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1 Introduction

This tdoc analyses and compares two PBCH coverage extension solutions. One solution repeats a little (3X repeat), and the other solution will repeats a lot (20X repeat).  Both solutions use intermittent PBCH burst transmissions but the 3X Repeat solution will transmit the burst more frequently than the 20X Repeat solution. The following aspects were analysed and discussed in this tdoc:

· Flexibility to support different PBCH coverage gains 
· Flexibility to support different PBCH acquisition times

· PBCH System overhead for different PBCH coverage gains and PBCH acquisition times

· Specification impacts

· UE complexity considerations

· eNB complexity considerations

· Other miscellaneous considerations

This tdoc also proposes to start evaluation and specification on one of these two solutions.

2 Repeat Solutions

The two PBCH repeating solutions were evaluated; one that repeats a little, frequently, and one that repeats a lot infrequently. Both solutions were designed to be capable of providing PBCH coverage gains between 0 and 10.7 dB and both were designed to support MIB acquisition times from 400ms to 2000ms.  
So as to not increase UE complexity through increased blind decoding, variable length repetition solutions were not considered, only fixed repetition solutions. In addition, PBCH solutions that use a new compressed MIB were not considered in this study.
2.1 Repeat 3X Solution
For the Repeat 3X Solution, 3 additional copies of the PBCH frame (beyond the current legacy copy) will be frequently but not necessary continuously sent by the eNB.  The resulting PBCH coverage gain and the MIB acquisition time can be set by the eNB by varying how often the 3X repeats are sent.  Some examples are shown in the table below:

	PBCH Coverage

Gain
	MIB Acquisition Time
	How often eNB need to

sends 3X repeats

	10.7 dB
	400ms
	At least 7 times in 400ms 

	9 dB
	400ms
	At least 2 times in 400ms

	6 dB
	400ms
	none

	10.7 dB
	1000ms
	At least 5 times in 1000ms

	9 dB
	1000ms
	At least 1 time in 1000ms

	6 dB
	1000ms
	none

	10.7 dB
	2000ms
	At least 1 times in 2000ms


For example, when the required PBCH coverage gain is 6 dB and MIB acquisition time required is 1000ms, then the gain from the “keep trying” method is enough so the 3X repeats never need to be sent.
As suggested by [1], keeping the repetitions within the same subframe (i.e. SF0 and SF5) as the SSS/PSS has less impact on cell search procedure, inter-frequency measurements etc. One example of such a 3X repetition scheme is shown in Figure 1:
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Figure 1: Repeat PBCH 3X within SF0 and SF5

For the PBCH system overload evaluation in section 3.1, the results are extrapolations from [2]. 
2.2 Repeat 20X Solution
For this solution, 20 additional copies will be sent periodically.  2x2 receiver results in [3] showed that 30 repeats were required to obtain 10.7 dB PBCH gain. There is no simulation results submitted to RAN1 for 2x1 EPA1, CFO=100Hz for high repetition so as to not bias the study against this solution, an optimistic value of 20X repeats was used. 
The resulting the MIB acquisition time can be set by the eNB by varying how often the 20X repeats are sent.  
Some examples are shown in the table below:

	PBCH Coverage

Gain
	MIB Acquisition Time
	How often eNB need to

sends 20X repeats

	10.7 dB
	400ms
	At least 1 time in 400ms 

	10.7 dB
	1000ms
	At least 1 time in 1000ms

	10.7 dB
	2000ms
	At least 1 time in 2000ms


With this solution, there is no way for the eNB to adjust the resulting PBCH coverage gain. It will always be 10.7 dB   because this solution only supports 20X repeat levels which provide 10.7 dB.  If different repeat levels would be supported, different PBCH coverage gains could be supported but this would be at the cost of adding more complexity to the UE in the form of blind PBCH decodes. As mentioned, in the introduction, the variable repetition solution was not considered due to this increase in UE complexity.
3 Comparison

3.1 PBCH System Overhead

This section analyses the increase in PBCH overhead for the two solutions as a function of PBCH coverage gain and PBCH acquisition time.

As the WID [4] indicates, the network coverage improvement targets a maximum of 15dB but a MNO or eNB autonomously may want to configure a sector to provide less coverage improvement than 15 dB, for example, to reduce system overhead in that sector or to reduce the load on a cell by slowing down or preventing UEs in very low coverage with high resource demands to acquire an use the congestion sector. Given this need, the PBCH overhead was calculated for different level of PBCH coverage gain 3, 6, 9, and 10.7 dB. 

As tdoc [5] suggests, the MIB acquisition time is a service requirement which depends on commercial market requirements thus it is desirable for the MNO to be able to configure its network to support different MIB acquisition times. Tdoc [5] recommends the network support a MIB+SIB acquisition time in the range of 2-10 seconds. Given this, the PBCH system overhead was calculated for three MIB acquisition times 400ms, 1000ms, and 2000ms.

The following figures show the increase in PBCH resources for different MIB acquisition times and different PBCH coverage gains: 
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Figure 2: Increase in PBCH resources vs PBCH Coverage Gain for various MIB Acquistion Times
For maximum PBCH network coverage gain and short MIB acquisition times (< 1 sec), the 3X Repeat and 20X Repeat solutions use similar amounts of PBCH network resources.

For < max PBCH network coverage gain and MIB acquisition time > 1 second, the 3X repeat solution uses less PBCH network resources.

3.2 3X Repeat solution advantages

Fewer specification changes
· Repeating PBCH within SF0 and SF5 is possible which minimize impact on cell search procedure, inter-frequency measurements, etc 
This solution can be used for TDD and FDD 

Lower UE Implementation Complexity

· UE complexity is slightly lower since less repeats need to be processed and combined.
eNB scheduling more efficient
· It is easier for the eNB to schedule smaller repeat burst (3X) than big bursts of repeats (20X)

· This should lower jitter (e.g. 20X will require most of the resource for 40ms in a 1.4MHz system) 

MIB acquisition time scales with UE Coverage Condition

· If a UE is operating on a cell that is configured to provide the maximum 10.7dB of PBCH coverage gain but the UE is only in a coverage hole that requires, for example 5 dB of coverage, the MIB acquisition time will be much faster for this solution. 
3.3 20X Repeat solution advantages

The PBCH decoder operates at a more conventional 1% BLER.
4 Summary
Similarities:

· Both solution use similar amount of PBCH network resource for network configurations where the maximum 15dB network coverage and short MIB acquisition times (< 1sec) are desired 
· Both solutions can be configured to provide different MIB acquisition time and different PBCH coverage gains.

· Both solutions can utilize PSD when available.
Advantages for 3X repeat solution:

· Uses less PBCH network resources for network configuration where  <15dB network coverage or MIB acquisition time > 1 sec are desired 
· Fewer specification changes
· Solutions can be used for TDD and FDD 

· Lower UE implementation complexity

· More efficient eNB scheduling 

· MIB Acquisition time scales with UE Coverage 

Advantages for 20X repeat solution:

· PBCH decoder operates at 1% BLER
5 Proposals and Observations
Observation: The PBCH 3X Repeat solution has more advantages than the 20X Repeat solution.

Proposal:  RAN1 should focus on evaluating and start to specify a PBCH coverage enhancement solution with 3 repeats. 
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