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1 Introduction
RAN#65 has approved a Rel-13 work item on “Further LTE Physical Layer Enhancements for MTC” [1]. This contribution discusses some channels and signals that can be received by the new bandwidth reduced UE as is since their channel bandwidth is already less than 1.4 MHz. The Rel-13 WI objectives regarding UE complexity and coverage are probably possible to fulfill using the Rel-12 agreements [2] but it remains to be decided whether the Rel-13 WI objective regarding UE power consumption can also be considered fulfilled or if further enhancements are needed.
2 PSS/SSS
The required PSS/SSS coverage enhancement in order to achieve 15 dB overall coverage enhancement is assumed to be 10.4 dB for Rel-13 low complexity UEs and 6.4 dB for other UEs [3].
According to the analysis on coverage enhancements for synchronization signals PSS/SSS in section 9.5.1 in the study item TR [4], sufficient coverage enhancement can be achieved without changes to the synchronization signals, by non-coherent accumulation of the existing synchronization signals, assuming that the resulting longer synchronization acquisition time is considered acceptable. The TR notes that there is currently no explicit requirement on synchronization acquisition time. The TR also notes that a new PSS/SSS signal may need to be considered if the longer sync acquisition time and associated power consumption increase are not considered acceptable.
For the somewhat more ambitious coverage enhancement target in the TR (11.4 dB), the TR states that initial synchronization (i.e., timing, frequency, and cell ID acquisition) requires up to 2 seconds per center carrier frequency for FDD. The estimate is conservative compared to the simulation results that were provided during the study, see e.g. [5]~[8]. The reason for being conservative was that the available simulation results represented a rather narrow set of simulation assumptions for propagation conditions, etc.
The results discussed so far are primarily related to initial synchronization to a cell, i.e. when no prior information about cell timing is available and the frequency accuracy is rather limited. Another important use of the synchronization signals is to be able to use them for resynchronization after a DRX period (or a sleeping period caused by the Rel-12 UE power saving mode). This scenario differs from initial cell search in that the cell id, and thus the PSS and SSS are known, and also in that the time and frequency inaccuracy may be smaller.

Though sync acquisition times in the order of seconds or more can be deemed feasible for initial cell search, it would be beneficial if the times required for resynchronization would be lower. Otherwise, the power consumption due to sync acquisition after DRX may increase undesirably, which is particularly disadvantageous for battery operated devices.
During the study item, some analysis of the impact of the timing inaccuracy after DRX on the re-synchronization time was provided in [8]. The performance of using the legacy PSS for resynchronization is illustrated in Figure 1, where the cell ID is known and the PSS timing is known to be within a window, ranging from 0.1 ms to 2.5 ms. Simulation parameters are listed in Table 1. As can be seen, the accumulation time is reduced. With timing inaccuracy of 10 s, the 90% acquisition time is approximately halved compared to completely unknown PSS timing (±2.5 ms window). This will reduce somewhat for lower frequency errors.
Table 1: Simulation assumptions for SCH evaluation

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation

	Channel model
	EPA

	Doppler spread
	1 Hz

	Frequency error
	1 kHz

	SNR
	-20 dB

	Performance target
	10% miss probability
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Figure 1: PSS detection probability for 1 kHz frequency error at -20 SNR with different time inaccuracy windows.
RAN4 has provided the following guidance regarding UE frequency errors to the RAN1 D2D work [9][10]:
· RAN1 should assume an initial frequency offset error for a typical UE to be within ±10 ppm.
· For a typical LTE UE, the modulated carrier frequency error after synchronization is required to be within ±0.1 ppm observed over a period of 0.5 ms compared to the carrier frequency received from the eNodeB (as specified in TS 36.101).

· The component of carrier frequency error corresponding to the change in UE’s oscillator frequency due to variations in temperature can be assumed to be in the order of ±0.1 ppm/sec.

Using these assumptions, as an example it seems that it might be possible to use a window smaller than ±10 s if the DRX sleep time is smaller than roughly 100 seconds (since 0.1 ppm/sec drift during 100 seconds results in roughly 10 s error), which would achieve PSS re-synchronization performance corresponding to the top curve in Figure 1.
If the DRX sleep time is much shorter than 100 seconds, the re-synchronization time may be further reduced, whereas if the DRX sleep time is much longer than 100 seconds, the PSS synchronization performance will approach the bottom curve in Figure 1.

It may be possible to do even better during re-synchronization through energy combination of the PSS and SSS signals. Assuming that the SFN and the rest of the MIB content can be regarded as known information by the UE during re-synchronization, it may be possible to use the whole PBCH transmissions as additional synchronization signals. Additional results would be needed to reach a final conclusion but the available possibilities to do fast re-synchronization seem rather promising.

Proposals:

· Agree as a working assumption that legacy PSS/SSS is sufficient for initial physical layer synchronization.

· Agree as a working assumption that legacy PSS/SSS/PBCH is sufficient for physical layer re-synchronization.

Bandwidth reduced UEs that are not located in the centre 6 PRBs can rely on CRS for time and frequency sync maintenance.

3 PBCH

The required PBCH coverage enhancement in order to achieve 15 dB overall coverage enhancement is assumed to be 10.7 dB for Rel-13 low complexity UEs and 6.7 dB for other UEs [3].

It is possible to enhance the PBCH coverage by simply relaxing the tolerable MIB acquisition time. Figure 2 shows PBCH link simulation results provided in an earlier contribution [11], with PBCH decoding using multiple attempts, EPA channel model with 1 Hz Doppler spread, 100 Hz frequency error and realistic channel estimation.
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Figure 2: PBCH BLER, assuming multiple (N) decoding attempts for 1 and 2 receive antennas.
The target PBCH SNR for the required overall 15-dB coverage enhancement is -14.2 dB, and it can be seen in Figure 2 that about 80 attempts are needed for a single receive antenna UE to decode with 99% probability, with no power boosting, which would imply an acquisition time of 80*40 ms = 3.2 s, which may be considered quite high with respect to its impact on latency and UE power consumption.
The MIB acquisition time can be improved by introducing additional PBCH repetitions within each 40-ms PBCH TTI period. During the work with Rel-12 [2], RAN1 agreed to introduce optional PBCH repetitions. It was agreed that RAN1 would choose one option from a shortlist of options.

· 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 the next meeting 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.
The combinations of PBCH repetitions and increased MIB acquisition time that were considered during the Rel-12 work still seem like a reasonable approach assuming that the resulting UE power consumption can be kept low.

The impact from PBCH reception on UE power consumption will depend on how often the UE needs to read the MIB. The MIB contains more or less static information plus the System Frame Number (SFN). During a DRX sleep period the UE experiences some internal clock drift. During a long sleep period the clock may have drifted so far that the UE needs to re-acquire the SFN from MIB rather than trusting its own internal counter. Re-acquiring SFN from MIB after every DRX sleep period could have a severe impact on the UE power consumption.

As mentioned above, RAN4 has provided the following guidance regarding UE frequency errors to the RAN1 D2D work [9]

 REF _Ref403121917 \r \h 
[10]:

· RAN1 should assume an initial frequency offset error for a typical UE to be within ±10 ppm.
· For a typical LTE UE, the modulated carrier frequency error after synchronization is required to be within ±0.1 ppm observed over a period of 0.5 ms compared to the carrier frequency received from the eNodeB (as specified in TS 36.101).

· The component of carrier frequency error corresponding to the change in UE’s oscillator frequency due to variations in temperature can be assumed to be in the order of ±0.1 ppm/sec.

For the extremely long DRX cycles (>100 seconds) that may be considered in the study item on extended DRX cycles [12], the UE clock error after a DRX sleep period would correspond to the initial UE frequency offset error, the clock drift would be ±10 ppm which corresponds to almost 0.6 ms drift per minute. This means that the clock would drift half a frame (5 ms) in about 8 minutes. So if the DRX sleep period is longer than 8 minutes the UE would need to receive PBCH in order to re-acquire MIB.
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Figure 3: Battery life gain vs DRX cycle length for different packet inter-arrival times. In this example it is assumed that the UE needs to read PBCH every 300 seconds in order to re-acquire SFN.

Figure 3 illustrates this situation, with a MIB re-acquisition timer set to 300 seconds. It can be seen that under these assumptions (UE clock error after a DRX sleep period corresponding to ±10 ppm initial UE frequency error), the battery life gain from DRX would be limited by the need to re-acquire MIB.

For shorter DRX cycles (<100 seconds) the UE clock error after a DRX sleep period would correspond to the ±0.1 ppm/sec variation. In these cases the UE would not need to re-acquire MIB after a DRX sleep period (assuming that the UE wakes up in the same cell).

Observation:

· MIB re-acquisition may limit the battery life gain from extended DRX cycles if these cycles are longer than in the order of 8 minutes.
· The same may be true for the Rel-12 UE power saving mode with TAU cycles longer than in the order of 8 minutes.
4 Conclusions
Observation:

1. MIB re-acquisition may limit the battery life gain from extended DRX cycles if these cycles are longer than in the order of 8 minutes.
2. The same may be true for the Rel-12 UE power saving mode with TAU cycles longer than in the order of 8 minutes.
Proposals:

1. Agree as a working assumption that legacy PSS/SSS is sufficient for initial physical layer synchronization.

2. Agree as a working assumption that legacy PSS/SSS/PBCH is sufficient for physical layer re-synchronization.
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