as follows:
· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 

· FFS until RAN1#80bis which REs should be excluded for PBCH repetition

· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”

· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:

· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.

· Choose among Option 1-A or 2-A or 3-B or 3-C or 4-B or 4-C in RAN1#80bis
Conclusions:

· For RAN1 #80bis meeting,

· When evaluating options, companies should clearly define the configuration of transmission across 40ms cycles and the network and UE behaviors.

· Power consumption, latency, complexity, and overhead should be considered.

This contribution considers PBCH coverage enhancement aspects for the above design alternatives including performance, latency, power consumption, complexity, and overhead. 

2 PBCH Transmission and Contents 
Assuming a Rel-13 low cost UE with 20 dBm PA, the required coverage enhancement for PBCH is 10.7 dB implying that a target of 1% BLER should be achieved at -14.7 dB (SINR of -4 dB is required for 1% BLER for a 10 MHz system, EPA 1Hz channel and 2Tx/1Rx).

Figure 1 shows the time required for options 1, 2, 3, and 4 for 99% detection probability for the PBCH at -14.7 dB SINR, 2Tx/1Rx, and the EPA 1 Hz channel for a FDD system [1]. With option 1, about 3 seconds are needed for PBCH detection. The required time decreases approximately linearly with the number of repetitions (e.g. ~2800 for 9 repetitions, ~1400 for 18 repetitions, and ~650 for 40 repetitions). The required time can be significantly larger for a TDD system when inter-subframe CRS interpolation is not possible.
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Figure 1: Time for 99% PBCH Detection Probability vs. Number of PBCH Repetitions
When attempting to reach conclusions for a system design from simulation results, care should be exercised for the simulation assumptions to reflect reality and to not introduce artifacts. Even though a Doppler shift of 1 Hz is assumed for the EPA channel in order to reflect a stationary UE, the time scales involved in PBCH detection are very large and introduce significant time diversity that can occasionally result to significant higher SINR than the average SINR (e.g. 5-10 dB higher) and allow a UE to detect the PBCH even when the average SINR is extremely low. Such time diversity is unlikely to exist in practice as the channel is often likely to be purely static. For example, a stationary device located in a basement and accessing the network in the middle of the night is unlikely to observe any time diversity in the channel. The effect from the absence of time diversity over a large number of repetitions is also the explanation for the results in [2] where, for a Ricean channel with K=10, the BLER was actually worse by ~1.0 dB relative to the EPA 1 Hz channel. This implies that the PBCH detection times will be ~30% higher for a Ricean channel than for an EPA 1Hz one. PBCH detection times will further increase due to receiver non-idealities, especially at very low SINRs, that are not considered in simulations, such as filtering and synchronization non-idealities, AGC/ADC operation, etc. 

In general, system design should be robust to any real-world deployment and account for realistic Tx/Rx implementations, particularly for operation in extremely low SINRs. For other channels, this can be achieved by controlling the configured number of repetitions. For the PBCH, configuration is not possible and the system design should ensure robustness by providing a sufficient number of repetitions (with possible over-provisioning compared to the number indicated by baseline simulations). The most important metric is to ensure that Rel-13 low cost UEs can actually detect the PBCH and do so with reasonable latency. 

Power consumption is not an issue for any of the options, even for ones resulting to large PBCH detection latency, as UE power consumption is dominated by UL transmissions.  
UE complexity is also not an issue. During initial access, the UE does not know whether or not the network supports PBCH repetitions and needs to detect the PBCH according to respective two hypotheses. At least for low cost UEs requiring a small coverage enhancement, the RSRP measurement may not be used to determine whether or not to detect the PBCH assuming repetitions due to the 3 dB measurement error from RF non-idealities (which may be even larger for a low cost UE), and the likely baseband measurement error in low SINRs (while also considering that low cost UEs have 1 Rx antenna). Further, there is practically no UE complexity for detecting PBCH with two hypotheses as the TBS is small, there are no additional buffering requirements (a low cost UE is able to receive data TBs of 1000 bits), buffering/combining is also needed for conventional PBCH detection, combining of potential repetitions can be at I/Q level, and a single TBCC decoder (operating at different time instances) can be used for the two hypotheses.
Overhead is also not an issue. For option 1-A, there is little use for other purposes of the middle 6 RBs in subframe #0. For intermittent PBCH repetitions (options 3/4-B/C), the network can align the repetitions with the (extended) DRX patterns for the low cost UEs. This obviously does not help for initial system access where a long PBCH detection time can still occur but the overall impact of this is negligible as UEs that require large coverage enhancements typically have limited/no mobility and practically every time they need to detect the PBCH is for reacquiring the SFN due to clock drift after an extended DRX. 

Based on the above analysis, option 4-B or option 4-C is preferred. As option C involves RRC configuration, it can be optional and a network can always apply option B if it so chooses.

Proposal: PBCH repetitions are according to option 4-C. 

3 Conclusions

This contribution considered aspects for PBCH transmission with repetitions for Rel-13 low cost UEs and proposes the following.
Proposal: PBCH repetitions are according to option 4-C. 
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