3GPP TSG RAN WG1 Meeting #80
R1-150148
Athens, Greece, 9th – 13th February 2015
Source:               ZTE

Title:                    Details on PRACH for MTC enhancement
Agenda item:      7.2.1.2.3
Document for:    Discussion and Decision

1 Introduction
During RAN1#79 meeting, the following agreements on MTC PRACH were approved:
Agreements:[1]
· 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.

Agreements:[2]
· Rel-13 low complexity UE can be identified by PRACH.
· FFS for detailed indication method, e.g., Preamble and/or resource allocation
Detailed coverage enhancement solutions for PRACH are discussed in this contribution.
2 PRACH coverage enhancement
2.1 Identification of Rel-13 low complexity MTC UEs
Rel-13 low complexity MTC UEs can be identified by either Preamble or PRACH resource allocation. The detailed  identification method can be configured by eNB in the SIB. Moreover, if coverage enhancement is supported, PRACH configuration for UEs operating coverage enhancement should be different from Rel-13 low complexity MTC UEs.
Proposal 1: Rel-13 low complexity MTC UEs can be identified by either Preamble or PRACH resource allocation. The detailed identification method can be configured by eNB in the SIB. 
Proposal 2: If coverage enhancement is supported, PRACH configuration for UEs operating in coverage enhanced mode should be different from Rel-13 low complexity MTC UEs.
2.2 Multiple repetition levels

Working assumption of  3 maximum number of  PRACH repetition levels agreed in RAN1 #79 can be confirmed as baseline. CDM and/or TDM and/or FDM can be used as PRACH multiplexing scheme. PRACH resource multiplexing scheme for multiple repetition levels can be configured by eNB in the SIB.
Proposal 3: For PRACH coverage enhancment, maximum 3 repetition levels are supported for Rel-13 low complexity MTC UEs .

proposal 4: PRACH multiplexing scheme for multiple repetition level can be configured by eNB in the SIB.
If RSRP measurement accuracy is not the problem for Rel-13 low complexity MTC UEs in coverage enhanced mode, starting repetition level selection based on RSRP measurement is an optimal scheme. But from the simulation results of RSRP accuracy[3], for Rel-13 low complexity MTC UEs in coverage enhanced mode,RSRP measurement accuracy may not meet the requirementwithout CRS enhancement. Starting repetition level selection based on RSRP measurement may not be a feasible method if RSRP measurement accuracy can not meet the requirement. The UEs can judge whether RSRP measurement accuracy can meet the requirement by the detection of physical channels before random access procedure. For example, the UEs can count the number of combination times of PSS/SSS/SIBs before successful detection. If it is larger than a threshold, Rel-13 low complexity MTC UEs in coverage enhanced mode can select starting repetition level based on RSRP measurement, otherwise, starting repetition level can be set to the highest reptition level.
Proposal 5: Rel-13 low complexity MTC UEs can select starting repetition level based on RSRP measurement if the RSRP measurement accuracy meets the requirement. Details should be further stuided.
2.3 Frequency hopping
One concern on PRACH frequency hopping is retuning times. According to the existing description specified in 36.133, maximum retuning time is 0.5 ms for legacy UEs. If same value is assumed for Rel-13 low complexity MTC UEs in coverage enhanced mode, for each time of frequency hopping, eNB has to reserve one half subframe for UE’s oscillator retuning. For Rel-13 low complexity MTC UEs in coverage enhanced mode, PRACH preamble should be repeated many times during one attempt. If frequency hopping is applied for two adjacent preamble repetitions, a few half subframes should be reserved for oscillator retuning and it would have serious impact on resource utilization. In order to minimize the impact, decreasing frequency hopping times during one attempt is a directly method.Some simulation results on frequency hopping gain for different frequency hopping times during one attempt are shown in Figure 1 and Figure 2(detailed simulation parameters are given in the Annex A.1).
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Figure 1:Frequency hopping gain for different frequency hopping pattern,10 repetition times
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Figure 2:Frequency hopping gain for different frequency hopping pattern,50 repetition times
We can conclude from the simulation results that performance gain for Subframe hopping, Half Frame hopping and Frame hopping are almost the same. Frequency hopping can be done with larger hopping granularity (e.g., Frame hopping) to decrease the retuning impact. Moreover, the retuning problem would only occur when the PRACH resource is continuously allocated. eNB can configure discrete PRACH resources to avoid this problem.
Base on the analysis above, retuning time is not a problem for PRACH frequency hopping for Rel-13 low complexity MTC UEs in coverage enhanced mode. PRACH frequency hopping should be considered for Rel-13 low complexity MTC UEs in coverage enhanced mode.

Observation1 :PRACH performance gain of Subframe Hopping, Half Frame Hopping and Frame Hopping  are almost the same for Rel-13 low complexity MTC UEs in coverage enhanced mode.
Observation2: Retuning time is not a problem for PRACH frequency hopping of Rel-13 low complexity MTC UEs in coverage enhanced mode.
Proposal 6: PRACH frequency hopping  is supported for Rel-13 low complexity MTC UEs in coverage enhanced mode.  
3 Conclusions
The coverage enhancement solutions for PRACH have been discussed in this contribution. We propose the followings:
Observation1 : PRACH performance gain of Subframe Hopping, Half Frame Hopping and Frame Hopping  are almost the same for Rel 13 low complexity MTC UE operating coverage enhancements.
Observation2: Retuning times is not a problem for PRACH frequency hopping of Rel 13 low complexity MTC UE operating coverage enhancements.
Proposal 1: Rel-13 low complexity MTC UEs can be identified by either Preamble or PRACH resource allocation. The detailed identification method can be configured by eNB in the SIB. 
Proposal 2: If coverage enhancement is supported, PRACH configuration for UEs operating in coverage enhanced mode should be different from Rel-13 low complexity MTC UEs.
Proposal 3: For PRACH coverage enhancment, maximum 3 repetition levels are supported for Rel-13 low complexity MTC UEs .

proposal 4: PRACH multiplexing scheme for multiple repetition level can be configured by eNB in the SIB.
Proposal 5: Rel-13 low complexity MTC UEs can select starting repetition level based on RSRP measurement if the RSRP measurement accuracy meets the requirement. Details should be further studied. 
Proposal 6: PRACH frequency hopping  is supported for Rel-13 low complexity MTC UEs in coverage enhanced mode.  
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Annex

A.1 PRACH simulation assumption

Basic simulation assumption is described in Table A.1-1.
Table A.1-1 Basic simulation assumption

	Parameter
	Value

	System bandwidth
	10MHz

	Sampling Frequency(Fs)
	15.36MHz

	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 

	Number of  RACH Sequences Per Sector
	64

	Length of RACH Sequences
	839

	PRACH Resource Allocation
	Continuous subframes

	Preamble Repetition times
	10/50

	Frequency Hopping Pattern
	Subframe Hopping/Half Frame Hopping/Frame Hopping 

	Frequency Hopping  Granularity
	30PRBs


