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1 Introduction

In RAN1 #75 meeting, the following agreements on PRACH are achieved:

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).

Possible agreements:
· Starting level for contention based random access procedure: 

· Case 1: FFS between starting at the lowest level or defining it based on measurement or based on other ways

· Case 2: working assumption: In RRC connected mode could be configured by eNB (dedicated RRC signaling).
In this contribution, we analyze the remaining issues for PRACH coverage enhancement (CE) MTC UEs in detail.
2 PRACH Preamble repetition levels
2.1 Repetition levels configuration
During RAN #60 meeting, “New WI: Low cost & enhanced coverage MTC UE for LTE” ([1]) was approved. One objective of this work item is to provide LTE coverage improvement – corresponding to 15dB for FDD. As described in 36.888[2], the table below lists the MCL table for coverage enhanced(CE) MTC UEs.
Table 1 Max coverage enhanced target of each physical channel

	Physical channel name
	PUCCH (1A)
	PRACH
	PUSCH
	PDSCH
	PBCH
	SCH
	PDCCH (1A)

	MCL (FDD)
	8.5
	14
	15
	10.3
	6.7
	6.4
	9.6

	MCL (TDD)
	12.3
	15
	14.3
	13.6
	12.7
	12.4
	14.8


*Note: Coverage loss caused by single receive RF chain for DL physical channels is not considered in table 1
As shown in Table 1, PRACH max CE target is 14dB in FDD LTE, and 15dB in TDD LTE. Each preamble repetition level should be mapped to a corresponding CE target subsets, and the number of levels is meant to achieve a tradeoff between resource utilization and complexity. The working assumption in RAN1#75 that at most 3 preamble repetition levels (this does not include “zero coverage extension”) can be confirmed, and the preamble repetition times of each level should depend on CE target subsets requirement. For example, N subsets can be equally divided ,and the preamble repetition times of each level is configured in SIB by eNB.
Proposal 1: At most 3 preamble repetition levels are supported (this does not include“zero coverage extension”);

Proposal 2 : The preamble repetition levels number and preamble repetition time for each level should be configured in SIB by eNB.
3 PRACH Resource allocation

3.1 Multiplexing schemes within shared time/freq. resources
According to the conclusion of RAN1#75, coverage enhanced UEs and legacy UE may share the same time/frequency resource. In this case, coverage enhanced UEs will use CDM to multiplex with legacy UEs. In this section, we will analysis the multiplexing scheme of repetition level(s) in detail. 
· FDD LTE

For Legacy FDD LTE system, at most one PRACH time/freq resource is allocated every subframe, so CDM and TDM are possible approaches for the multiplexing scheme of repetition level(s).

For TDM based approach, the available transmission opportunity is limited in time domain, so the access delay is larger than CDM. What’s more, considering the flexibility of granularity of resource set for each CE level, CDM is preferred  
· TDD LTE
For Legacy TDD LTE system, at least one PRACH time/freq resource is allocated in the subframe which contains PRACH resource, so CDM, FDM and TDM are all possible approaches for the multiplexing scheme of repetition level(s).

The number of PRACH time/freq resource allocated in one subframe is determined by prach-ConfigIndex and TDD LTE UL-DL configuration, for example, in Fig 1 PRACH time/freq resource allocation for UL-DL configuration =1,prach-ConfigIndex=12  is shown.
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Fig 1 PRACH resource allocation for UL-DL configuration =1, PRACH configuration=12 in TDD LTE
For TDM based approach, the available transmission opportunity is limited in time domain, so the access delay is larger. In Fig 2 an extreme example of PRACH time/freq resource allocation for UL-DL configuration =4,prach-ConfigIndex=29  is shown, only one subframe is allocated for PRACH resource in a frame, in this case, the granularity of resource set for each repetition level is at least one frame, thus the access delay is very large.
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Fig 2 PRACH resource allocation for UL-DL configuration =4, PRACH configuration=29 in TDD LTE
Therefore, similar to the analysis of FDD LTE, CDM is also preferred in TDD LTE considering the flexibility of granularity of resource set for each repetition level.

Proposal 3:CDM is preferred for multiplexing repetition level(s) within shared time/freq. resources.
3.2 Dedicated time/freq. resources allocation scheme
3.2.1 Frequency hopping
For CE 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 section, we give some further 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 3 a simple examples are shown where format 0 is used. The hopping can be enabled and made configurable by eNB based on deployment considerations. 
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Figure3 Frequency hopping Pattern 
Some simulation results for frequency hopping gains are listed in Table2/3, [59%, 67%] for pmiss=1% and [25%, 29%] for pmiss=10%,which can be seen that these gains are not marginal. 

Table2 Preamble repetition times for each level, Pmiss=1%
	Index
	Coverage Enhanced Target(CET)
	Repetition times w/o FH

(Pmiss=1%，Pfa=0.1%)
	Repetition times with FH

(Pmiss=1%，Pfa=0.1%)

	0
	0dB < CET <=5dB
	6
	2

	1
	5dB < CET <= 10dB
	23
	8

	2
	10dB< CET <= 15dB
	122
	50


Table3 Preamble Repetition times for each level, Pmiss=10%

	Index
	Coverage Enhanced Target(CET)
	Repetition times w/o FH

(Pmiss=10%，Pfa=0.1%)
	Repetition times with FH

(Pmiss=10%，Pfa=0.1%)

	0
	0dB < CET <=5dB
	1
	1

	1
	5dB < CET <= 10dB
	4
	3

	2
	10dB< CET <= 15dB
	21
	15


Proposal 4: For PRACH repetition, frequency hopping should be supported and configurable by eNB.
4 Coverage enhancement for random access procedure 
4.1 Preamble starting level selection

As described in R1-136057[3],three methods for PRACH starting level are list:

·  Method 1: FFS between Start from lowest level or based on defined measurements

· Method 2: Configured by eNB (FFS: dedicated RRC, MAC,  and/or (e)PDCCH) 

· Method 3: UE remembers the last eNB and the last successful level 

We further  divide method 1 into method1a and method 1b as below：

· Method 1a: Start from lowest level;

· Method 1b: Starting level is decided based on defined measurements;

The main use case for PRACH is during power on,from RRC_idle to RRC_connected and in RRC_connected.
· Case 1:Power on

There is no available repetition level stored by UE.  From the aspect of spectral efficiency and UE power  consumption, DL measurement based solution is preferred to just starting from the lowest level . Note it has been discussed by many companies that PRACH preamble collision could be a potential issue , to alleviate that it is certainly beneficial to choose the initial coverage level based on some sorts of measurement.Therefore, Method 1b is preferred in this case.
· Case 2: from RRC_idle to RRC_connected

We can further  divide case 2 into 2a and 2b as below:

· 2a: the last successful configured level is not stored by MTC UE;
the analysis is the same as case 1,so Method 1b is preferred;
· 2b: the last successful configured level is stored by MTC UE;
Method 3 is the direct way to configure the starting level.Considering after data packet transmission,there maybe exist a long period of RRC_IDLE for CE MTC UE, the last successful configured PRACH repetition level stored by MTC UE maybe not suitable when new data transmission coming.Beside, the storage of coverage level is UE implementation dependent, so in this case it is prefered to leave the decision to UE implementation.
Proposal 5: if UE specific starting repetition level is not configured by network, it is implement behavior to configure the starting level based on measurement or as the last successful repetition level stored by CE MTC UE 
Also in case 3, during non-contention based random access, in order to maintain the robustness of access procedures and avoid the mismatching between the coverage enhanced target and the preamble repetition level, some operation should be specified for CE MTC UE , such as power ramping for legacy LTE UE. Considering the full transmission power is configured, the direct way for this case is to indicate the UE to transmit the preamble in the next repetition level, in other words, the preamble assigned for CE MTC UE should support multiple repetition levels.

Proposal 6:During non-contention based random access, the preamble assigned for MTC UE should support multiple repetition levels.
4.2 Clarification on Power Ramping for PRACH
As was found in the contributions about preamble repetition gain from every company,one common point of simulation result is that the preamble repetition gain is not linearly increased,in other words,we can’t get repetition gain of 3dB by double the repetiton times,and repetition gain will futher reduce when the repetion times is large.

Also,considering the large propagation loss between CE MTC UE and eNB(Servicing eNB and neighbor eNB),even full power is configured for CE MTC UE PRACH Preamble transmission, the interference to neighbor eNB can also be ignored. Therefore there is no reason not allowing PRACH transmission in full power.
Proposal 7： Power Ramping is not supported for CE MTC UE PRACH preamble transmission.

4.3 Msg2 Coverage Enhancement
If Msg2 structure for MTC UEs remains same as legacy LTE system, when there are multiple repetition levels CE MTC UEs deployed in the cell, MAC RAR for different levels CE MTC UEs could be transmitted in one Msg2, thus the repetition times of Msg2 should be configured according to the CE MTC UE with the max repetition level. This will result in the waste of resource allocation for Msg2, because not all MTC UEs need to have so many repetitions. There we propose that Msg 2 should be aggregated and transmitted separately according to repetition level.
Proposal 8: msg 2 should be transmitted separately according to the repetition level.
5 Conclusions
In this contribution, we analyze the remaining issues for PRACH coverage improvement (CI) MTC UEs in detail, and the following proposals are given:
Proposal 1: At most 3 preamble repetition levels are supported (this does not include“zero coverage extension”);

Proposal 2 : The preamble repetition levels number and preamble repetition times for each level should be configured in SIB by eNB.
Proposal 3:CDM is preferred for multiplexing repetition level(s) within shared time/freq. resources.
Proposal 4: For PRACH repetition, frequency hopping should be supported and configurable by eNB.

Proposal 5:if UE specific starting repetition level is not configured by network, it is implement behavior to configure the starting level based on measurement or as the last successful repetition level stored by CE MTC UE.
Proposal 6:During non-contention based random access, the preamble assigned for CE MTC UE should support multiple repetition levels.
Proposal 7： Power Ramping is not supported for CE MTC UE PRACH preamble transmission.
Proposal 8: msg 2 should be transmitted separately according to the repetition level.
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A.1 Simulation assumption and simulation results of PRACH Frequency Hopping

Table A.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
	50

	Resource Distribution
	Successive subframes

	Frequency Hopping Granularity
	30PRBs

	Length of RACH Sequences
	839

	False Alarm Probability
	0.1%

	Miss Detection Probability
	1%，10%
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