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1 Introduction

Recently, RAN1 received an LS from RAN4 WG [1] with the summary of RAN4 analysis on the acquisition performance of MIB and SIB-BR for Cat M1 UEs and requested RAN1 and RAN2 WGs to consider future enhancements to reduce the MIB/SIB acquisition delay in Rel-14 feMTC systems.
	1. Overall Description

RAN4 has discussed the acquisition delays associated with the reception of system information for Rel-13 Category M1 UEs.  Table 1 below provides a summary.

Table 1: Summary of acquisition delays of system information

Parameter

Cat 0

Cat M1 CE Mode A

Cat M1 CE Mode B

T_MIB

50

120

2560

T_SIB1-BR

160

2560

T_SI for cell re-selection

1280

1280

6400

T_SI for CGI

1280

1280

5120

T_SI for RRC re-establishment

1280

1280

6400

NOTE 1:  The parameters T_MIB and T_SI are defined in TS 36.133

NOTE 2:  T_SI for CGI includes time to acquire MIB and SIB1-BR

Observation 1: The UE is required to acquire the MIB of the target cell during handover procedures.  This increases handover delay significantly for UE Cat-M1 CE Mode B.

Observation 2: It is the RAN4 understanding that the acquisition delay of the MIB and SIB1-BR in CE Mode B may become greater than or equal to the SIB1-BR modification boundary, and the UE may have to re-acquire the MIB.

RAN4 respectfully asks RAN1 and RAN2 to take the above analysis into account in their future work on Rel-14 FeMTC enhancements.
2. Actions

To RAN1 and RAN2 groups:

Action 1: RAN4 respectfully asks RAN1 and RAN2 to consider enhancements that can reduce the time to acquire the system information.
Action 2: RAN4 respectfully asks RAN1 and RAN2 to clarify whether the UE is expected to re-acquire the MIB in those situations where the UE does not acquire the SIB1-BR before the end of the SIB1-BR modification period.


In this contribution, we share our views on the possible enhancements in Rel-14 related to Action 1 in the LS from RAN4 with primary focus on improving the MIB acquisition delay.
2 Discussion

It can be observed that the handover latency of Rel-13 eMTC in CE Mode A and CE Mode B may exceed the conversational voice latency requirement and lead to a degradation of VoLTE performance in both coverage extension scenarios.  Furthermore, the latency performance of system acquisition in idle state may degrade idle state mobility procedures, such as cell re-selection, paging interruption, CGI reading, and RRC re-establishment.  These observations clarify the motivation for improving the system information acquisition latency for Rel-14 feMTC.
The core and performance parts of the radio resource management specification TS 36.133 [3] define the delay requirements for paging interruption, cell re-selection delay, and RRC re-establishment delay, as shown in Table 1 below.
Table 1: Summary of potential RRM procedure delays based on SI acquisition performance for eMTC
	Parameter
	Cat 0
	Cat M1 CE Mode A
	Cat M1 CE Mode B

	Handover interruption
	50
	170
	2595

	Paging interruption
	1330
	1330
	6450

	Cell re-selection to detected cell
	8000
	8000
	18000

	RRC re-establishment
	1500
	1500
	7000

	NOTE 1:  The parameters T_MIB and T_SI are defined in TS 36.133
NOTE 2:  T_SI for CGI includes time to acquire MIB and SIB1-BR


For the connected state, the potential enhancement should aim to reduce the handover interruption time for CE Mode A to be within the conversational voice requirement.  For the idle state, the potential enhancement should aim to reduce the paging interruption, cell re-selection delay, and RRC re-establishment delay for CE Mode B, thereby improving idle mobility performance for feMTC UEs.
RAN4 has defined the typical SNR conditions for coverage extension scenarios to be -6 dB for CE Mode A and -12 dB for CE Mode B [3].  Figure 1 below illustrates the PBCH simulation results from [5], [6].
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Figure 1: a) PBCH simulation results using a single PBCH TTI [6];

b) PBCH simulation results using multiple PBCH TTI [5]
It can be observed that the CE Mode A SNR target cannot be achieved when decoding PBCH using a single TTI, and multiple TTIs (parameterized by window length, as shown in Figure 1b) are necessary.  According to [3], handover interruption time = RRC_procedure_delay + T_MIB + T_search = 50 + T_MIB.  In order to meet the conversational voice requirement during the handover procedure, T_MIB should be 40ms or less, implying that PBCH reception at CE Mode A SNR target should be accomplished within a single PBCH TTI, which results in a handover interruption time of 90ms.  Assuming some variability in the propagation conditions as well as the delays due to higher layers, this interruption time may be sufficient for conversational voice.

According to the PBCH demodulation requirement in TS 36.101, the required SNR to achieve 1% error rate in PBCH decoding using a single PBCH TTI is [-2.2] dB:
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Thus, the performance gap in PBCH demodulation performance, when using a single PBCH TTI, is 3.8 dB for CE Mode A.  This gap can be considered as the performance target of the potential enhancements in Rel-14.
At the same time, it should also be noted that RAN2, in an earlier LS [7] indicated that at the cost of degraded quality, the air interface delay budget may be relaxed to achieve larger coverage for voice to 200ms. However, it should be noted that the RAN4 analysis reported in the LS did not consider any implementation/RF margin, which typically is of the order of 2.8~3dB. Hence, even with a relaxed delay budget for voice support, there is a need to improve the coverage by about 2.8~3dB.  

Next, we note that RAN4, in their analysis, considered only single-subframe based channel estimation, whereas in RAN1 evaluations, cross-subframe channel estimation has been typically assumed. Accordingly, towards bridging this gap of 4dB in “Normal coverage”, we propose the following. 

Proposal 1:
· RAN1 to clarify to RAN4 WG that the coverage performance for MIB and SIB-BR acquisition may be improved by considering cross-subframe channel estimation. Accordingly, RAN4 WG may consider updating their reference receiver assumptions.

However, it should also be noted that, a Cat M1 UE acquiring PBCH may only perform cross-subframe channel estimation over a very small number of subframes due to the lack of knowledge about the valid DL subframe configuration. Therefore, the potential gains from cross-subframe channel estimation can be expected to be quite limited, of the order of 1~1.5dB based on prior evaluations in RAN1.

Thus, additional enhancements should be considered in order to improve the MIB acquisition time in Rel-14 feMTC.

Considering FDD, Figure 2 below illustrates the Rel-13 eMTC design of PBCH with repetitions.
[image: image4.emf]SF

Symb 0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6

R1 R1 R1 R1 R2 R2 R2 R2 R3 R3 R3 R3 R4 R0 R0 R0 R0 R4 R4 R4

9 0


[image: image5.emf]SSS

Legacy PBCH

Legacy control

CRS or CRS copy

PSS

PBCH repetitions (Rel-13 eMTC)


Figure 2: Repetition of PBCH in Rel-13 eMTC

We observe that five copies (R0 through R4) of the four legacy PBCH symbols are transmitted every frame.

In order to approach the targeted ~3 dB SNR improvement, one approach is to increase the total number of PBCH symbols available to a potentially enhanced Rel-14 FeMTC UE.  These symbols can be added as additional repetitions of the legacy PBCH symbols in the center 6 PRBs of other subframes.  Since subframe (SF) #4 carries the SIB1-BR, repetitions of PBCH may be added to SF4 and SF5 for system bandwidth (SBW) > 3 MHz. Figure 3 below illustrates an example where the enhanced PBCH repetitions are added to SF4 and SF5.
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Figure 3: Proposed enhanced repetition of PBCH in SF4 and SF5 for system BW > 3MHz
In this potential enhancement the UE receives ten copies (R0 through R9) of the four legacy PBCH symbols every frame. 

For system BW <= 3 MHz, PBCH repetitions may be added only to SF5.  An example mapping is shown in Figure 4 below.
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NOTE: Numbers in parentheses indicate the relative symbol index within a set of “Core PBCH symbols”

Figure 4: Proposed enhanced repetition of PBCH in SF5 for system BW <= 3MHz
For TDD the following design could be considered for FeMTC networks operating in TDD.  One options is to provide additional repetitions in subframe #9. This is applicable for all TDD configurations except config 0.
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Figure 5: Proposed enhanced repetition of PBCH in SF9 for TDD, except TDD Config 0

The mechanism of informing the UE that additional resources, as described above, are available may be either defined in the specification (e.g. as a Rel-14 requirement) or as a parameter signaled by the higher layers in the system information block (SIB).  In the case of the latter mechanism, the UE may be required to utilize the enhanced PBCH repetitions for procedures other than initial cell access.
Another alternative is to follow Rel-13 behavior whereby the presence of additional repetitions of PBCH is considered as a long-term property of the cell – i.e., while the configuration of additional repetitions is up to network implementation, once the UE detects presence of additional repetitions, it may assume the same valid for subsequent reacquisition attempts.
Based on the above discussion of the potential approaches to implementing an enhancement of the PBCH design in Rel-14 feMTC, the following proposals can be made.

Proposal 2:
· The PBCH coverage should be enhanced and acquisition delays reduced by support of additional repetitions of PBCH in Rel-14 feMTC.
· For FDD systems, consider additional PBCH repetitions in subframes #4 or #5 or both, at least for system BW >= 3MHz. 
· For TDD systems, consider additional PBCH repetitions in subframe #9, at least for TDD configurations except config 0.
3 Conclusion

In this contribution, we share our views on the possible enhancements in Rel-14 related to Action 1 in the LS from RAN4 with primary focus on improving the MIB acquisition delay. Based on the discussion presented, we summarize our views using the following observations and proposals:

Proposal 1:

· RAN1 to clarify to RAN4 WG that the coverage performance for MIB and SIB-BR acquisition may be improved by considering cross-subframe channel estimation. Accordingly, RAN4 WG may consider updating their reference receiver assumptions.

Proposal 2:

· The PBCH coverage should be enhanced and acquisition delays reduced by support of additional repetitions of PBCH in Rel-14 feMTC.
· For FDD systems, consider additional PBCH repetitions in subframes #4 or #5 or both, at least for system BW >= 3MHz. 
· For TDD systems, consider additional PBCH repetitions in subframe #9, at least for TDD configurations except config 0.
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