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1 Introduction

In RAN1 #74bis meeting, agreements on PRACH as achieved as below:

Agreements:

· 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

Agreements:

· After the initial random access procedure, for a physical channel using repetition, the repetition level is up to network
· 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 signaled, 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 signaled, until RAN1 #75 meeting
In this contribution, we analyze the remaining issues for PRACH coverage improvement (CI) MTC UEs in detail.
2 Repetition the existing preamble formats

2.1 Frequency Hopping

For CI MTC UEs, radio channel fluctuation in time domain is slow. It is relatively easier to acquire frequency domain diversity through frequency hopping, compare with time domain diversity techniques. In this contribution, we give some simulation results about frequency hopping gain in detail. Details simulation parameters are given in the Annex A.1. 
It is not difficult to configure cell specific hopping pattern for the repetition. In Figure 1 and Figure 2 two simple examples are shown where format 0 is used. The hopping can be enabled and made configurable by eNB based on deployment considerations. Note because hopping is cell specific so no extra dedicated frequency is need to dimension. In term of possible collision of coverage enhancement PRACH and PUSCH, enabling hopping will not increase the chance or the need to mute any PUSCH transmission. Specification effort is limited and is confined to the selection of simple hopping patterns. Once the hopping pattern is fixed and enabled, it is known to the scheduler in each subframe scheduling instant. There is no extra scheduling complexity comparing with no hopping case. Some gains from frequency hopping are listed in Table1/2/3, which can be seen that these gains are not marginal. The fact that is almost a free lunch makes it even more attractive.
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Figure 1: Example I for frequency hopping pattern 
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Figure 2: Example II for frequency hopping pattern
Table 1: Frequency Hopping Gain for Format 0 with 2 repetitions
	Rep2，Detection Gain
	Interval=0PRB
	Interval =12PRB
	Interval =24PRB
	Interval =36PRB
	Interval =48PRB
	Interval =60PRB

	Pmiss=10%，Pfa=0.1%
	0
	0.52
	1.11
	1.56
	1.5
	1.09

	Pmiss=1%，Pfa=0.1%
	0
	1.61
	3.03
	3.59
	3.39
	2.96


Table 2: Frequency Hopping Gain for Format 0 with 10 repetitions
	Rep10，Detection Gain
	Interval =0PRB
	Interval =12PRB
	Interval =24PRB
	Interval =36PRB
	Interval =48PRB
	Interval =60PRB

	Pmiss=10%，Pfa=0.1%
	0
	0.64
	1.38
	1.7
	1.71
	1.31

	Pmiss=1%，Pfa=0.1%
	0
	1.38
	2.89
	3.43
	3.55
	3.05


Table 3: Frequency Hopping Gain for Format 0 with 50 repetitions
	Rep50，Detection Gain
	Interval =0PRB
	Interval =12PRB
	Interval =24PRB
	Interval =36PRB
	Interval =48PRB
	Interval =60PRB

	Pmiss=10%，Pfa=0.1%
	0
	0.56
	1.38
	1.74
	1.77
	1.36

	Pmiss=1%，Pfa=0.1%
	0
	1.6
	3.01
	3.7
	3.63
	3.01


From the simulation result we also have two findings:

（1） Frequency Hopping Gain with Pmiss=1% is larger than gain with Pmiss=10% ;

（2） FH Interval within  [36,42] PRBs achieve maximum frequency hopping gain;

Based on these simulation results，we have the following FH configuration suggestion

Table 4：Frequency Hopping interval for different bandwidth
	Channel bandwidth BWChannel [MHz]
	1.4
	3 
	5
	10
	15
	20

	Transmission bandwidth configuration NRB
	6
	15 
	25
	50
	75
	100

	 FH interval 
	No FH
	No FH
	No FH
	36PRBs~42PRBs


Proposal 1: For PRACH repetition, frequency hopping should be supported and configurable by eNB

2.2 Relaxing PRACH requirement
PRACH miss detection occurs when eNB detect different preamble than the one that was sent, not detecting a preamble at all or correct preamble detection but with the wrong timing estimation. By loosening the miss detection probability, coverage improvement can be achieved as the required SINR is reduced. However, it should be noted that the higher miss detection probability is, the higher retransmission rate may be expected, which may lead to higher collision probability and longer access latency. The requirement of PRACH falls into the RAN4 scope so it is preferable RAN4 should be consulted if this route is chosen.
Proposal 2: Send LS to RAN4 asking possible impact of relaxing PRACH requirement.

3 PRACH resource multiplexing scheme 
3.1 Coverage improvement level 

In RAN1 #74b it is agreed that multiple PRACH repetition levels are supported.  The coverage repetition level is meant to achieve a tradeoff between resource utilization and complexity, and the total number of repetition number should depend on cell coverage improvement target requirement. It is thus desirable that the exact coverage level number and the partition of each coverage level is configurable, so the eNB can allocation appropriate resources based on deployment need. Two example partitions are given in the table below.
Table 5: 2 CILs configuration

	CIL Index
	Coverage Improvement Value(CIV)

	0
	0dB <CIV <=7.5dB

	1
	7.5dB <CIV<= 15dB


Table 6:  3 CILs configuration

	CIL Index
	Coverage Improvement Value(CIV)

	0
	0dB <CIV <=5dB

	1
	5dB <CIV<= 10dB

	2
	10dB<CIV<= 15dB


The transmission of a random access preamble triggered by the MAC layer, is restricted to certain time and frequency resources. The frequency and time resource identification, together with the preamble sequence selected, uniquely identify a PRACH resource. PRACH resources are divided into multiple resource set, with each resource set uniquely mapping to one PRACH repetition level. UE selects a PRACH repetition level and transmits the PRACH preamble using the PRACH resource from the resource set according to the selected PRACH repetition level. The mapping between PRACH resource and repetition level not only facilitate eNB, it also convey coverage improvement information pertain to that particular UE. These information can be utilized in the following random access procedure.
Proposal 3: 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

3.2 PRACH preamble selection and resource multiplexing
The RACH format selected should be used to convey the coverage improvement information the eNB needed. The MTC UE may start from the lowest improvement level and ramp up step by step, or it can start from one particular level based on measurement (RSRP, RSRQ etc). 
For PRACH multiplexing scheme between different coverage improvement levels, CDM, TDM and FDM are the available approaches. First of all, the most flexible scheme would be all of them are supported and eNB configure resource set of each coverage level explicitly. The big disadvantage of this approach is the huge signaling cost. Therefore it is preferable a simple categorization is used to achieve the multiplexing. 

Using FDM is a straightforward solutions to differentiate between different coverage improvement levels. There is virtual no specification impact , legacy SIB2 based RACH indication can be maintained, with additional indication of the sequence set reserved for each coverage improvement levels. The eNB could conveniently configure appropriate resources based on deployment scenarios. This is in contrast to FDM based approach, where lack of flexibility will usually cause resource waste. TDM based approach also has the problem of lack of flexibility. The available transmission opportunity is limited within one TDM cycle so the granularity of resource set for each coverage level cannot be chosen with flexibility. What’s more, for TDD system, it is even trickier as the different uplink/downlink configuration need to be accommodated. Considerable effort on specification is required with TDM, and large impact on the current specification is expected. Based on the above analysis we can see that from both specification impact and implementation flexibility perspectives CDM is preferable for multiplexing between different coverage improvement levels. For large bandwidth system, to reduce interference between sequences FDM could a useful complement. This design philosophy already reflected in the legacy system.
Proposal 4: Unified PRACH resource shall be configured by eNB. For multiplexing between different coverage improvements levels, CDM is preferred. 
4 Coverage improvement for RACH procedure
For the repetition number of Msg2/3/4 in the RACH procedure, there are two available solutions

ALT1：The repetition number of Msg2/3/4 and corresponding PDCCH transmission’s repetition is predetermined or semi-statically configured and indicated based on the PRACH format UE selected. 
ALT2:  On top of ALT1, eNB also has dynamic control over the repetition level in the RACH procedure via L1 signaling or indication in the RAR.
The advantage of ALT1 is simplicity.  However, its disadvantage is also evident. Because eNB does not have control over the repetition level in the RACH procedure, it is extremely vulnerable to any possible resource overloading attacks from evil MTC devices. To make sure eNB has total control over the allocation of system resources, it is preferable to enable extra signaling support to adjust repetition level during the random access procedure.
Proposal 5: During initial random access procedure, repetition level associated with transmission of Msg2/3/4 can be predetermined or semi-statically configured. The eNB can dynamically adjust the repetition level via L1 signaling or RAR .
5 Conclusions

In this contribution, we have analyzed PRACH enhancement for coverage improvement MTC UEs in detail and the following proposals are made:
Proposal 1: For PRACH repetition, frequency hopping should be supported and  configurable by eNB
Proposal 2: Send LS to RAN4 asking possible impact of relaxing PRACH requirement.

Proposal 3: 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

Proposal 4: Unified PRACH resource shall be configured by eNB. For multiplexing between different coverage improvements levels, CDM is preferred. 
Proposal 5: During initial random access procedure, repetition level associated with transmission of Msg2/3/4 can be predetermined or semi-statically configured. The eNB can dynamically adjust the repetition level via L1 signaling or RAR .
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A.1 Simulation assumption and simulation results of PRACH Frequency Hopping

Table A.2-1 Simulation assumption

	Parameter
	Value

	System bandwidth
	20MHz

	Sampling Frequency(Fs)
	30.72MHz

	Frame type
	FDD

	Carrier frequency
	2.0 GHz

	PRACH Resource Size
	6PRB

	Antenna configuration
	1T2R

	Channel model
	EPA

	Doppler shift
	1Hz

	Frequency Error
	100 Hz 

	Max Round Trip Delay(Max RTD)
	5*(1/Fs)

	Number of  RACH Sequences Per Sector
	64

	RACH Sequence Type
	RACH Format 0


	Sequence Repetition Times
	2，10，50

	Resource Distribution
	Successive Subframe

	Frequency Hopping Granularity
	0PRB~90PRBs

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%

	Miss Detection Probability
	1%，10%


_1444565456.vsd
Subframe 0


Subframe 1


Subframe 2


Subframe 3


Subframe 4


Subframe 5


Subframe 6


Subframe 7


Subframe 8


Subframe 9


RA(0)


RA(2)


RA(3)


RA(4)


RA(5)


RA(1)


RA(6)


RA(7)


RA(8)


RA(9)


FH Interval



_1444812162.vsd
Subframe 0


Subframe 1


Subframe 2


Subframe 3


Subframe 4


Subframe 5


Subframe 6


Subframe 7


Subframe 8


Subframe 9


RA(0)


RA(2)


RA(3)


RA(4)


RA(5)


RA(1)


RA(6)


RA(7)


RA(8)


RA(9)


FH Interval



