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1
Introduction
Further LTE physical layer enhancements for MTC include (1) new Rel-13 low complexity UE category/type for MTC operation, (2) relative LTE coverage improvement corresponding to 15 dB for FDD, and (3) power consumption reduction [1]. In [2], it was shown that LC-MTC UE with 1.4MHz bandwidth and 1 Rx antenna will require substantially more resources for SIB/RAR/Paging transmission. In this contribution, we discuss the design of common control messages for LC-MTC UE and UE in coverage enhancement. 
2
SIB Design
Maximum TBS for SIB

A working assumption from RAN1#78bis is that the maximum TBS for broadcast transmission for Rel-13 low complexity UE is no more than approximately 1000 bits. This is seen not to be an issue as the sizes of current SIBs are generally within the 1000 bits. Reducing the maximum TBS for broadcast transmission will reduce the complexity and cost of LC-MTC UE and result in the same maximum TBS for both unicast and broadcast. However, it would limit the size of future SIB or SIB expansion for LC-MTC UE.

In [2], it is shown that LC-MTC UE with 1.4MHz bandwidth and 1 Rx antenna will require substantially more resources for SIB compared to reference UE with 2 Rx antennas. This is illustrated in Table 1 which summarizes the number of transmissions (or repetitions) required for several SIB sizes. 
Table 1. Number of transmissions (subframes) required – 1% BLER, 6 PRBs, SNR=-4dB.
	SIB size

(bits)
	EPA1
	ETU1

	
	LC-MTC UE (1.4MHz, 1 Rx)
	Reference UE  (2 Rx)
	LC-MTC UE (1.4MHz, 1 Rx)
	Reference UE  (2 Rx)

	328
	20
	4
	10
	2

	504
	40
	8
	20
	3

	1000
	80
	16
	40
	6


Although not shown in Table 1, for the maximum SIB size of 2216 bits, the number transmissions required will be approximately 180 subframes (i.e. 180 subframes × 6 PRBs) for LC-MTC UE. If 15dB coverage enhancement is required, then it is estimated that up to 1,800 subframes will be needed to transmit this SIB. Clearly, it will be very challenging to support SIB size of 2216 bits. Therefore, we propose to confirm the working assumption to limit the maximum TBS for broadcast transmission for LC-MTC to 1000 bits.
Proposal 1: The maximum TBS for broadcast transmission for Rel-13 low complexity UE is 1000 bits.
SIBs for LC-MTC UE

The following SIBs are currently defined –

· SIB1 – Cell access information and SIB scheduling information.
· SIB2 – Common radio resource configuration.
· SIB3/4/5 – Common parameters related to cell re-slection.
· SIB6/7/8 – Inter-RAT cell re-selection information (UTRA/GERAN/CDMA2000).
· SIB9 – HeNB name.
· SIB10/11/12 – ETWS and CMAS notification.

· SIB13 – MBMS information.

· SIB14 – EAB information.

· SIB15 – MBMS service continuity information.

· SIB16 – Timing information related to GPS and Coordinated Universal Time.
· SIB17 – Information related to traffic steering between E-UTRAN and WLAN.
Note that some of the SIBs may not be relevant to LC-MTC UE, e.g. SIB 6-8, 10-13, 15 and 17. In addition, UEs in coverage enhancement mode may only need to acquire the most essential SIBs, e.g. SIB 1, 2, and 14. 
Currently, SIB1 is transmitted on a fixed 80ms cycle, the first transmission of each SIB1 cycle is sent in the 5th subframe when SFN MOD 8 = 0 and repetitions are sent at 20ms interval after the first transmission. While each SI message containing the other SIBs (SIB2-17) is transmitted within its predefined SI windows. A common SI window length is used for all SIBs with the maximum window length of 40ms but the respective SI transmission windows are offset that only one SI message could be transmitted within specific window. Within the SI window, the eNB can schedule as many SI message transmissions as needed. Furthermore, each SI transmission cycle repeats with a configurable periodicity which varies from 80ms to 5.12s. The UE can combine the transmissions of a SI message from different SI windows this SI message associated as long as they fall within the same modification period. This is shown in Figure 1. The shortest modification period is 640ms, while the longest modification period is 40.69 seconds. In practice, however, the longest modification period is limited by the SFN periodicity which is only 10.24 seconds.
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Figure 1. SIB transmission and modification period.
With existing system information broadcast scheme, the LC-MTC UE needs to obtain all the necessary information from different SIBs. However based on Table 1, even in normal coverage mode, LC-MTC UE may need to combine transmissions of a SI message from different SI windows to reliably decode the SIBs, which will lead to longer system information acquisition delay. In addition, as the UE needs to decode the PDCCH within the specific window to get detailed scheduling of SI message corresponding, as a result, the UE power consumption may increase. There are also negative impacts to legacy UEs due to the 6 PRB scheduling restriction – including loss of frequency diversity (approximately 1-3 dB loss in performance) and longer system acquisition time. Therefore, reusing existing SIBs for LC-MTC may not be preferred.

Observation 1:Reusing existing SIBs for LC-MTC UE might not be preferable due to (1) negative impacts to legacy UEs, (2) high control channel overhead, and (3) higher power consumption.
A new SIB design for LC-MTC UE and UE in coverage enhancement should be considered. Supporting a new SIB will introduce additional overhead related to system acquisition. However, there are several advantages of this approach –
· Common SIB design for LC-MTC UE and UE in coverage enhancement.
· Possibility to optimize the design for power consumption and control overhead reduction. For example, if fixed time-frequency locations are used, EPDCCH would not be needed and overhead can be reduced. Furthermore, the UE may turn off some components (e.g. baseband unit) in between SIB transmissions.
· No impact to legacy SIBs and legacy UEs.

· No maximum TBS restriction (i.e. 1000 bits) on legacy SIBs would be needed. 
Due to these compelling reasons, a new SIB including redesign of the transmission mechanism should be considered for LC-MTC UE and UE in coverage enhancement. 

Proposal 2: Consider a new SIB for LC-MTC UE and UE in coverage enhancement.

Figure 2 shows the EPDCCH performance for LC-MTC UE. As shown in the figure, control channel overhead can be quite large for SIB transmissions. Therefore, SIBs for LC-MTC UE should be sent without the corresponding EPDCCH. This would mean that the time-frequency location and size would be pre-defined similar to the MIB. Alternately, time-frequency location and size of the SIB can be provided in the MIB.
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Figure 2.  EPDCCH performance (FDD).
Proposal 3: Consider SIB transmission for LC-MTC UE and UE in coverage enhancement without the need of EPDCCH.
3
RAR 
Table 2 shows the estimated RAR capacity (i.e. number of RAR record that can be transmitted) at target 1% BLER [2]. For the EPA1 channel, it would take approximately 4 subframes to transmit one RAR record assuming all 6 RBs are utilized for RAR transmission. To limit the size of the RAR message or the number of RAR records in one message is considered for adaption to the restricted bandwidth, however this would reduce the RA capacity by limiting how many users can successfully access the network at the same time. At the same time, the cell capacity may be impacted and overhead may increase due to the PRACH retransmission if the UE could not receive the RAR within the ra-ResponseWindow.
Table 2. Estimated RAR capacity at SNR=-4dB, 1% BLER.
	Channel
	No of UE Rx antenna
	No of subframes (6 PRBs per subframe)

	
	
	1
	2
	3
	4

	EPA1
	1
	-
	-
	-
	1

	
	2
	1
	2
	3
	4

	ETU1
	1
	-
	1
	1
	2

	
	2
	2
	5
	8
	11


On the other hand, in order to migitate the negative to the system capacity, TTI bundling and/or power boosting could be utilized to ensure reliable RAR messages transmission without restricting the RAR message size. In addition, depending on the propagation conditions, different bundle sizes would be needed.
Proposal 4: Support TTI bundling for RAR messages for for LC-MTC UE and UE in coverage enhancement.

As agreed by RAN2 #87bis [6], the UE indicates low complexity capability in Msg3 by Cat-0 specific CCCH in MAC PDU, however in order to apply the bandwidth restriction or/and the reliable tansmission schemem for RAR, the separate indication of the access from LC-MTC or the coverage limited UE to the network would be needed. This could be, e.g. based on PRACH repetition level, preamble sequence selection, or PRACH configuration depending on how random access is designed for LC-MTC UE. 
Observation 1: eNB may need to know the capability from Rel-13 LC-MTC or other coverage limited UE by different scheme other than current Rel12 MSG3 indication. 

3
Paging

It is estimated that each paging record is of similar size to a RAR record so therefore the capacity estimates for paging are similar to that of the RAR shown in Table 2. Similar with RAR transmission, the number of paging records in one paging message may need to be limited in order to be properly decoded by LC-MTC UE, as a result, the paging delivery may be congested and delayed due to the decreased paging capacity. Therefore, to avoid such restriction for paging capacity and potential increased paging latency, the TTI bundling would be needed to transmit the paging messages as well.
Proposal 5: Support TTI bundling for Paging messages for for LC-MTC UE and UE in coverage enhancement.

Similar to the RAR, the eNB would need to know about LC-MTC and coverage limited UEs for paging. This can, for example, apply the Rel-12 similar approach, i.e. adding new parameter in UE capability message which will be transparently delivered to MME and later be provided at paging from MME.
Observation 2: Rel-12 approach for indicating Cat-0 capability during paging procedure could be extended to support the LC-MTC UE. 

UE needs to periodically wake up and monitors PDCCH for detetcing a potential paging message as per existing specification. If the same scheme is applied for LC-MTC UE which may work in different frequency region than other type of UE, the existing common search space of PDCCH may not be valid for LC-MTC UE. As a result, the LC-MTC UE needs to be aware of the “frequency space” for searching corresponding (E)PDCCH, this region for (E)PDCCH could be pre-defined or broadcasted by the system information.
Observation 3: The LC-MTC UE needs to have the knowlegage of the specific (E)PDCCH region for scheduling paging message.  
5
Conclusion
In this contribution, we discuss the design of common control messages for LC-MTC UE and UE in coverage enhancement.The following proposals are made –
· The maximum TBS for broadcast transmission for Rel-13 low complexity UE is 1000 bits.

· Consider a new SIB for LC-MTC UE and UE in coverage enhancement..

· Consider SIB transmission for LC-MTC UE and UE in coverage enhancement without the need of EPDCCH.

· Support TTI bundling for RAR messages for for LC-MTC UE and UE in coverage enhancement.

· Support TTI bundling for Paging messages for for LC-MTC UE and UE in coverage enhancement.
6
Reference
[1] RP-141660, “New WI proposal: Further LTE Physical Layer Enhancements for MTC”, Ericsson, Nokia Networks, RAN#65, Edinburgh, Scotland.

[2] R1-14xxxx, “Performance Results for SIB/RAR/Paging,” Nokia Networks, Nokia Corporation, RAN1#79, San Francisco, USA.
[3] TR 36.888, “Study on provision of low cost Machine-Type Communications (MTC) User Equipments (UEs) based on LTE,” V12.0.0, June, 2013.

[4] R1-144513, “Simulation Assumptions for Reference Cases for MTC,” Nokia Networks, Nokia Corporation, Ericsson, RAN1#78bis, Ljubljana, Slovenia.
[5] R1-144178, “Common Control Messages for MTC,” Nokia Networks, Nokia Corporation, RAN1#78bis, Ljubljana, Slovenia.
[6] Draft Report of 3GPP TSG RAN WG2 meeting #87bis, Shanghai, China























































































