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1. Introduction

At the RAN1#80 meeting, designs for the PRACH were discussed in [1] – [5] and there were agreements and working assumptions regarding the PRACH transmission for the UEs in enhanced coverage as summarized below
Agreements:

· For coverage enh. of PRACH, for initial random access

· There is one to one mapping between PRACH repetition level and PRACH resource set
· Multiple attempts are allowed for each PRACH repetition level

· There is a configurable number of attempts

· FFS: Whether the configuration of the number of attempts is common or separate per repetition level

· Number of attempts per PRACH repetition level can be different

· If UE does not receive a RAR after the allowed number of attempts, it moves to the next higher repetition level
· Specified maximum numbers of levels is 3 (this does not include “zero coverage extension”) 

· FFS: Power ramping or always max power used within each repetition level
· FFS UE behavior when UE receives RAR, but fails contention resolution
Working assumption:

· PRACH frequency hopping can be configured when multiple PRACH frequency resources are available for Rel-13 low complexity MTC UEs in coverage enhanced mode

· Details FFS
Based on the above agreements, there are new aspects to be addressed for the UEs in enhanced coverage. In this contribution, we describe the details regarding the PRACH resource configurations to support different repetition levels and frequency hopping. 
2. PRACH Resources
2.1 PRACH Resource Configurations
It was agreed that the maximum number of repetition levels of three is to be supported for UEs in enhanced coverage. For initial random access, the UE may decide whether or not to apply repetition to the PRACH and which repetition level to use, e.g., based on the RSRP measurement. The same PRACH configuration index and the same frequency offset are not suitable to support different repetition levels since the PRACH transmission with a lower repetition level is likely to be blocked by that for a higher repetition level. Thus, different PRACH configuration indices and/or different frequency offsets are preferred to support different repetition levels as shown in Fig. 1(a). In Fig. 1(a), configuration index #3 is used by the UE without repetition while configuration index #8 is used by the UE requiring 2 or 4 repetitions and a different frequency offset is assigned for 2 and 4 repetitions. When the existing PRACH configuration index is reused for repetition, it would be straightforward to use all the subframe numbers for repeating the same PRACH preambles. For example, since the 3rd and 8th subframes can be used for the PRACH transmission in PRACH configuration index #8, both the 3rd and 8th subframes should be used for repetition. In that case, the UE would need to know the starting system frame number for the repetition. The starting system frame number will be determined by the number of repetitions and the number of subframes in each PRACH configuration index. 

Relying on time and frequency separation to support different repetition levels increases the PRACH time/frequency resources. In order to improve the spectrum efficiency, application of CDM is beneficial as shown in Fig. 1(b). Furthermore, if the orthogonal variable spreading factor (OVSF) code is applied, different repetition levels using the same PRACH preamble can share the same time and frequency PRACH resources as shown in Fig. 1(b). When CDM is applied, an orthogonal cover code (OCC) index and spreading factors need to be indicated to the UE together with the PRACH configuration index. With regard to the exact value of the spreading factor, the spreading factor of four to eight would be appropriate considering the maximum repetition level of three and the performance for the other physical channel. 
Proposal 1: PRACH resources for different repetition levels should be differentiated by the PRACH configuration index, frequency offset, and OCC index.

Proposal 2: The maximum spreading factor should be selected from four to eight.
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(a) TDM/FDM approach
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(b) CDM approach

Figure 1 – PRACH configurations for coverage enhancement
2.2 PRACH Resource Configurations When Applying Frequency Hopping
Configuration of frequency-hopping for the PRACH is considered as the working assumption when multiple frequency resources are available. We consider that applying frequency hopping is beneficial in reducing the number of repetitions for the PRACH preamble transmission. There are several methods to enable multiple PRACH frequency resources. For example, in addition to the PRACH configuration index, multiple frequency offset values are indicated through the MTC-SIB. Then, frequency hopping is applied to every radio frame as shown in Fig. 2. Otherwise, a frequency-hopping pattern is fixed in the specification or configured by the MTC-SIB. When CDM is applied, there are some points that must be taken into account. For multiple PRACH preambles that are multiplied by the same OCC code, frequency hopping basically should not be applied in order to retain the orthogonality among different PRACH resources. For example, in Fig. 2, the spreading factor for PRACH preambles #1 and #2 should be set to 2. If it is set to four, the orthogonality between PRACH preambles #1 and #2 is not retained. However, we note that if the OVSF code is used as the OCC, the spreading factor of 2 for PRACH preamble #1 and the spreading factor of 4 for PRACH preamble #2 are still possible.
Proposal 3: Confirm working assumption, i.e., frequency hopping for the PRACH preamble is configurable for the UE in enhanced coverage. 
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Figure 2 – PRACH configurations for coverage enhancement

2.3 PRACH Transmission Periodicity
As discussed in Section 2.1, the PRACH repetition consumes many more time- and frequency resources. When the current PRACH configuration index is reused in order to support repetition, the PRACH preambles are repeated and transmitted every radio frame (10 ms) or every other radio frame (20 ms). In order to reduce the overhead due to an excessive number of PRACH repetitions, it would be beneficial to introduce a longer periodicity for the PRACH transmission such as 80ms and 160ms. Such a longer periodicity would be applied to higher PRACH repetition levels.
Proposal 4: Introduction of a longer periodicity for the PRACH radio frame should be further considered for higher PRACH repetition levels. 

3. Conclusion
In this contribution, we described our views on the PRACH resource configurations. Most of the existing PRACH configuration can be reused to support the PRACH repetition although some modification is needed. In our view, the overhead caused by the PRACH repetitions should be minimized and thus, we propose the following.
Proposal 1: PRACH resources for different repetition levels should be differentiated by the PRACH configuration index, frequency offset, and OCC index.

Proposal 2: The maximum spreading factor should be selected from four to eight.

Proposal 3: Confirm working assumption, i.e., frequency hopping for the PRACH preamble is configurable for the UE in enhanced coverage. 

Proposal 4: Introduction of a longer periodicity for the PRACH radio frame should be further considered for higher PRACH repetition levels. 
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