3GPP TSG RAN WG1 Meeting #74bis
R1-134302
Guangzhou, China, 7th – 11th October 2013
Source:               ZTE

Title:                    Coverage Enhancement of Physical Broadcast Channel and SIB Transmission
Agenda item:      7.2.2.2.1
Document for:    Discussion and Decision

1. Introduction

During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([2]) was approved.   One objective of this work item is to provide a relative LTE coverage improvement – corresponding to 15dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage:
· Specify the following techniques (which shall be applicable for both FDD and TDD) to achieve this:

· Simplification of PHICH and PCFICH functionality or alternative mechanism to PHICH and PCFICH functionality so that coverage limited UE is not constrained by PHICH and PCFICH physical channels

· A mechanism(s) to support scalability of spectral efficiency impact for coverage improvement by identifying UE requiring additional coverage improvement and informing eNB the amount of coverage the UE requires.

· Repetition/TTI bundling and extension to PSD boosting for applicable channels/signals identified during study phase.

· A relaxed requirement for “probability of missed detection” for PRACH.

· When defining the detailed solutions for the above coverage enhancement techniques, relative spectral efficiency impact and cost/power consumption impact should be taken into account, and divergence of solutions between the new UE category/type and other UEs (mentioned above) should be minimised where possible.
In RAN1 #74 meeting, agreements on PBCH as achieved as below:

“Agreements:

· For the purpose of investigating the required coverage enhancements, coverage loss for PBCH by 1 Rx antenna is assumed to be 4dB
· Can also consider 4dB loss for other downlink channels when needed

· Intermittent repetition / PSD boosting of PBCH could be applied to minimize the spectral efficiency loss
· UE behavior, impact on UE power consumption, and configurability are FFS

· Introducing new PBCH is FFS”
In this contribution, we analyze the potential coverage improvement solutions for physical broadcast channel and SIB transmissions for the new UE category MTE UEs and other UEs operating delay tolerant MTC applications
2. Coverage enhancement techniques for Physical Broadcast Channel 
MIB is transmitted four times on PBCH every 40ms TTI. MIB contains 8bit SFN information, 3 bit downlink system bandwidth information and 3bit PHICH configuration information. Since SFN information contained in MIB will change every 40ms, implementation related solution such as energy combining can only be applied to PBCH within 40ms TTI. 
Considering the 15dB coverage enhancement target for FDD, the coverage enhancement gap for PBCH is 6.7dB for 2Rx MTC UEs and about 10.7dB (4dB coverage loss caused by 1Rx) for the new category low cost MTC UEs with 1Rx. 10.7dB coverage enhancement requirement may be assumed for TDD configuration 1 and 2 for the new category low cost MTC UEs. 
Repetition, designing PSD boosting and new PBCH are possible PBCH coverage enhancement solutions as discussed in [1]. Repetition and PSD boosting can improve the coverage of PBCH but both repetition and PSD boosting may bring considerable impacts to the normal UEs.  “Keep Trying” PBCH decoding method is discussed in [3], the decoder simply keeps trying to decode PBCH transmissions until the decoder eventually gets lucky and decodes it correctly. “Keep Trying” PBCH decoding method is an implementation related solution without any specification changes. 
2.1 Repetition
Repetition is the most direct solution to improve the coverage of PBCH. The legacy PBCH occupies 4 OFDM symbols over 72 sub-carriers. Repetition will require additional separate resources from the legacy PBCH resources. 

Figure A.1 shows the PBCH performance with different repetition times (simulation assumption in Table A.1).  Compared to legacy PBCH, 5 times, 8 times and 10 times legacy PBCH repetition (i.e., 20times, 32 times and 40 times PBCH transmission within 40ms period) will bring about 5.5dB, 7.4dB and 8.1dB gain respectively. When designing the repetition patterns for PBCH, it is preferable to arrange the resources applicable for both FDD and TDD system. If same repetition resources are assumed for FDD system and TDD system with UL-DL configuration 1 and 2, PBCH repetitions may be allocated in subframe 0, 4 and 9 for frames when SFN % 4 = 0 or 2 while PBCH repetitions may be allocated in subframe 0, 4, 5 and 9 for frames when SFN % 4 = 1 or 3. 
Proposal 1: When designing the repetition patterns for PBCH, it is preferable to arrange the resources applicable for both FDD and TDD system.
8 times legacy PBCH repetition within 40ms period will occupy majority of resources if the system bandwidth is small (e.g., if bandwidth is 1.4MHz, 8 times legacy PBCH repetition within 40ms period will occupy about 22.8% resources for FDD system ), and spectral efficiency loss would be serious. Intermittent repetition could be applied to minimize the spectral efficiency loss. The intermittent period may be transparent to MTC UEs.
Proposal 2: Intermittent repetition could be used to minimize the spectral efficiency loss. The intermittent period may be transparent to MTC UEs.
If multiple coverage enhancement levels are required for a cell, repetition patterns for different PBCH enhancement levels may be applied. Resources for mapping PBCH repetition with a lower coverage enhancement level would be a subset of resources for mapping PBCH repetition with a higher coverage enhancement level. Such nested resources mapping may have the merit of reducing the UE detection complexity and specification impact. If only one coverage enhancement level is required for a cell, a predefined PBCH repetition resource mapping would be applied.
Proposal 3: Nested resource patterns for different PBCH repetitions may be considered if multiple coverage enhancement levels are required.
2.2 PSD boosting

PSD boosting can be considered as a supplementary way to improve the coverage of MTC PBCH during quite time. However, PSD boosting of PBCH may bring interference to normal UEs. In order to reduce the interference to normal UEs, it is suggested up to 3dB PSD boosting be used on PBCH transmission.
Proposal 4: In order to reduce the interference to normal UEs, it is suggested up to 3dB PSD boosting be used on PBCH transmission.
2.3 Analysis of “keep trying”
“Keep trying” PBCH decoding is an implementation solution. The decoder can simply “keep trying” to decode the legacy PBCH transmission and PBCH repetitions until the decoder eventually gets lucky and decodes it correctly. Figure A.2 and Table 1 shows the coverage enhancement gain achieved by trying to decode PBCH 8, 16, 32 and 64 times. 
Table 1 coverage enhancement gain by “keep trying”
	decoding times of “keep trying”
	Gain (dB)

	8
	4.9

	16
	6.9

	32
	8.5

	64
	9.7


64 times “keep trying” legacy PBCH decoding would require 2.56 seconds. PBCH decoding time would be largely increased. PBCH repetition combined with “keep trying” PBCH decoding would have a good tradeoff between repetition times and decoding time.
Proposal 5: The gain provided by the “keep trying” method should be considered when optimizing (e.g. for acquisition time and resource utilization) the number of PBCH repetitions and power boosting levels.
2.4 Designing new PBCH

Considering the requirement mentioned in [2] that divergence of solutions between the new UE category/type and other UEs should be minimized where possible, designing new PBCH may only be considered when repetition, PSD boosting and implementation related solutions can’t meet the coverage enhancement target.
Proposal 6: Designing new PBCH may only be considered when repetition, PSD boosting and implementation related solutions can’t meet the coverage enhancement target.
3. Coverage enhancement techniques for SIB transmission

Besides MIB carried by PBCH, System information also includes a number of SIBs transmitted on PDSCH and scheduled by (e)PDCCH.
SIB1 uses a fixed schedule with a periodicity of 80 ms and repetitions made within 80 ms. The first transmission of SIB1 is scheduled in subframe 5 of radio frames for which the SFN %  8 = 0, and repetitions are scheduled in subframe 5 of all other radio frames for which SFN mod 2 = 0 as shown in Figure 2.
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Figure 2 SIB1 transmission
SIBs other than SIB1 are carried in SI messages and mapping of SIBs to SI messages is flexibly configurable in SIB1. Each SIB is contained only in a single SI message, only SIBs having the same periodicity can be mapped to the same SI message. There may be multiple SI messages transmitted with the same periodicity. The SI messages are transmitted within periodically occurring SI-windows using dynamic scheduling. Each SI message is associated with a SI-window and the SI-windows of different SI messages do not overlap. Within one SI-window only the corresponding SI is transmitted. Within the SI-window, the corresponding SI message can be transmitted a number of times in any downlink subframe other than MBSFN subframes and subframes occupied by SIB1. The UE acquires the detailed time-domain scheduling (and other information, e.g. frequency-domain scheduling, used transport format) from decoding SI-RNTI on PDCCH. The length of the SI-window is common for all SI messages. SIB1 configures the SI-window length and the transmission periodicity for the SI messages. System information may be transmitted a number of times with the same content within a modification period, as defined by its scheduling. 
Legacy SIB transmission based coverage enhancement and new MTC SIB design are two different ways to improve the SIB transmission performance for MTC UEs. Legacy SIB transmission based coverage enhancement solutions have small specification impact, but system configuration for legacy UEs may be limited.  If new SIB design is used for coverage enhancement of SIB transmission for MTC UEs, it will bring specification impact and the additional overhead may be relatively large. The benefit of new SIB design is system configuration for legacy UEs would not be affected.
3.1 Coverage enhancement of legacy SIB transmission
If MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs, considering system information with the same content may be transmitted a number of times within a modification period, MTC UEs may combine and decode the received system information with the same content. 

In order to improve the coverage performance of system information for MTC UEs, implementation related method as below may be considered:
· set “modification period” to  a larger value (e.g., 1024)
· configure “SI-window” to a larger value (e.g., 20ms or 40ms)
· eNB increases the scheduling times of SIB transmission within a modification period.
· set “SI periodicity” of corresponding SI messages to 8 radio frames
· within an SI-window, schedule the transmission times of corresponding SI messages as most as possible
However, UE needs to successfully acquire the detailed information of time-domain scheduling, frequency-domain scheduling and transport format carried by PDCCH before decoding system information carried by PDSCH. For SIB1, corresponding DCI contents (including frequency-domain scheduling and transport format) carried on PDCCH are required to keep unchanged within a modification period for the MTC UEs to successfully decode the PDCCH. For other SIBs needed by MTC UEs, only when the detailed scheduling contents (including time-domain scheduling, frequency-domain scheduling and transport format) carried on corresponding PDCCH are the same, MTC UEs may have the ability to combine the received PDCCH transmitted in SI-windows with predefined periodicity. The scheduling flexibility of SIBs transmission would be restricted if MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs.
Observation 1: The scheduling flexibility of SIBs transmission would be restricted if MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs. Corresponding PDCCH may be the bottleneck for Coverage enhancement of legacy SIB transmission.
3.2 Introducing new SIB design for MTC UEs

New SIB transmission indicated by corresponding downlink control channel and new SIB transmission without indication by corresponding downlink control channel are two potential solutions.  

If new SIB transmission indicated by corresponding downlink control channel is considered, new MTC-SI RNTI would be applied for the corresponding downlink control channel.  

As discussed in 3.1, corresponding PDCCH transmission may be the bottleneck for Coverage enhancement of legacy SIB transmission. An MTC-specific SIB information transmitted on predefined multiple resources with predefined periodicity without corresponding downlink control channel (PDCCH/ePDCCH) may be considered for low cost MTC UEs. All necessary system information for MTC UEs (including UL bandwidth, PRACH configuration, TDD or FDD, TDD UL/DL configuration, etc) may be merged into one MTC-specific SIB. 
Proposal 7: New SIB design for MTC UEs can be considered if coverage enhancement of legacy SIB transmission can’t meet the coverage requirement of MTC UEs.
4. Conclusions
In this contribution, we have analyzed and proposed the potential coverage enhancement techniques for physical broadcast channel and SIB transmission for MTC UEs with the new UE category. Repetition, PSD boosting combined with implementation related solution may be taken as coverage enhancement techniques for PBCH with minor specification impact. If MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs, the scheduling flexibility of SIBs transmission would be restricted and corresponding PDCCH may be the bottleneck for Coverage enhancement of legacy SIB transmission. An MTC-specific SIB information may be considered in order to reduce the impacts to legacy UEs. We make the following observations and proposals:
Observation 1: The scheduling flexibility of SIBs transmission would be restricted if MTC UEs with coverage enhancement requirement share the same SIBs with legacy UEs. Corresponding PDCCH may be the bottleneck for Coverage enhancement of legacy SIB transmission.
Proposal 1: When designing the repetition patterns for PBCH, it is preferable to arrange the resources applicable for both FDD and TDD system.

Proposal 2: Intermittent repetition could be used to minimize the spectral efficiency loss. The intermittent period may be transparent to MTC UEs.
Proposal 3: Nested resource patterns for different PBCH repetitions may be considered if multiple coverage enhancement levels are required.
Proposal 4: In order to reduce the interference to normal UEs, it is suggested up to 3dB PSD boosting be used on PBCH transmission.
Proposal 5: The gain provided by the “keep trying” method should be considered when optimizing (e.g. for acquisition time and resource utilization) the number of PBCH repetitions and power boosting levels.
Proposal 6: Designing new PBCH may only be considered when repetition, PSD boosting and implementation related solutions can’t meet the coverage enhancement target.
Proposal 7: New SIB design for MTC UEs can be considered if coverage enhancement of legacy SIB transmission can’t meet the coverage requirement of MTC UEs.
References

[1] 3GPP TR 36.888 V12.0.0, “Study on provision of low-cost MTC UEs based on LTE, (Release 12)”
[2] RP-130848, “New WI: Low cost & enhanced coverage MTC UE for LTE”, Vodafone, RAN #60

[3] R1-132908, “An Analysis of Repetition and “Keep Trying” PBCH Decoding Methods”, Sierra Wireless, RAN1 #74
Annex

A.1 Simulation assumption

Table A.1

	Parameter
	Value

	System Bandwidth
	1.4 MHz

	Carrier frequency
	2.0 GHz

	Antenna configuration
	2x2, low correlation for FDD

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency error
	0 or 100Hz

	Modulation Mode
	QPSK

	Channel Estimation
	Realistic one subframe channel estimation

	Performance target
	1% miss probability


A.2 Simulation on PBCH repetitions
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Figure A.1 PBCH performances with different repetition times

A.3 Simulation on “keep trying” PBCH decoding 
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Figure A.2 Performances of “keep trying”
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