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1 Introduction

In RAN#65, a WI on a new UE for MTC operation [1] has been approved. According to the WID, three aspects for a new MTC UE are specified, a new low complexity UE category/type, coverage enhancement for a new UE category/type and other delay-tolerant MTC UEs, and power consumption reduction for the UE category/type. 
During MTC SI and Rel-12 MTC WI stage, several agreements and working assumptions were made for coverage enhancement of PSS/SSS, PBCH, and PRACH. This contribution discusses about whether these agreements and working assumptions can be applied to Rel-13 MTC WI.
2 PSS/SSS
According to TR 36.888 [2], it was concluded that coverage improvement of PSS/SSS can be achieved by non-coherent accumulation of the existing PSS/SSS signals with a longer sync acquisition time than that for normal LTE UEs. Coverage enhancement by adopting a longer sync acquisition time with existing PSS/SSS signals requires no changes in RAN1 specifications. So, it is worth to consider achieving enhanced PSS/SSS coverage by a longer sync acquisition time.

Proposal 1: The coverage enhancement requirement for PSS/SSS can be achieved by longer acquisition time.
3 PRACH 
Rel-12 agreements about PRACH are listed in Annex A. New aspect for Rel-13 MTC UEs is power consumption reduction, so it is necessary to check whether these agreements are applicable to Rel-13 MTC UEs. As discussed in our companion contribution [3], in our perspective, agreements in Rel-12 would not generate power consumption issues. Therefore, Rel-12 agreements for PRACH coverage enhancement can be applied to Rel-13 MTC UEs, but some clarification for the meaning of agreements considering Rel-13 low-complexity UEs might be needed.
Proposal 2: Apply all Rel-12 agreements for PRACH coverage enhancement to Rel-13 MTC with some clarifications.
4 PBCH
Regarding to PBCH coverage enhancement, some agreements were made during Rel-12 as listed in Annex B. In power consumption reduction aspect, some agreements in Rel-12 could affect to Rel-13 low-complexity MTC UEs. Since these agreements were based on keep-trying decoding mechanism, large latency for PBCH detection would be required and it would increase power consumption of low-complexity MTC UEs.
However, according to Rel-12 discussion, lots of PBCH repetition is required to detect PBCH successfully within 40 msec. To reduce the number of PBCH repetitions, new PBCH with reduced MIB contents size can be considered. Therefore, we evaluated the performance gain of new PBCH with 11 bits (3 bits for system bandwidth and 8 bits for system frame number) based on the evaluation assumptions in Annex 3. Even though MIB contents size is reduced from 24 bits to 11 bits, enough performance gain from new PBCH is not achieved as shown in Figure 1. Moreover, if new PBCH is used for low-complexity MTC UEs, UE cannot use legacy PBCH together to decode new PBCH. So, overhead problem to transmit additional PBCH becomes more significant compared to use legacy PBCH for low-complexity MTC UEs.
Based on the discussion, to meet the required coverage level while making PBCH overhead to not become a big burden, it seems necessary to detect PBCH with keep-trying mechanism. As discussed in Rel-12, once a UE camps on a cell, the network assistance can be considered to reduce PBCH reacquiring latency if necessary. Therefore, keep Rel-12 agreements and working assumptions to Rel-13 MTC could be reasonable.
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Figure 1. Performance of Legacy PBCH and new PBCH repetition
Proposal 3: Apply all Rel-12 agreements and working assumptions for PBCH coverage enhancement to Rel-13 MTC.
5 Conclusion 
In this contribution, we discussed whether agreements and working assumptions made in Rel-12 MTC WI can be applied to Rel-13 MTC WI. Based on the discussion, we obtained following agreements.
Proposal 1: The coverage enhancement requirement for PSS/SSS can be achieved by longer acquisition time.
Proposal 2: Apply all Rel-12 agreements for PRACH coverage enhancement to Rel-13 MTC with some clarifications.
Proposal 3: Apply all Rel-12 agreements and working assumptions for PBCH coverage enhancement to Rel-13 MTC.
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7 Annex A. Rel-12 agreement for PRACH coverage enhancement
	Agreements:
· Enhancement of PRACH format is required to achieve coverage improvement target
· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted
· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level
· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS

Agreement:
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported
Working assumption:
· Repeating the existing preamble formats for PRACH enhancement 

· Relaxing PRACH requirement is FFS

· Frequency hopping is FFS

Agreement:
· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
Agreements:
· Multiple PRACH repetition levels are supported

· FFS: For initial random access, there is one to one mapping between PRACH repetition level and PRACH resource set. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource set according to the selected PRACH repetition level

· FFS: details of PRACH resource set, repetition levels

· FFS: details of random access procedure including initial selection for repetition level

· FFS during initial random access procedure if repetition level associated with transmission of Msg2/3/4 can be semi-statically configured, dynamically signalled, or predefined

· Continue investigations on frequency of initial random access with specific proposals how UE will determine PRACH repetition level for initial access, how respective resources will be signalled, until RAN1 #75 meeting
Agreements:
· WA on usage of existing PRACH formats from RAN1#74bis is confirmed.

· Enhanced coverage UEs and legacy UE may share the same time/frequency resource. In this case, enhanced coverage UEs will use CDM to multiplex with legacy UEs. 
· FFS for multiplexing repetition level(s) within shared time/freq. resources
· In addition define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· FFS for Frequency Hopping

· NOTE: RACH resource mapping for the “low complexity UE not requiring enhanced coverage” is FFS.
Agreements:
· Specified maximum numbers of levels: Working assumption of 3 (this does not include “zero coverage extension”). More evidence needed if we were to extend this. 

· eNB-configurable number of levels (1, 2, 3) up to specified max level.

· Number of repetitions per level: 

· FFS for configurable value. 

· FFS ranges of this value per level – come back later in week.

· 1 attempt = configured number of repetitions.

· FFS: Power ramping is supported
· If UE does not receive a RAR after 1 attempt, it moves to next highest level (e.g. 5 to 10, and 10 to 15). 

· At highest level, FFS on how many attempts are allowed, and the overall procedure (e.g. Backoff etc).


8 Annex B. Rel-12 agreement for PBCH coverage enhancement
	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

Agreements:
· Repetition should be specified as a method to improve coverage.

· FFS between continuous repetition and intermittent repetition. 

· The number of repetitions required is FFS subject to the agreed gain provided by other implementation means 

· Study the performance of repetition including potential decoding techniques till RAN1#75 

· Each company specify the assumption used for UE decoding to exploit intermittent repetition or decoding techniques

· PBCHs are transmitted only in center 6PRBs

· PBCH repetition occurs within 40msec

· In deciding OFDM symbols and subframes for repeated PBCHs, the following should be considered.

· More than 4 OFDM symbols at a subframe can be used for PBCH transmission

· Legacy PBCH is utilized by coverage enhancement (CE) UE (Working assumption)
· If the benefit with new PBCH is significant enough, it can be considered until RAN1 #75 meeting
· FFS: non-MBSFN configurable subframes should be used first. If needed, consider using MBSFN-configurable subframes

· FFS which TDD DL/UL configurations will be supported

· Supporting all TDD DL/UL configuration is considered
Agreements:
· Agree that we only select ONE of the following options that define the repetition burst within the 40ms PBCH cycle:

· Option 1: Repetition in SF#0

· Option 2: Repetition in SF#0 + repetition in SF#5 in odd frames.

· Option 3: Repetition in SF#0 + repetition in 1 other sub-frame in all frames

· Option 4: Repetition in SF#0 + repetition in 3 other sub-frames in all frames 
· FFS until the next meeting which REs should be excluded for PBCH repetition
· Agree that “user data and MIB repetition are assumed not to be sent in the same PRBs.”

· Agree that we shall only select ONE of the options below for configuration of transmission across 40ms cycles:

· Option A: Always send repetition in every 40ms cycle.

· Option B: Dynamic on/off of repetitions on a per 40x ms cycle basis.

· Option C: Repetition based on pattern(s) across a given number of cycles.


9 Annex C. Evaluation assumptions
Table 1. Evaluation assumptions for PBCH
	Parameter
	value

	System bandwidth
	10MHz

	FDD/TDD
	FDD

	Carrier frequency
	2GHz

	Antenna configuration
	2x1, low correlation

	Channel model
	EPA

	Doppler spread
	1Hz

	Frequency tracking error
	100Hz
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