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1 Introduction

RAN1#78bis meeting achieves the following agreements. 

Agreements:
· Investigate whether the agreements and working assumptions from Rel-12 low cost MTC WI are applicable or whether further enhancements are needed
· Focus on PSS/SSS, PBCH, and PRACH in RAN1 #79 meeting and focus on other channels in RAN1 #80 meeting

· UE power consumption is the new aspect to be considered
This paper proceeds to discuss the applicability of Rel-12 agreements for PBCH coverage enhancement and whether further enhancements are needed.
2 Applicability of Rel-12 agreements 
The following is the last agreements achieved in Rel-12. 

Agreements:
· 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.
Basically the agreements in Rel-12 are about repeating the legacy PBCH in each 40ms cycle and deciding how many/which subframes are used for repetitions. Note that the two crucial differences from Rel-12 are that Rel-13 LC-MTC only needs to support 1.4 MHz bandwidth in downlink and uplink and the requirement of power consumption reduction [1].
For narrowband supporting, no matter how many and where the narrowbands are located in the entire carrier, PBCH could still repeat on the carrier center, and reduced bandwidth UEs could switch back to if not working on the carrier center narrowband for PBCH when required. In addition, normal UEs operating MTC applications could receive the PBCH repetitions as well in coverage extension. The requirement of reducing power consumption assists selecting the repeating manner. 
Overall, it is seen that the new of Rel-13 does not affect the Rel-12 agreements, 

Observation: Reduced bandwidth does not affect the applicability of the previous agreements for PBCH/MIB coverage enhancement achieved in R12. 

3 Whether further enhancements are needed
MIB includes 10 bits SFN, 3 bits DL bandwidth, and 3 bits PHICH-config. There was discussion in the last meeting that maybe only 10 bits SFN are mandatory for Rel-13 MTC UEs. However, though it is clear that Rel-13 MTC UEs only supports 1.4MHz, the DL bandwidth in MIB indicates the system carrier bandwidth which could facilitate receiving SIBs if SIBs are scheduled across the entire carrier bandwidth. In general, fields that may be known by assumption for Rel-13 MTC UEs (e.g. DL bandwidth, PHICH-config) can be considered for assisting initial access by MTC UEs, as was discussed in Rel-12. . 
Moreover, it is required to extend the coverage for other normal UEs operating MTC applications as well. For such UEs maybe all MIB contents are mandatory, especially if such UEs are sometimes out of the need of coverage extension. In addition, if further enhancing PBCH/MIB by removing some contents (e.g., PHICH-config and/or DL bandwidth), the legacy PBCH is still needed to be there for normal UEs and could not be combined with a new PBCH/MIB and its repetitions. 
Proposal 1: Reduction of MIB contents is not needed.

4 Coverage enhancement for PBCH/MIB

If proceeding to select the repeating manner based on the Rel-12 agreements, power consumption reduction should be taken into account. Four example solutions as following are comparatively analyzed:
a) Sol. 1: Using one subframe (Option 1), and the 40 ms cycles are continuous (Option A),

b) Sol. 2: Using two subframes (Option 3), and the 40 ms cycles are intermittent (Option C), 

c) Sol. 3: Using two subframes (Option 3), and the 40 ms cycles are continuous (Option A), 

d) Sol. 4: Using four subframes (Option 4), and the 40 ms cycles are intermittent (Option C). 

The simulation results for the four solutions are summarized in Table 1 which includes the latency & overhead for combinations of Opt. 1 & C, Opt. 2 & A, and Opt. 2 & C respectively as well. Note that the intermittent transmission interval in the combination of Opt. 2 & C is 80 ms, i.e., one 40 ms burst per 80 ms. 

Table 1: Comparison among combinations of options to achieve the 15 dB cell coverage extension target
	1st selection

2nd selection
	Option 1
	Option 2
	Option 3
	Option 4

	Option A
	Latency (ms)
	2880
	[1333, 1920]
	1000
	360

	
	Overhead
	4.76%
	4.76*3/2=7.14%
	4.76%*2=9.52%
	4.76%*4=19.04%

	Option C
	Latency (ms)
	>2880
	[2667, 3840]
	2000
	1440

	
	Overhead
	<4.76%
	3.57%
	4.76%
	4.76%

	Option B
	The latency is longer but the overhead is lower than that of the corresponding combinations of options for the 1st selection and options for the 2nd selection, but the increase in latency or decrease in overhead depends on how often the burst is on. 


Based on the comparison in Table 1, in general, one observation is when more subframes are used for repetitions in a burst; fewer bursts are required to meet the target performance, so that the latency is shorter and the shorter active receive time would benefit power consumption reduction. 

Proposal 2: Select Opt. 3 or 4 for the repetition burst definition within the 40 ms PBCH cycle to keep the latency under 2 seconds and low power consumption.

Opt. A with always sending repetitions in every 40 ms cycle is undesirable, as the latency is almost 3 seconds if combined with Opt. 1 or the overhead would be too high if combined with other options (Opt. 2 – Opt. 4).
Opt. B with dynamic on/off of repetition bursts has neither the specified maximum interval between two adjacent PBCH burst transmissions nor the predefined occasions on which the PBCH burst is expected to be transmitted. The eNB can decide when to transmit the repetition bursts. However, power consumption is a significant concern in such case. Specifically, if the repetition bursts were not transmitted for a long time, say 10 hours, UE power could be exhausted if UE keeps trying to decode, as UEs are unaware whether the PBCH burst is just dynamically off or will never be transmitted. Specifying a maximum interval between two adjacent transmissions will be helpful to UEs to judge on keeping or stopping decoding, e.g., 1 minute.
In Opt. C, the repetition bursts are transmitted on the predefined occasions. UEs could retrieve MIB when necessary on the predefined occasions by indexing based on SFN. For initial access UEs, who do not know the SFN, the maximum latency for MIB acquisition will not be longer than the interval of two consecutive occasions. However, in order to reduce the overhead or if normal UEs with high priority need to be served, the eNB could skip transmitting the repetition bursts in some of the predefined transmission occasions, but the latency in the worst case would be longer depending on how many consecutive occasions are skipped for transmitting the PBCH burst. In this case, it will benefit UE power consumption to specify the maximum interval and the occasions on which the PBCH repetition bursts must be transmitted, e.g., 1 minute between two successive occasions on which the repetition bursts are really transmitted, and during the interval it is up to eNB implementation to send as the case might be. 

Overall, Opt. C is preferable for configurations of transmission across 40 ms cycles. The following proposals are derived from the analysis as above:

Proposal 3: Opt. C with intermittent repetitions on the predefined occasions is preferable.
Proposal 4: Skipping the PBCH repetition burst transmissions on some predefined occasions is allowable, but the maximum interval between two occasions of real transmissions needs to be specified, e.g., 1 minute.
5 Discussion on RE mapping

Two aspects related to RE mapping are which subframes per radio frame are used and how the PBCH is mapped in each subframe. The main issues include the possible collision with CSI-RS and whether there is integer or non-integer number of PBCH repetitions per radio frame. Note that one PBCH repetition is one of the four repetitions of the MIB.

There was a concern that CSI-RS REs corresponding to some configurations may collide with PBCH repetitions. In pre-R13 specifications, the UE shall assume that CSI-RS are not transmitted in subframes configured for transmission of paging messages for any UE with the cell-specific paging configuration. Hence, if the PBCH repetition occurs in the paging subframes, the collision possibility would be minimized. 

Specifically, when two subframes per radio frame are used for PBCH repetitions,

· For FDD, subframes #4 and #9 are used, and 

· For TDD, subframes #0 and #5 are used. 

When four subframes per radio frame are used for PBCH repetitions,

· For FDD, subframes #0, #4, #5 and #9 are used, and 
· For TDD, subframes #0, #1, #5 and #6 are used.
Note that subframe #0 used for PBCH repetitions should preclude the resources used for the legacy PBCH transmission.

Regarding the RE mapping in each subframe, it was agreed that user data and MIB repetition are assumed not to be sent in the same PRBs, so the available REs in the center 6 PRBs of each candidate subframe should be used for repetition mapping as much as possible and note that it may makes non-integer repetitions per candidate subframe. Considering that UEs would blindly decode the PBCH repetition bursts by sliding the reception window according to the radio frame boundary, it is beneficial to keep the RE mapping of the PBCH repetitions per radio frame the same. The available REs in each candidate subframe may not make integer repetitions, but rate matching for PBCH could be performed over all the available REs of all candidate subframes per radio frame, and it is not relevant whether the total number of available REs gives an integer or non-integer repetitions. 

The proposals for RE mapping include:

Proposal 5: PBCH repetitions occur only in subframes configured for transmission of paging messages for any UE with the cell-specific paging configuration. 

Proposal 6: Keep RE mapping of the PBCH repetitions per radio frame the same.

6 Conclusions
This contribution proceeds to discuss the applicability of Rel-12 agreements for PBCH repetitions and observes that the new of Rel-13 does not affect the Rel-12 agreements. Possible further enhancements to PBCH/MIB are analyzed and the continuing work if starting from Rel-12 agreements is discussed as well, which concludes the following proposals:
Proposal 1: Reduction of MIB contents is not needed.

Proposal 2: Select Opt. 3 or 4 for the repetition burst definition within the 40 ms PBCH cycle to keep the latency under 2 seconds and low power consumption.

Proposal 3: Opt. C with intermittent repetitions on the predefined occasions is preferable.
Proposal 4: Skipping the PBCH repetition burst transmissions on some predefined occasions is allowable, but the maximum interval between two occasions of real transmissions needs to be specified, e.g., 1 minute.
Proposal 5: PBCH repetitions occur only in subframes configured for transmission of paging messages for any UE with the cell-specific paging configuration. 

Proposal 6: Keep RE mapping of the PBCH repetitions per radio frame the same.
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