3GPP TSG-RAN WG1 #72bis 
      R1-131179
Chicago, USA, 14th April – 19th April 2013

Source:     MediaTek Inc.

Title:      Coverage Analysis of PBCH and System Information Transmission for MTC UEs 

Agenda Item:    7.2.4.2
Document for:   Discussion and Decision

1. Introduction
In RAN1 #72, the following observations have been made [1]:
Observations:

· 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

In this paper, the potential coverage enhancement solutions for PBCH are evaluated and analyzed. In addition, this paper also discusses on the necessary system information for low-cost MTC UEs.
2. Evaluation and Analysis on PBCH with Repetition
Repetition/Low rate coding/Spreading has been identified as a potential solution for PBCH coverage enhancement. Simulation results are summarized in Table 1, which shows the amount of repetition for PBCH to achieve the performance target BLER=1% under SINR =-19.4dB (calculated based on the coverage analysis in [2]). Simulation results and assumptions can be found in the appendix. The assumed payload size of PBCH is 24 bit and the center 6PRBs are used same as before. But unlike legacy PBCH, which are mapped onto the first four OFDM symbols in the second slot in Subframe #0, our simulation assumes the repeated PBCH transmission over a block of 4 consecutive subframes starting from each subframe #10n. For simplicity, we assume PBCH does not change over the repeated transmission of blocks or bursts of 4 subframes, because we want to get an idea of the number of subframes required first. The number in Table 1 means the number of blocks needed with each block spanning 4 subframes. This means the actual number of required subframes is the number of blocks times 4. Channel estimation is averaged over 1/2/4 subframes in order to see the effect on channel estimation error at very low SNRs. Averaged channel estimates over 1/2/4 subframes (SFs) are used to compute the LLRs of each PBCH transmission. LLRs of repeated transmission are combined before decoding.
From Table 1 we see that around 55~115 blocks are needed with 20Hz residual frequency offset and 95~115 blocks with 100Hz residual frequency offset. With 20Hz residual frequency offset, averaging channel estimation results over 2 or 4 subframes helps to reduce repetitions from 115 to 65 (2 SFs) and further to 55 (4 SFs). However, with 100Hz residual frequency offset, averaging channel estimation results over 2 subframes still helps to reduce repetitions from 115 to 95 blocks, but 4-subframe channel estimation averaging will actually hurt. 
Observation # 1:  At very low SNRs, averaging channel estimation over subframes helps to improve the performance. With 100Hz residual frequency offset, 2 subframes channel estimation averaging provides best performance. 
Since it is hard for UE to know the actual frequency offset accurately, for simplicity we analyze the performance with 2 subframe averaging results. In this case, 65 and 95 blocks are needed to achieve the performance target with 20Hz and 100Hz frequency offset respectively. In each block/burst, we use 4 OFDM symbols across 4 subframes, this means we need 4×65/95msec =260/380msec in total. In order to shorten the transmission time, more resources can be used in each subframe. Since only 4 out of 14 OFDM symbols are currently used for PBCH (re)transmission, roughly we can shorten the transmission time to a minimum of 260msec×4/14= 74.3 msec (108.5 msec with 100Hz frequency offset) in theory (assume all 14 symbols can be used for PBCH). Because the existing MIB contents SFN which changes every 40msec, other coverage improvement technique, such as 3dB or more power boosting, is needed to achieve the performance target. Considering TDD system where fewer DL resources can be found for PBCH transmission, more time is required for PBCH. Therefore, it is impossible to keep the existing MIB contents. 
Observation # 2:  65/95×4 subframes for retransmission of PBCH are needed to achieve the performance target with 20Hz/100Hz residual frequency offset respectively. Assuming we can use all the OFDM symbols in the middle 6 PRBs, around 74.3~108.5msec are still needed for PBCH to achieve 1%BLER. This also means that within 40msec, the current PBCH cannot be successfully decoded by MTC UEs in coverage hole.

Proposal # 1:  Consider to design a new broadcasting channel for MTC UEs.
Table 1 Required number of “subframe blocks” (size= 4 SFs) for 24-bit PBCH to achieve 1% BLER 
	Subframes assumed for channel estimation averaging
	20Hz Frequency Offset
	100Hz Frequency Offset

	1
	115
	115

	2
	65
	95

	4
	55
	120


3. New PBCH Design
Design a new broadcasting channel is another potential solution to broadcast system information to MTC UEs. As discussed above, it seems necessary to design a new broadcasting channel for MTC UEs. The new PBCH should allow retransmission of at least 65/95x4 times if we assume the same PBCH using 4 OFDM symbol or 74.3msec/108.5msec if we can use all the OFDM symbls 6 PRBs. If we want to keep the existing contents which changes after 4 radio frames, we need to remove SFN or at least move 2 SFN bit out of PBCH to keep the information bits in PBCH unchanged over the duration of retransmission. In the meantime, we can improve the coverage by removal/reduction the current 24-bit payload size of MIB. However, considering 16 bits CRC, it will not help a lot.

On the other hand, this new broadcasting channel gives us a chance to further optimize the system information transmission for MTC UEs. As discussed in [4], UEs need at least MIB, SIB1 and SIB2 before attempting any network entry. As shown in [5], SIBx, as special payload of PDSCH, also needs hundreds of retransmission. A new broadcast channel can be designed to carry all necessary system information for MTC UEs to access to network. This will save at least the overhead on control channel as discussed in [5].
In table 2, we summarize the simulation results for PBCH assuming 100 bits payload which is more than 4 time of the original payload. The transmission scheme and simulation assumption are the same with the above section. The simulation results show that we need 145/180 blocks assuming 20Hz/100Hz frequency offset, which is around twice the resources but carrying >4 time payload size. Around (4×145) msec×4/14= 166 msec is needed for transmitting 100 bits payload assuming 20Hz frequency offset if we can use all the resources in middle 6 PRBs in each subframe. Similarly, 206 msec are needed assuming 100Hz frequency offset.  The achievable spectral efficiency is 5.58×10-4 bit/s/Hz with 100 bits payload compared with 2.99×10-4 bit/s/Hz with 24 bits payload (at 20Hz frequency offset). This is due to the fact that there are more channel coding gain and less CRC overhead.
Observation # 3: 145/180×4 subframes of retransmission of 100-bit PBCH are needed to achieve the performance target assuming 20Hz/100Hz residual frequency offset respectively. 

Proposal # 2:  Design new PBCH to include all system information for MTC UEs.
Table 2 Required number of “subframe blocks” (size= 4 SFs) for 100-bit PBCH to achieve 1% BLER
	Subframes for channel estimation averaging
	20Hz Frequency Offset
	100Hz Frequency Offset

	1
	210
	210

	2
	145
	180

	4
	130
	210


4. Conclusion
In this paper, we evaluated and analyzed the performance of PBCH with repetition. We observed that:

Observation # 1:  At very low SNRs, averaging channel estimation over subframes helps to improve the performance. With 100Hz residual frequency offset, 2 subframes channel estimation averaging provides best performance. 

Observation # 2:  65/95×4 subframes for retransmission of PBCH are needed to achieve the performance target with 20Hz/100Hz residual frequency offset respectively. Assuming we can use all the resources in the middle 6 PRBs, around 74.3~108.5msec are still needed for PBCH to achieve 1%BLER. This also means that within 40msec, the current PBCH cannot be successfully decoded by MTC UEs in coverage hole.

Observation # 3: 145/180×4 subframes of retransmission of PBCH with 100 bits are needed to achieve the performance target assuming 20Hz/100Hz residual frequency offset respectively. 

And also, we proposed to consider design new broadcasting channel with all system information for MTC UEs.

Proposal # 1:  Consider to design a new broadcasting channel for MTC UEs.
Proposal # 2:  Design new PBCH to include all system information for MTC UEs.
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Appendix

Table A1 Simulation assumption
	Parameter
	Value

	System bandwidth
	10 MHz

	Frame structure
	FDD

	Antenna configuration
	2x2

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	20Hz, 100Hz

	Performance target
	1% BLER

	PBCH payload
	24bit/100bit

	Channel estimation
	Averaging over 1/2/4 subframes

	The minimum required SINR
	-19.4dB
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Figure 1 The number of blocks (each with 4 subframes) vs BLER with target SINR=-19.4dB with differnet frequency offset (24 bits payload)

[image: image2.png]BLER

PBCH 100 bits

n

s<
b

0.001
20 40 60 80 100 120 140 160 180 200 220 240

Repetition
—— 20Hz 1subframe CE —— 100Hz I subframe CE

= =A== 20Hz 2subframe CE === =100Hz 2subframe CE
—# - 20Hz4subframe CE —® - 100Hz4subframe CE





Figure 2 The number of blocks (each with 4 subframes) vs BLER with target SINR=-19.4dB with different frequency offset (100 bits payload)
