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1
Introduction
In the LTE standard the use of uplink power control ([1], [4]) and configured maximum power requirements and power classes [4] have ensured that the eNodeB controls all UEs’ power during the connected state.  When the UE enters the network either during initial connection procedures, idle to connected state transition, or during handover, it follows the procedures defined for the random access channel (RACH, [1], [2], [3]).  During these procedures the network has no control over the UE’s use of the RACH resources, and procedures specified by 3GPP should ensure fairness of the use of these resources across all UEs.

With the introduction of narrowband internet of things (NB-IoT) types of devices to the specification ([9][10]), the LTE specification has created a new device category NB1 [6].  Devices of this category support different power classes (Clause 6.2.2F of [4]), and discussions are ongoing to potentially define one more power class with significantly lower output power [11].  Similarly to category M1 above, category NB1 devices, based on a UE determination of its coverage enhancement level, are allowed to select from a set of available narrowband physical random access channel (NPRACH) profiles [1].  Among the parameters of these profiles are preamble length, subframe allocation, and number of repetitions. 

Because the specification allows different power classes of category NB1 UEs to operate in the same network without specifying any deployment restrictions on the UEs, the NPRACH profile selection by the lower-powered UE may, on average, require more resources, such as subframe allocations and repetitions, than the higher-powered UE.  Because we expect that UEs supporting diverse power classes will be evenly mixed across cells in a network on average, this situation may result in an unfair allocation of PRACH resources to lower-powered UEs.
2
Discussion

2.1
General
To improve the fairness of the allocation of PRACH resources to UEs capable of diverse power classes by proposing two aspects:  by defining a partition scheme in time domain of valid PRACH resources based on UE power class or by defining a resource usage ramp-up/back-off algorithm parameterized by UE power class.
Because the decision on the lower power class has to be made in RAN4, all aspects associated with the impact on RF and RRM specifications should also be considered.

Observation 1: One outcome of the consideration of RF and RRM impacts associated with the definition of a new power class may be the recognition that some core specifications, such as higher layer signalling, require additional clarification.

Proposal 1: A concise description of the issue may be the following text:

Because the specification allows different power classes of category NB1 UEs to operate in the same network without specifying any deployment restrictions on the UEs, the NPRACH profile selection by the lower-powered UE may, on average, require more resources, such as subframe allocations and repetitions, than the higher-powered UE
During the RAN4 #81 meeting discussions of potentially enhancing the PRACH procedure for Rel-13 eMTC (Category M1 UEs) were held, but no agreements were made [12] (note: the referenced document was not approved).  The motivation of these discussions is the following:

· Before start transmitting PRACH preamble for initial access to the network, eMTC UEs are required to determines the PRACH enhanced coverage (CE) level based on its RSRP measurements of the downlink reference signals.

· Due to RSRP measurement error

· An eMTC UE may mistakenly select a lower CE level and then access the network with the PRACH configuration of the lower CE level. 

· Consequence: UE may fail in the first initial access attempt, and then increase its CE level for re-access, resulting larger resource usage and longer initial access delays

· An eMTC UE may also mistakenly select a higher CE level and then access the network with the PRACH configuration of the higher CE level. 

· Consequence: UE will use too much extra resource than needed for the initial access attempt, and also result in longer initial access delays.

· The penalty for a wrong selection of the higher CE level is in general much larger than the penalty for a wrong selection of the lower CE level in terms of the PRACH resource waste, since the resource usage for a higher CE level may be multiple times more than a lower CE level.

Three possible solutions were proposed in [12]:

1. If the PRACH CE level determined with the measured RSRP and configured RSRP thresholds is CE X, allow the UE to select  the UE to select CE Y (Y<=X)

2. PRACH CE level is determined with the measured RSRP plus the maximum UE measurement error [image: image2.png]



3. PRACH CE level is determined with the measured RSRP plus the UE measurement bias [image: image4.png]


, which decreases with the improve of RF conditions
4. A potential option to consider for Solution 3 may be to allow the UE to, but not have to, add a positive bias, up to ΔdB, on the RSRP measurements in the determination of the PRACH CE levels. The Δ decreases with the improve of RF conditions.

The proposed solutions do not address the presence of diverse power classes in the same network; even if Proposed Solution 3 were implemented, UEs with lower power classes may still utilize more PRACH resources on average than UEs with higher power classes.

2.2
UL resource partitioning

The LTE specification for NB-IoT defines the NPRACH starting subframe periodicity either via higher layer signaling [3] or, if not provided via signaling, sets it equal to the number of preamble repetitions [1].  For a given NPRACH profile, this periodicity can be considered as a basic time resource unit available for NPRACH to all UEs.  Indexing of these resource units may be done by modulo operations on the system subframe number (SFN).  The NPRACH partition scheme may potentially be defined in the specification as a lookup table of valid NPRACH resource units indexed by UE power class, such that the lowest-valued power class (i.e. UEs with lowest maximum power) are allocated fewer NPRACH time resources than higher-powered UEs.
The partition scheme based on UE power class may be signalled to the UE via higher layer signalling, for example in a system information block (SIB) transmission.  This allows the power-class dependent resource allocation to be network configurable.

Proposal 2: It is proposed to request RAN1 and RAN2 to consider the following:

One approach that may address the issue is a scheme which partitions the available NPRACH resources in a cell into index resource units and defines each unit’s availability to the UE according to its power class
2.3
Power class-dependent RSRP threshold offset

The NPRACH resource selection is based on the configured DL RSRP thresholds, and does not take into account the UL coupling loss (e.g. Tx power). Thus, as an example, for three UE power classes: PC3, PC5, and PCx in the same radio conditions (DL and UL), they may select the same initial NPRACH repetition level and ramp up from there. However, the gaps between the estimated RSRP (a downlink measurement) and the uplink coupling loss (a function of UE Tx power) are not the same for the different power classes.

One approach to resolve this issue may utilize a power class dependent backoff defined for the measured RSRP value via a signaled Pcompensation offset.  Given that diverse power classes in eNB-IoT introduce different gaps between downlink and uplink coverage, UEs with lower power classes, even if they are able to receive downlink signals and estimate RSRP, should be precluded from accessing NPRACH resources outside a power range adjusted by Pcompensation offset.  Furthermore, this backoff should provide a lower bound on estimated RSRP, which is adjusted by an offset that is a function of UE power class, and is intended to preclude lower powered UEs from attempting to enter the network when the expected uplink coupling loss is too high.
Proposal 3: It is proposed to request RAN1 and RAN2 to consider the following:

Another approach that may address the issue is a scheme which defines a power class dependent offset value applied to the UE’s measured RSRP in order to compensate the difference between the downlink and uplink coupling losses caused by the diversity of power classes.

· This approach should also preclude lower powered UEs from attempting to enter the network when the expected uplink coupling loss is too high
3
Conclusions

This paper considered the issue of fair use of NPRACH resources by diverse power class UEs and made the following observations and proposals:
Observation 1: One outcome of the consideration of RF and RRM impacts associated with the definition of a new power class may be the recognition that some core specifications, such as higher layer signalling, require additional clarification.

Proposal 1: A concise description of the issue may be the following text:

Because the specification allows different power classes of category NB1 UEs to operate in the same network without specifying any deployment restrictions on the UEs, the NPRACH profile selection by the lower-powered UE may, on average, require more resources, such as subframe allocations and repetitions, than the higher-powered UE
Proposal 2: It is proposed to request RAN1 and RAN2 to consider the following:

One approach that may address the issue is a scheme which partitions the available NPRACH resources in a cell into index resource units and defines each unit’s availability to the UE according to its power class
Proposal 3: It is proposed to request RAN1 and RAN2 to consider the following:

Another approach that may address the issue is a scheme which defines a power class dependent offset value applied to the UE’s measured RSRP in order to compensate the difference between the downlink and uplink coupling losses caused by the diversity of power classes.

· This approach should also preclude lower powered UEs from attempting to enter the network when the expected uplink coupling loss is too high
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