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1. Introduction
Rel-13 low cost MTC work item was approved in [1] in RAN#65. 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 is targeted. In this contribution, we discuss the PRACH coverage enhancement techniques.
2. Discussion for Rel-12 agreements and working assumptions
During Rel-12, the following agreements and working assumptions were made regarding PRACH coverage enhancement [2].
	Agreements:
· Enhancement of PRACH format is required to achieve coverage improvement target
· FFS if new PRACH format(s), new resources, or repetition of existing PRACH format(s) is adopted

· Define one or multiple PRACH coverage enhancement level
· FFS whether or not to use PRACH to indicate coverage level
· Details, such as resource multiplexing (TDM/FDM/CDM) method,  are  also FFS

· 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:
· 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 signalled, 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 signalled, until RAN1 #75 meeting
· 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.
· 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).


It was agreed in Rel-12 to repeat the existing preamble formats for PRACH coverage enhancement which is in line with considering repetition techniques for PRACH in the Rel-13 WID. The agreed multiplexing schemes can be used for enhanced coverage UEs and legacy UEs. Multiple PRACH repetition levels can be used by the UE to indicate the required CE level and also to enhance the spectral efficiency. Therefore, we have the following proposal:
Proposal 1: The Rel-12 agreements and working assumptions on PRACH coverage enhancement can be reused in Rel-13.
3. Discussion on the Rel-12 FFS aspects
3.1. PRACH multiplexing scheme in random access procedure
If only CDM is supported for PRACH multiplexing between enhanced coverage UEs and legacy UEs, the probability of preamble collision may increase for both legacy UEs and enhanced coverage UEs because of the preamble partitioning. Furthermore, preamble power imbalance at the eNB receiver due to large pathloss difference between enhanced coverage UEs and legacy UEs will degrade the preamble detection performance of the enhanced coverage UEs. So, FDM and TDM PRACH multiplexing between enhanced coverage UEs and legacy UEs should also be considered. 

For PRACH resource multiplexing among multiple PRACH enhancement levels, CDM/TDM/FDM can also be used based on the application scenario. When the traffic load is relatively low or the system bandwidth is small, CDM PRACH multiplexing can be used for different coverage enhancement levels. When traffic load is high, FDM multiplexed PRACH resources can be configured to boost the PRACH capacity and reduce preamble collision. For the above scenarios, PRACH resources for lower enhancement level(s) can be TDM multiplexed to provide more PRACH resources and reduce random access delay.

Based on the discussion above, we have the following proposal: 
Proposal 2: CDM, TDM and FDM are all supported for PRACH multiplexing between legacy UEs and enhanced coverage UEs and among UEs of different PRACH enhancement levels. It is up to the network to decide which multiplexing scheme(s) to be used.
3.2. PRACH resource configuration
It was agreed in Rel-12 that multiple coverage extension levels shall be specified for PRACH while it is FFS if the number of repetitions per level is configurable. An alternative approach is to specify one to one mapping between coverage enhancement level and repetition number. However, that will limit the network flexibility. For example, eNBs with different number of antennas would desire different number of repetitions for the same coverage enhancement 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. 

Proposal 3: The number of preamble repetitions for each coverage enhancement level is configurable.
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. In addition, accurate pathloss measurement cannot be expected for such UEs. Furthermore, an UE in coverage enhanced mode is likely to transmit at relatively high power already. Therefore, power ramping scheme for PRACH may not be that applicable or useful for such a UE in coverage enhanced mode.

Proposal 4: Power ramping for preamble transmission is not supported for UEs in enhanced coverage mode.

3.3. 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 enhancement 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 enhancement level), many unnecessary PRACH transmissions corresponding to lower enhancement level would waste UE power and delay the whole random access procedure.    

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.
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Figure 1: RSRP measurement performance in very low SNR region
In fact, UE can 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 since they are basically relevant to the coverage enhancement level although there is a small probability of an early success on cell search or PBCH decoding in bad channel condition. So, from cell search and PBCH decoding, the UE can get a relatively coarse knowledge of its channel condition.

Proposal 5: PRACH repetition starting level selection can depend on channel condition acquired from the procedures such as cell search and PBCH decoding.

3.4. Determination of repetition levels during initial random access
1) Random Access Response generated by MAC on DL-SCH (Msg2)

The Msg2 is scheduled by PDCCH. In enhanced coverage mode, the eNB may repeat PDCCH many times to ensure that the UE can decode it correctly. A simple and possible way to determine the repetition level of PDCCH is to define some direct or indirect mapping or relationship between the PDCCH repetition level and the Msg1 repetition level, which can be semi-statically configured or predefined. Note that indirect mapping or relationship between the PDCCH repetition level and the Msg1 repetition level means that the PDCCH repetition level and the Msg1 repetition level can be separately mapped with the coverage enhancement level.  The repetition level of Msg2 can be determined like its scheduling PDCCH, i.e. it can be semi-statically configured by SIB with association to the repetition level of Msg1.

2) First scheduled UL transmission on UL-SCH (Msg3)

The UL grant of Msg3 is conveyed in Msg2. The size of Msg3 for Rel-13 MTC UEs shall be further considered. If the size of Msg3 is roughly the same for all for Rel-13 MTC UEs, then the repetition level of Msg3 can also be semi-statically configured by SIB with association to the repetition level of Msg1. The repetition level for the PDCCH scheduling Msg3 can be the same as the repetition level for PDCCH scheduling Msg2. 
3) Contention Resolution on DL (Msg4)

Similar with PDCCH scheduling Msg2 and PDSCH containing Msg2, the repetition levels for PDCCH scheduling Msg4 and the PDSCH containing Msg4 can semi-statically configured by SIB with association to the repetition level of Msg1.

Overall, based on the analysis above, we propose: 

Proposal 6: During initial random access procedure, the repetition levels associated with the transmission of Msg2/3/4 should be semi-statically configured by SIB with association to the repetition level of Msg1.
4. Conclusion
In this contribution, we discuss PRACH coverage enhancement with the following proposals: 
Proposal 1: The Rel-12 agreements and working assumptions on PRACH coverage enhancement can be reused in Rel-13.
Proposal 2: CDM, TDM and FDM are all supported for PRACH multiplexing between legacy UEs and enhanced coverage UEs and among UEs of different PRACH enhancement levels. It is up to the network to decide which multiplexing scheme(s) to be used.

Proposal 3: The number of preamble repetitions for each coverage enhancement level is configurable.

Proposal 4: Power ramping for preamble transmission is not supported for UEs in enhanced coverage mode.

Proposal 5: PRACH repetition starting level selection can depend on channel condition acquired from the procedures such as cell search and PBCH decoding.

Proposal 6: During initial random access procedure, the repetition levels associated with the transmission of Msg2/3/4 should be semi-statically configured by SIB with association to the repetition level of Msg1.
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6. 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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