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1 Introduction

It was agreed in the last meeting that PBCH as well as other channels will require further evaluation and/or analysis in the SI. After the online discussion on PBCH, it was observed that:
· Further analysis/evaluation is needed until the next meeting for PBCH by focusing on

· Repetition/Low rate coding/Spreading

· Note that repetition only can happen during 40 msec period assuming existing MIB

· Design new PBCH and/or new contents for some or all system information

· PSD boosting

This contribution will provide further evaluation and analysis for some potential solutions for improving PBCH coverage. 
2 Repetition/Low rate coding and PSD boosting
The PBCH is transmitted during 4 consecutive radio frames starting in each radio frame fulfilling SFN mod 4 = 0. Each of segments (if the transmission of PBCH in the first subframe of each radio frame is called a segment) is scrambled by a specific sequence and then mapped into the first 4 OFDM symbols of the second slot in subframe #0. Hence, the two least-significant bits of the SFN can be deduced from the specific scrambling sequence used in the specific radio frame. 
One candidate solution for PBCH coverage improvement is that each segment repeats transmission in each of the following subframes (from subframe #1 to #9) within the radio frame as depicted in Fig. 1 with different color lines representing different segments, and resource mapping in each subframe is the same as subframe #0. UE could improve the received SNR by combining the repetitions, and from the system perspective PBCH coverage can be improved as well. 
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Fig. 1: PBCH repetitions in 40 ms (FDD)
The performance of PBCH repetitions for FDD systems as in Fig. 1 in comparison with the legacy PBCH transmission scheme is provided in Fig. 3. Parameters for simulations refer to some of parameters for downlink data channels agreed in [1], i.e., 100 Hz frequency tracking error, 1Hz Doppler spread and EPA channel model are used. It is observed from Fig. 3 that channel estimation through multiple frames (pink curve) can benefit PBCH repetitions about 1 dB over channel estimation based on a single subframe (green curve); repetitions in 40 ms with channel estimation through multiple subframes can provide about 8 dB gains over combining the legacy PBCH transmission in four subframes with channel estimation by a single subframe (blue curve) at 
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 BLER. However, PBCH needs a boost of 11.7 dB according to the coverage analysis in [2], so it cannot achieve the target with 40 times PBCH transmission in a period (40 ms). 
If increasing transmission power by 4 dB is included with PBCH repetitions in 40 ms for FDD systems, about 12 dB gain can be achieved. For TDD systems, there are not enough resources to transmit PBCH 40 times with each subframe the same resource mapping as the subframe #0. The target for PBCH coverage improvement may still be fulfilled, but will need much more than 4 dB for PSD boosting.

Hence, one observation is obtained as below:
Observation 1: The target for PBCH coverage improvement could be fulfilled by joint PBCH repetitions in a period of 40 ms and PSD boosting. 
However, PBCH repetitions will cause low spectral efficiency because almost all of resources of the center 6 PRBs will be occupied by PBCH repetitions all the time, and there are almost no available resources for transmissions of other downlink channels especially when the system bandwidth is 1.4 MHz, on the other hand, in which case MTC UEs may at most perform four trials compared to a new PBCH design due to lacking knowledge of the start radio frame of a PBCH period before decoding PBCH correctly. MTC UEs need to buffer and combine the 40 times PBCH transmission for better detection performance, and the least latency to obtain PBCH is 40 ms. 
This solution seems to have less impact on specifications compared to a new PBCH design. Specifications may only need to define that the PBCH segment in the first subframe will repeat mapping to each of the remaining subframes within each radio frame when mapping PBCH to resource elements. 
Moreover, it may cause impact on systems when PSD boosting is used. It will cause inter-cell interference as well as impact on eNB scheduling since the total downlink power allocated to other PRBs except the center 6 PRBs will be reduced due to the PBCH PSD boosting. 
3 New PBCH design

New PBCH design includes xPBCH (denoting the newly designed PBCH) transmitted within a longer period, and/or carrying different contents (including a compact MIB with some (bits of) IEs removed out compared to the legacy MIB, or merging a compact MIB together with some system information abstracted from SIBs), etc. 
1) xPBCH transmitted within a longer period
xPBCH transmitted within a longer period provides possibility to improve coverage for MTC UEs in a more efficient way in terms of spectral efficiency in comparison with joint PBCH repetitions in 40 ms and PSD boosting. 

If extending the period from 40 ms to 80 ms, the seven most-significant bits of the SFN only need to be carried on xPBCH (besides downlink bandwidth 3 bits, PHICH configuration 3 bits and 10 spare bits), and the remaining three bits of SFN are deduced from the scrambling sequences. As in Fig. 2, taking FDD systems as an example, xPBCH is transmitted during 8 consecutive radio frames starting in each radio frame fulfilling SFN mod 8 = 0. Each of segments is scrambled with a specific sequence and then mapped into the first 4 OFDM symbols of the second slot of subframes from #1 to #9. The legacy PBCH still remains in the first subframe. 
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Fig. 2: xPBCH repetitions within a longer period (FDD)
Totally xPBCH can transmit 
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times in the 80 ms period as shown in Fig. 2, only 2 dB gains over 40 times transmission in the 40 ms period at 
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 BLER are obtained by simulations from Fig. 3. About 2 dB PSD boosting is still needed to achieve the coverage target. Its drawback is that almost all of the center 6PRBs resources will be occupied and inter-cell interference will be caused by PSD boosting. 
If extending the period to 160 ms, xPBCH can transmit 
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times, in which case only 6 bits of SFN will be conveyed on xPBCH (besides downlink bandwidth 3 bits, PHICH configuration 3 bits and 10 spare bits), and about 4 dB gains over 40 times transmission in the 40 ms period at 
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 BLER are obtained by simulations from Fig. 3, which may make xPBCH achieve the coverage target without PSD boosting. 
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Fig. 3: Performance of (x)PBCH combining, where s-sf-CE (m-sf-CE) denotes single (multiple) subframe channel estimation
Alternatively, if xPBCH is transmitted in the first half of 16 radio frames, then 72 times transmission will take place in 160 ms but a half of the center 6 PRBs resources will be saved, and the performance will be almost the same as that of xPBCH repetitions in 80 ms. Hence, xPBCH transmitted in a longer period can provide the system with a trade-off between resource occupancy and performance gains as summarized in Table 1.
Table 1: The trade-off between resource occupancy and performance gains
	
	Resource occupancy
(PBCH & xPBCH)

Unit: subframes
	Performance gains
(Compared to combining the legacy PBCH in 4 subframes in 40 ms)

Unit: dB
	Need PSD boosting?

	Repetitions in 40 ms
	40
	~8
	Yes
(~4 dB)

	Repetitions in 80 ms
	80
	~10
	Yes
(~2 dB )

	Repetitions in 160 ms
	160
	~12
	No

	
	80
	~10
	Yes

(~2 dB )


The above analysis leads to the following observation:

Observation 2: xPBCH (newly designed PBCH) transmitted within a longer period can provide a trade-off between resource occupancy and performance gains. For FDD systems,
· xPBCH transmitted in 80 ms with 2 dB PSD boosting can achieve the coverage target. 

· xPBCH transmitted in 160 ms without PSD boosting can achieve the coverage target.

2) xPBCH carrying different contents
xPBCH carrying different contents could include carrying a compact MIB with some (bits of) IEs removed out compared to the legacy MIB, or merging a compact MIB together with some system information abstracted from SIBs. 
Legacy MIB contains downlink bandwidth (3 bits), PHICH configuration (3 bits), SFN (8 bits), and spare bits (10 bits). If MTC UEs have no need to use PHICH and PDCCH channels, then the PHICH configuration can be removed out. If SIB1 is transmitted in the center of the carrier, then the downlink bandwidth indication can also be removed to SIB1. SFN could be removed out as well in principle, if only UEs can obtain SFN by other ways. It can be predicted that the compact MIB with some (bits of) IEs removed out could guarantee larger coverage, but it cannot achieve the coverage target only by compacting MIB, unless combining with other techniques, such as repetitions. 
When merging some system information into the contents of xPBCH, at least it cannot provide larger coverage for xPBCH compared to the legacy PBCH, unless the amount of payload in total is less than the legacy MIB. However, it is possible to simplify the legacy SIBs by removing out some IEs which are optional or have default values, and the simplified SIBs could improve coverage. It could also be possible to re-encapsulate the simplified SIBs into one or two dedicated SIBs for MTC. 
SIB1 contains information relevant when evaluating if a UE is allowed to access a cell and defines the scheduling of other system information. SIB2 contains radio resource configuration information that is common for all UEs. SIB14 contains the EAB parameters [3]. MTC UEs need at least SIB1, SIB2, and SIB14, but some of IEs are optional and have default values. However, taking PRACH configuration as an example, which includes rootSequenceIndex (10 bits indicating integers from 0 to 837) and PRACH-ConfigInfo (including prach-ConfigIndex 6 bits, zeroCorrelationZoneConfig 4 bits, and prach-FreqOffset 7 bits) [3], 27 bits in total need to be included in the system information. Assuming the system information is encapsulated into a dedicated SIB (termed mSIB), which could be mapped into the fixed resources, and adopt the same transmission structure as the above-mentioned xPBCH transmitted in a longer period without (E)PDCCH scheduling. Two solutions for transmission of xPBCH and mSIB will be analyzed:
· Sol. 1: xPBCH carrying only the compact MIB + mSIB transmitted separately
· Sol. 2: xPBCH carrying both the compact MIB and mSIB
Note: The compact MIB includes downlink bandwidth 3 bits, PHICH configuration 3 bits, SFN 6 bits, and 10 spare bits.
The payload of xPBCH in Sol. 1 is 38 bits (including the compact MIB (22 bits) and CRC (16 bits)). As evaluated above, it needs 160 times transmission to achieve the coverage target. The payload of mSIB transmission is 43 bits (including mSIB (27 bits) and CRC (16 bits)). Assuming it also needs 160 times transmission to achieve the coverage target if mSIB adopts the same transmission structure as xPBCH, 320 times transmission in total will be needed in Sol. 1. 
The payload of xPBCH in Sol. 2 is 65 bits (including the compact MIB (22 bits), mSIB (27 bits), and CRC (16 bits)). It may need less than 320 times transmission to achieve the coverage target, since CRC is transmitted only once in Sol. 2 compared to Sol. 1. 
However, UE operation complexity is lower in Sol 1. UEs need to perform blind trials until CRC of xPBCH passes verification. Hence, So1. 1 can guarantee UEs lower complexity by blind detection of the low-load xPBCH. After UEs get SFN from xPBCH, then they can detect mSIB without blind trials. With this understanding, there does not seem to be benefit to merge a compact MIB and some system information together, which leads to the following observations:
Observation 3: xPBCH can only carry a compact MIB with some (bits of) IEs of the legacy MIB removed out. 
Observation 4: The legacy SIBs could be simplified for MTC UEs by removing some IEs which are optional or have default values. Transmissions of the dedicated SIBs for MTC UEs could use the fixed resources without (E)PDCCH scheduling
Neither of xPBCH carrying only the compact MIB and mSIB transmitted separately for MTC UEs would achieve the coverage target without combining with other techniques for coverage improvement, such as repetitions. Contents of the compact MIB and mSIB as well as the time and frequency resources for transmissions need to be specified. In order to make MTC UEs low power consumption and low cost, it is better to design a very compact MIB conveyed on xPBCH, from which MTC UEs can get SFN and benefit the afterward detection of mSIB without blind trials. 
4 Conclusion
This contribution provides further analysis and evaluation for PBCH repetitions in 40 ms as well as PSD boosting, new PBCH design within a longer period as well as with new contents for some of system information, which leads to some observations and proposals as below:
Observation 1: The target for PBCH coverage improvement could be fulfilled by joint PBCH repetitions in a period of 40 ms and PSD boosting. 
Observation 2: xPBCH (newly designed PBCH) transmitted within a longer period can provide a trade-off between resource occupancy and performance gains. For FDD systems,

· xPBCH transmitted in 80 ms with 2 dB PSD boosting can achieve the coverage target. 

· xPBCH transmitted in 160 ms without PSD boosting can achieve the coverage target.

Observation 3: xPBCH can only carry a compact MIB with some (bits of) IEs of the legacy MIB removed out. 

Observation 4: The legacy SIBs could be simplified for MTC UEs by removing some IEs which are optional or have default values. Transmissions of the dedicated SIBs for MTC UEs could use the fixed resources without (E)PDCCH scheduling

In addition, xPBCH carrying a compact MIB within a longer period still needs to combine with other techniques to achieve the coverage target, such as repetitions. UEs need to combine repetitions of (x)PBCH,  which may consume more power or increase operation complexity of UEs compared to the legacy PBCH receptions. Repetitions will occupy additional resources, especially for repetitions in 40 ms within the carrier of 1.4 MHz bandwidth, spectral efficiency will be degraded. The resources available for mapping of repetitions of (x)PBCH need to be specified, as well as the contents of the compact MIB and the length of the period for xPBCH. 
References

[1] R1-130787, “Simulation assumptions for data channel,” Huawei, HiSilicon, MediaTek Inc, CATT, ZTE, Ericsson, ST-Ericsson, Qualcomm, RAN1#72, St. Julian’s, Malta, Jan. 28 - Feb. 1 2013.

[2] TR 36.888, “Study on provision of low-cost MTC UEs based on LTE,” Release 12, V2.0.1, (2013-01).
[3] TS 36.331, “Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Resource Control (RRC); Protocol Specification,” Release 11, V11.0.0, (2012-06).






_1426146049.vsd
6PRBs


d.c.


xPBCH repetitions in 80 ms


Radio frame


40 ms


40 ms


Legacy PBCH segments in the period #n


Legacy PBCH segments in the period # (n+1)


xPBCH 
segment # 0


xPBCH 
segment # 1


xPBCH 
segment # 2


xPBCH 
segment # 3


xPBCH 
segment # 4


xPBCH 
segment # 5


xPBCH 
segment # 6


xPBCH 
segment # 7



_1426146476.vsd
6PRBs


PBCH repetitions in 40 ms


d.c.


Radio Frame


PBCH segment #0


PBCH segment #1


PBCH segment #2


PBCH segment #3



_1425217634.unknown

_1425219111.unknown

_1425130582.unknown

