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1. Introduction

For the coverage enhancement of PRACH, agreements in RAN1 #75 are as follows [1]:

	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).


In this contribution, as a sequel to the general discussion in [2] [3], we share our further considerations on coverage enhancement of PRACH.
2. PRACH coverage enhancement
In this subsection, under the coverage enhancement case, we present our considerations on PRACH resource multiplexing and PRACH repetition level selection. 
2.1 Resource multiplexing for PRACH repetition levels
In RAN1 #75, besides of zero CE, it was agreed to define 3 PRACH repetition levels (i.e., low CE level: 1~5dB CE, medium CE level: 6~10dB CE, and high CE level: 11~15dB CE), and the working assumption on usage of existing PRACH formats from RAN1 #74bis was confirmed. The number of repetitions per level and the one-to-one mapping to PRACH time-frequency resources per level need to be specified next. In the following we share our views on these topics.
A PRACH resource set is defined as the time-frequency resources used by a coverage enhanced UE for one RA attempt, and a PRACH preamble group is defined as a set of PRACH sequences. Based on the PRACH repetition levels, multiple PRACH resource sets and PRACH preamble groups need to be defined. A PRACH resource set and a PRACH preamble group are associated with a PRACH repetition level, and their configuration can be predefined or given by SIB2. To achieve higher spectral efficiency, a nested structure could be adopted for PRACH resource sets, i.e., for one RA attempt the PRACH resource set of a PRACH repetition level is a subset of the PRACH resource set of a higher PRACH repetition level. 
Besides, PRACH preambles are grouped according to PRACH repetition levels. For UEs in different PRACH repetition levels, different PRACH preamble groups are selected to start RA access on associated PRACH resource sets. For example, UE1 and UE2 have different PRACH repetition levels in one cell. Then, UE1 and UE2 will each randomly select a preamble from its related PRACH preamble group for its RA attempts. For UEs in the same PRACH enhancement level, their PRACH preambles are selected from the same PRACH preamble group, and they are multiplexed following the Rel-8 specification. 
Proposal 1:
· RAN1 should define one-to-one mapping between each PRACH repetition level and a pair PRACH resource set / PRACH preamble group.
· The number of repetitions per level is configurable by SIBs or dedicated RRC signalling. 

Besides, to reap frequency diversity gain, frequency hopping should be adopted for PRACH resources mapping within PRACH resource sets.

Proposal 2: 

· Frequency hopping should be adopted for PRACH resources mapping within PRACH resource sets.

2.2 On the starting level for initial RA
For initial random access, four options for UE behaviours on PRACH repetition level selection are listed for further study as follows:
· Option A: UE selects a PRACH repetition level based on some measurement, and transmits the PRACH preamble using the associated PRACH resource set.
· Option B: UE transmits the PRACH preamble using the PRACH resource set associated to the highest PRACH repetition level.
· Option C: UE transmits the PRACH preamble using the zero CE level. 
· Option D: UE transmits its PRACH preamble using the last configured CE level.
From the point of view of resource efficiency, provided an acceptable measurement accuracy, option A outperforms option B and C, especially when there is a very large amount of MTC UEs in one cell performing initial access in a regular basis. Option B may result in resource waste since not all UEs in one cell need the highest CE. With option C, a UE will start the first RA attempt from zero CE level. If it fails to receive RAR after one attempt, it will move to the next higher CE level, and so on. Option C may lead to additional RA attempts, especially when a high CE level is required. 
With option A, the main concern is the measurement accuracy. As in the email discussion [75-06], DL RSRP measurement in medium/high CE level may not guarantee a UE to accurately identify its needed CE level due to large measurement errors (although the situation is different for UEs in zero/low CE level,  which are able to accurately estimate their current CE level based on DL RSPR). Therefore, for a UE in medium/high CE level, if it selects a lower CE level due to measurement errors, it will start a RA attempt and fail. Then, it will move to a higher CE level for the next RA attempt. If a UE selects a higher CE level due to measurement errors, its subsequent RA attempt will succeed with a high probability. The exact CE level can be tuned either way after RRC is established. Besides, the accuracy of the coverage “quality” could be improved if the MTC UE combines the rough channel estimation obtained from PSS/SSS/PBCH/SIB and the RSRP measurement. 
Regarding option D, its merit relies on the UE being able to remember the last configured CE level, and that last configured CE level correctly reflecting the UE current CE level. For "very" initial access cases, e.g., first installed or reboot after losing memory, the last configured CE level is not available. If MTC devices are moved to other places (e.g., other cells), or the propagation environment between UE and eNB is drastically changed, the last configured CE level may be not a proper choice. Under such cases, option A is recommended.     
Proposal 3:
· For initial random access, an MTC UE selects a PRACH repetition level based on some measurement. 
Additionally, as discussed in TR 36.888, an MTC UE could use PRACH to inform the eNB of its estimated coverage enhancement level. For example, based on DL RSRP and PSS/SSS/PBCH/SIB reception, an MTC UE could estimate its required coverage enhancement level (PRACH repetition level). Then, the MTC UE obtains a PRACH preamble from the corresponding PRACH preamble group to attempt its initial random access. Once the eNB successfully detects a PRACH attempt, it can implicitly identify the UE’s required coverage enhancement level.

Proposal 4:
· An MTC UE indicates its required CE level to the eNB through the selection of the PRACH preamble group.

2.3 On the repetition level after RRC connection
RAN1 #74bis has agreed that after the initial random access procedure, for a physical channel using repetition, the repetition level is up to the network. It means that the starting PRACH CE level should be up to the network in RRC_CONNECTED mode. Once a UE’s starting PRACH CE level is configured by the network, the UE shall start its RA attempt accordingly. Specifically, there are two options for configuring the starting PRACH CE level in RRC_CONNECTED mode as follows.

· Option 1: configured by explicit signalling.
· Option 2: configured by implicit signalling, i.e., eNB chooses one channel (e.g., PDCCH) as the reference channel, and based on the configuration of the reference channel the UE infers the PRACH CE level.
Option 1 is simple, but results in significant signalling overhead, especially in high CE level cases. Without dedicated signalling, option 2 needs to specify the mapping table between PRACH CE level and the chosen reference channel’s CE configuration. Hence, by reading the configuration of the reference channel and looking up the mapping table, a UE gets its required PRACH CE level. Compared to option 1, option 2 needs a smaller signalling overhead. 
 Proposal 5:
· After RRC connection has been established, the starting PRACH repetition level is implicitly configured by the network.
3. Conclusion
In this contribution, we propose:
Proposal 1:
· RAN1 should define one-to-one mapping between each PRACH repetition level and a pair PRACH resource set / PRACH preamble group.
· The number of repetitions per level is configurable by SIBs or dedicated RRC signalling.
Proposal 2: 

· Frequency hopping should be adopted for PRACH resources mapping within PRACH resource sets.

Proposal 3:
· For initial random access, an MTC UE selects a PRACH repetition level based on some measurement.
Proposal 4:
· An MTC UE indicates its required CE level to the eNB through the selection of the PRACH preamble group.

Proposal 5:
· After RRC connection has been established, the starting PRACH repetition level is implicitly configured by the network.
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