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Discussion and Decision
1
Introduction
A WI on further LTE physical layer enhancements for MTC has been approved in Rel-13 [1]. Key detailed objectives include –

· Specify a new Rel-13 low complexity UE category/type for MTC operation.
· Target a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications.
· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage, to target ultra-long battery life
In this contribution, we consider the PBCH design with respect to power consumption and coverage enhancement.
2
PBCH Acquisition Time
As in on the link budget analysis in [1], the cell edge DL SINR can be assumed to be approximately -4dB. For PBCH transmission, 1% BLER is used as the target error performance. Figure 1 illustrates the link-level performance of the PBCH for a 10MHz FDD system. Simulation assumptions are described in [2]. Multi-subframe channel estimation is used here together with 3dB CRS boosting.
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Figure 1. PBCH performance for LC-MTC UE (FDD).

From the results, it is seen that for normal coverage, Rel-13 LC-MTC UE would be able to decode the PBCH reliably within the 40ms and therefore there is no need to modify the PBCH for LC-MTC. Note that the acquisition time for 99% success rate is 40ms, so power consumption is not an issue in normal mode.
In coverage limited situation, two coverage enhancement techniques have been identified - repetition and multiple decoding attempts as shown in Figure 2. 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. It relies on channel fading and noise variations to imply that the decoding will eventually be successfully. Note that even for a stationary UE, a Doppler of 1 Hz is reasonable due to changes in the environment and surroundings. 
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Figure 2. PBCH coverage enhancement techniques – repetition and multiple decoding attempts.

Figure 3 illustrates PBCH performance at SNR=-14.2dB (corresponding to the SNR at MCL of 155.7 dB based on coverage enhancement of 15dB) with multiple decoding attempts and various repetition factors. From the figure, it is seen that without any extra PBCH transmission (i.e. 4 transmissions within 40ms period), the acquisition time for 99% decoding success rate is approximately 6 secs. With 1 additional repetition (i.e. 8 transmissions within 40ms period), the acquisition time reduces to approximately 3 secs.  Note that these times are for 99% decoding success rate which may be considered as a worst case scenario. In practice, most UEs will be able to acquire the PBCH much sooner than this.
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Figure 3. PBCH (MIB) acquisition time with multiple decoding attempts, SNR=-14.2dB.

Table 1 summarizes the acquisition time for the different repetition factors and success rates. From the table, it is seen that the acquisition time drops significant with 8 PBCH transmissions within 40ms period. However, as more repetitions are added, the reduction in acquisition time is not as significant.
 Table 1. PBCH acquisition time at SNR=-14.2 dB.
	No of PBCH Transmissions in 40ms
	Acquisition Time (ms)

	
	90% Success Rate
	95% Success Rate
	99% Success Rate

	4 (legacy PBCH)
	2840
	4000
	6000

	8
	920
	1520
	3000

	12
	520
	920
	2200

	16
	320
	560
	1600

	32
	80
	200
	920


From a power consumption perspective, UE in normal coverage can acquire the MIB within 40ms. For UEs requiring 15dB coverage enhancement, it is seen that system acquisition time of less than 1 second is possible with 90% success rate when repetition is supported. These UEs, however, can only support data rates of at most a few hundred bits per second. Assuming a data rate of 200 bps and payload of 1000 bits as used in [1], the UE would need 5 secs just to transmit the payload. This does not include other times such as synchronization, random access, and RRC configuration. Also note that UE consumes much more power in Tx than Rx mode (e.g. 80mA current drawn in Tx and 20mA in Rx [4]). Thus, even if PBCH acquisition time is further optimized, it is expected that power consumption will not be significantly reduced.  
Observation 1: Using repetition and multiple decoding attempts for acquiring PBCH does not introduce significant impact to power consumption. No further enhancement is needed for optimizing PBCH acquisition time.
3
PBCH Coverage Enhancement

In RAN1#75, PBCH repetition burst and configuration for enhanced coverage mode were discussed and it was agreed to select the repetition amount from one of the following options –

· Option 1: Repetition in SF#0 (8 PBCH Tx in 40ms)
· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames (12 PBCH Tx in 40ms)
· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames (16 PBCH Tx in 40ms)
· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames (32 PBCH Tx in 40ms)
The four options are illustrated in Figure 4. 
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Figure 4. PBCH repetition options.

The acceptable latency for mobile originated traffic from event trigger to reception of reported application message by eNB is expected to be less than 5 seconds. Option 1 has very long acquisition time which would not meet the latency requirement. If Option 2 is used, then the latency may still be an issue as approximately 2 secs will be required for 99% MIB acquisition success rate. The PBCH overhead from repetition of the four options for a 10MHz system are 0.7%, 1.0%, 1.4%, and 2.7% respectively. If we consider a 1.4MHz system, however, the overhead from the four options are 5.7%, 8.6%, 11.4%, and 22.9% respectively. For systems with smaller bandwidth, it is clear that the overhead from Option 4 with continuous repetition is too high. Option 3 represents a good compromise between overhead and acquisition time. Therefore, it is proposed that Option 3 should be adopted.
Proposal 1: PBCH is repeated in SF#0 of all radio frames + repetition in 1 other sub-frame in all frames. 
Furthermore, PBCH repetition can be configured using one of the following options –

· 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
For PBCH configuration, both intermittent (either dynamic or via pattern) and continuous (always on) repetition have been proposed. Continuous means the PBCH repetition is always on if it is supported by the eNB. However, the UE does not know if eNB supports this feature or not. Dynamic means PBCH repetition can be dynamically configured every 40ms cycle. It is not known at the UE whether repetition is used or not. Pattern means that a pattern can be configured based on a multiple of 40ms cycle. It is also assumed that the UE does not know the pattern and will have to determine this blindly. The key advantage with dynamic or pattern-based configuration is that the amount of PBCH overhead can also be configured by the network. 

At the UE, it must make independent decoding decision on the MIB decoding every 40ms (since the MIB across the 40ms boundary cannot be combined). From a performance perspective, continuous transmission naturally has the smallest latency. In term of overhead, the overhead for continuous transmission is 11.4% for 1.4MHz carrier but only 1.4% for 10MHz carrier. In term of UE’s computation complexity, this depends on the receiver algorithm at the UE side. It is, however, reasonable to assume that the computation is similar for all methods with possibly slightly less UE complexity if continuous transmission is assumed. From the eNB implementation perspective, it is definitely easiest to always have PBCH repetition on. Since the repetition amount was already selected to balance between latency and overhead, continuous repetition is preferred to ensure that the latency requirement can be met.
Proposal 2: PBCH repetition is either dynamically configured or always applied on predefined subframe/radio frame in every 40ms cycle in enhanced coverage mode.

4
Conclusion
In this contribution, we consider the PBCH design with respect to power consumption and coverage enhancement. It is seen that PBCH acquisition time using repetition and multiple decoding attempts is acceptable from a power consumption perspective. No further enhancement is needed. Furthermore, it is proposed that –
· PBCH is repeated in SF#0 of all radio frames + repetition in 1 other sub-frame in all frames.

· PBCH repetition is either dynamically configured or always applied on predefined subframe/radio frame  in every 40ms cycle in enhanced coverage mode.
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