3GPP TSG RAN WG1 #79                                                           R1-145081
17th – 21th November 2014
San Francisco, USA
Agenda item:    6.3.1.2.3
Source:             Qualcomm Incorporated
Title:                  Other physical channels and signals
Document for:  Discussion and Decision 

1. Introduction
In RAN#65, the work item of further LTE physical layer enhancements for MTC was approved [1]. The work item covers three aspects: 
· Specify a new Rel-13 low complexity UE category/type for MTC operation in any LTE duplex mode (full duplex FDD, half duplex FDD, TDD) based on the Rel-12 low complexity UE category/type supporting the following additional capabilities:

· Reduced UE RF bandwidth of 1.4 MHz in downlink and uplink.

· Bandwidth reduced UEs should be able to operate within any system bandwidth.

· Frequency multiplexing of bandwidth reduced UEs should be supported.

· Reduced maximum transmit power.

· The maximum transmit power of the new UE power class should be determined by RAN4 and should support an integrated PA implementation.

· Reduced support for downlink transmission modes.

· The following further UE processing relaxations can also be considered within this work item:

· Reduced transport block size for unicast and/or broadcast signaling.

· Reduced support for simultaneous reception of multiple transmissions.

· Restricted downlink modulation scheme.

· Reduced physical control channel processing (e.g. reduced number of blind decoding attempts).

· Reduced physical data channel processing (e.g. relaxed downlink HARQ time line).

· Reduced support for CQI/CSI reporting modes.

· Provide a relative LTE coverage improvement – corresponding to 15 dB for FDD – for the UE category/type defined above and other UEs operating delay tolerant MTC applications with respect to their respective nominal coverage. 

· The following techniques (which shall be applicable for both FDD and TDD) can be considered to achieve this:

· Subframe bundling techniques for physical data channels (PDSCH, PUSCH)

· Elimination of use of control channels (e.g. PCFICH, PDCCH, PHICH)

· Repetition techniques for control channels (e.g. PBCH, PRACH, EPDCCH)

· Either elimination or repetition techniques for PUCCH

· Resource allocation using EPDCCH with cross-subframe scheduling and repetition (EPDCCH-less operation can also be considered)

· Separately encoded physical channel formats with repetition for SIB/RAR/Paging

· A new SIB for bandwidth reduced and/or coverage enhanced UEs should be considered.

· Increased reference symbol density and frequency hopping techniques can be considered.

· Relaxed requirements for “probability of missed detection” for PRACH and for initial UE system acquisition time for PSS/SSS/PBCH/SIBs.

· The amount of coverage enhancement should be configurable per cell and/or per UE.

· When defining the detailed solutions for the above coverage enhancement techniques, the work should strive to minimize divergence of solutions between the new UE category/type and other UEs. One acceptable approach is to require a ‘normal complexity UE’ configured with the coverage enhancement techniques to mimic some of the behaviors of a Rel-13 low complexity UE configured with the coverage enhancement techniques.

· The work with the physical layer control signaling (e.g. EPDCCH) and higher layer control signaling (e.g. SIB, RAR and Paging messages) should aim for a high level of commonality between the solutions for the new Rel-13 low complexity UEs and the solutions for coverage enhanced UEs.

· Provide power consumption reduction for the UE category/type defined above, both in normal coverage and enhanced coverage.

· When defining the detailed solutions for the Rel-13 low complexity UEs and the solutions for coverage enhanced UEs, strive to reduce active transmit/receive time to a minimum.

· Modification, including redesign, addition or removal, of signals/channels can be considered if this can achieve significant power consumption reduction.

· Reduction of measurement time, measurement reporting, feedback signaling, system information acquisition, etc., can be considered if this can achieve significant power consumption reduction.

· Half duplex FDD, full duplex FDD, and TDD should be supported but since half duplex operation is particularly beneficial from device complexity and power consumption point of view, the solutions specified within this work item should be optimized for half duplex FDD and TDD.

In this contribution, we provide our view on the other physical channels and signals for MTC. 

2. PBCH Coverage Enhancements
In this contribution, we consider the other physical channels and signals for MTC, in particular, we discuss PBCH channel for MTC. 
One of the main design challenges for coverage enhancements is how to tradeoff between system overhead vs. link budget enhancements for broadcast channels. It has been agreed in Rel 12 WI phase that there is no need to introduce any change to PSS/SSS, and UE can rely on longer correlation time to acquire PCI from PSS/SSS. In this section, we analyze PBCH performance with different degrees of bundling in time. 

One example of PBCH repetition is shown in Figure 1, where PBCH is repeated in the same SF0 by using the other symbols: 
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Figure 1 PBCH with Repetition in SF0
Anther example of PBCH repetition is shown in Figure 2, where PBCH is repeated in SF0, SF1, SF5 and SF6. 
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Figure 2: PBCH Repetition in SF0, SF1, SF5, SF6
In Table 1 below we present the required decoding time for different repetition levels targeting a decoding probability of 95% for different SNR values. In particular we simulate repetition on SF0 ,{SF0, SF5},{SF0, SF1, SF5} and { SF0, SF1, SF5, SF6}, as described in Figure 2. In our simulation setup we assume an MTC UE equipped with 1 antenna that receives PBCH from 2 Tx antennas at eNB. The simulated channel is  EPA with 1Hz Doppler shift. As we can see increasing the number of repetitions decreases the amount of time that MTC UE has to wait until he is able to decode correctly PBCH. For example at -15dB SNR repeating in 3 SFs allows us to reduce the decoding time from more than 5.5s, for the Legacy PBCH, to 0.24s. In the described table 0s as decoding time means that the UE is able to decode the PBCH immediately in the first window of 40ms. 

Table 1: PBCH Decoding Time at 95% Decoding Probability
	EPA
	Legacy PBCH
	Rep:

SF0
	Rep:

SF0,5
	Rep:

SF0,1,5
	Rep:

SF0,1,5,6
	MCL

	SNR

[dB]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	Time

[ms]
	[dB]

	-15
	5598
	889
	373
	243
	166
	156.5

	-14
	2591
	564
	250
	121
	48
	155.5

	-13
	1242
	330
	162
	48
	16
	154.5

	-12
	820
	200
	61
	18
	0
	153.5

	-11
	514
	126
	26
	0
	0
	152.5

	-10
	332
	36
	0
	0
	0
	151.5

	-9
	250
	15
	0
	0
	0
	150.5

	-8
	132
	0
	0
	0
	0
	149.5


In Table 2, we present associated overhead for PBCH repetition. 
Table 2 PBCH Overhead

	PBCH Overhead
	20 MHz
	10 MHz
	5 MHz
	1.4 MHz

	Legacy PBCH
	0.17%
	0.34%
	0.69%
	2.86%

	PBCH repeat in SF0
	0.34%
	0.69%
	1.37%
	5.71%

	PBCH repeat in SF0+SF5
	0.69%
	1.37%
	5.71%
	11.42%

	PBCH repeat in SF0+SF1+SF5
	1.03%
	2.06%
	7.08%
	17.14%

	PBCH repeat in SF0+SF1+SF5+SF6
	1.37%
	2.75%
	9.17%
	22.85%


3. Summary
In this contribution we presented our views on the PBCH design. We make the following proposals:

Proposal 1:


Support PBCH repetition for coverage enhancements. 
Proposal 2:


The PBCH repetition can be limited to subframes 0,1,5,6. The exact repetition length is FFS. 
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