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1. Introduction
Most of the Rel-12 PRACH related agreements were confirmed in the last RAN1 meeting as follows.
Agreements:
· RAN1 confirms that following PRACH related agreements in Rel-12 LC-MTC are applied for Rel-13 low-complexity UE
· For PRACH multiplexing scheme, CDM, and/or TDM and/or FDM are supported

· 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

· Repeating the existing preamble formats for PRACH enhancement 

· In addition, define additional time/freq. resource region(s) separate for “enhanced coverage” UEs.

· Within new region, at least CDM is allowed.

· 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.

· 1 attempt = configured number of repetitions.
In addition, it was agreed that Rel-13 low complexity UE can be identified by PRACH.

Agreements:
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
In this contribution, we further discuss PRACH coverage enhancement based on these agreements.
2. Discussion

2.1. PRACH resource configuration
It was agreed as a working assumption that maximum 3 coverage extension levels shall be specified for PRACH. Three levels are deemed enough hence it is proposed to confirm the working assumption.

Proposal 1: Confirm the working assumption that maximum 3 coverage extension levels excluding “zero coverage extension” are specified for PRACH.
It is FFS if the number of repetitions per level is configurable. An alternative approach is to specify one to one mapping between coverage extension level and repetition number which will limit the network flexibility. For example, eNBs with different number of antennas would desire different number of repetitions for the same coverage extension level. Therefore it is proposed that it is up to the network to configure the number of repetitions for preamble per level and inform that to UEs in system information. 

Proposal 2: The number of preamble repetitions for each coverage extension level is configured in system information.
It was agreed that Rel-13 low complexity UE can be identified by PRACH which means that dedicated PRACH resource needs to be configured for Rel-13 low complexity UEs. Similarly, dedicated PRACH resource needs to be configured for each coverage extension level UEs so that eNB can identify different UE types and transmit RAR in an appropriate way. It was agreed that CDM, and/or TDM and/or FDM are supported for PRACH multiplexing. It is straightforward to inform the PRACH configurations in system information where PRACH configuration includes preamble sequences, time and frequency resources.
Proposal 3: PRACH resources including preamble sequences and time/frequency resources for legacy UEs, Rel-13 low complexity UEs and each coverage extension level UEs are separately configured in system information.
2.2. PRACH starting level selection
For contention based random access procedure, PRACH repetition starting level selection is another open issue. One conservative method is that the UE tries to perform random access from selecting a preamble repetition number corresponding to the lowest coverage extension level. In case there is no response received from the network, the UE moves to next higher level. This method can work but if the channel condition for a UE is very bad (for example, the UE would require the highest coverage extension level), many unnecessary PRACH transmissions corresponding to lower enhancement level would waste UE power, delay the whole random access procedure and increase the collision probability. 
Observation 1: Starting from the lowest coverage extension level is a feasible approach but may waste UE power, delay the whole random access procedure and increase the collision probability.
PRACH repetition starting level selection based on RSRP measurement is another method that can be considered. For enhanced coverage UEs in very low SNR region, the accuracy of the current RRM measurement using CRS will be poor especially considering the UE’s bandwidth is reduced. Figure 1 shows the RSRP measurement performance when the SNR is set to -20dB, -25dB and -30dB. Note that 100 measurement samples are used for every measurement and the simulation assumptions are listed in Table 1 in the appendix. It can be seen that the RSRP measurement is quite unreliable for such low SNRs and the measured RSRP value will be much larger than the real value due to the high noise level. So, the UE may assume much better channel condition than its real channel condition. In this case the gain from starting level selection based on RSRP measurement is limited.
[image: image1.emf]12 14 16 18 20 22 24

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

RSRP Measurement Error(dB)

CDF

RSRP measurement performance

 

 

SNR=-20dB

SNR=-25dB

SNR=-30dB


Figure 1: RSRP measurement performance in very low SNR region

Observation 2: RSRP measurement accuracy is poor in very low SNR region.
In addition, UE may acquire its coarse channel condition from the procedures prior to random access such as cell search and PBCH decoding. For example, acquisition time of synchronization signals and/or the number of PBCH decoding attempts can be used to acquire the coarse channel condition. However, there is probability of an early success on cell search or PBCH decoding in bad channel condition. 

A reduced UE power class may be introduced for Rel-13 low complexity UE. Furthermore, it is probably it is an optional feature for Rel-13 low complexity UE. Then if the starting level is selected based on downlink measurement, reduced UE power class UE may need to select a higher coverage extension level compared to normal UE power class UE even if the downlink channel condition is similar.
Proposal 4: It is FFS how UE can select an appropriate coverage extension level for PRACH transmission.
2.3. PRACH attempts in each coverage extension level
Power ramping is used to improve the detection performance of retransmitted preamble if no response from the network is received for the previously transmitted preamble. For UEs in enhanced coverage mode, there is already repetition number as one dimension that can be adjusted to match UE’s channel condition. Furthermore, an UE in coverage enhanced mode is likely to transmit at relatively high power already. In addition, the transmission of RAR may be impacted if power ramping is allowed since the eNB cannot estimate the channel quality based on the PRACH repetition number. Therefore, power ramping scheme for PRACH is not applicable for such a UE in coverage enhanced mode.

Proposal 5: Power ramping for preamble transmission is not applied for UEs in enhanced coverage mode.
3. Conclusion
In this contribution, we discuss PRACH coverage enhancement with the following proposals: 
Proposal 1: Confirm the working assumption that maximum 3 coverage extension levels excluding “zero coverage extension” are specified for PRACH.

Proposal 2: The number of preamble repetitions for each coverage extension level is configured in system information.
Proposal 3: PRACH resources including preamble sequences and time/frequency resources for legacy UEs, Rel-13 low complexity UEs and each coverage extension level UEs are separately configured in system information.
Proposal 4: It is FFS how UE can select an appropriate coverage extension level for PRACH transmission.

Proposal 5: Power ramping for preamble transmission is not applied for UEs in enhanced coverage mode.
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5. Appendix
Table 1: Link level simulation assumptions for RSRP measurement
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 RB
	

	Minimum RSRP L1 measurement period
	2000ms
	

	Measurement samples (in time) per gap
	1
	1 ms sample per gap

	Measurement samples interval
	20 ms
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	Propagation conditions
	EPA3
	

	Measurement times
	1000
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