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1 Introduction
In RAN#72 plenary meeting, the WID for enhancement of NB-IoT was agreed, and the following is one of the objectives [1]:

New Power Class(es)
· Evaluate and, if appropriate, specify new UE power class(es) (e.g. 14dBm), and any necessary signaling support, to support lower maximum transmit power suitable for small form-factor batteries, with appropriate MCL relaxations compared to Rel-13 (RAN4, RAN2).
In this contribution, we discuss some considerations for related issues for supporting low power UE  from RAN1 perspective.

2 Discussions
In Rel-13 NB-IoT , two power classes were specified for NB-IoT (Category NB1), Class 3 and Class 5, which are 23dBm and 20dBm, respectively . The main goal of NB-IoT enhancement (Rel-14) is to support new features with lower power consumption and to maintain enhanced coverage and capacity, with lower UE cost. To support various IoT deployment use case and terminal using small form-factor battery type,  new power class(es) is agreed to be introduced. 
In RAN4 there has been proposals that a single low power class , with the maximum transmit power 13dBm or 14dBm could be introduced. To minimizes physical layer specification changes and to prevents lower transmit power class devices from taking excessive uplink resources,  it is proposed that no change to the maximum number of uplink repetitions that are supported for the lower transmit power class, so the maximum duration of uplink transmissions is unchanged. The consequence of maintaining the same maximum number of repetitions for NPUSCH and NPRACH is that a relaxation in the MCL is required for the lower transmit power class, corresponding to the reduction in transmit power compared with the existing 23 dBm power class. Therefore , in  RAN4 #80, the following was agreed

   A reduction in maximum coupling loss shall be applied for UEs that adopt the lower transmit power class. 
· Companies are invited to evaluate the appropriate maximum output power for the new power class with MCL relaxation as compared to 164dB MCL.
· For example: 164 - (23 - P) dB, whereas the reduction in MCL is (23-P), whereas P is the maximum transmission power of the new UE power class
· The group will evaluate for example P = 14dBm as a starting point
More recently, in RAN #73, the following modification to the existing WID was passed

Power consumption and latency reduction

· Support in DL and UL for 2 HARQ processes and larger maximum TBS [RAN1, RAN2, RAN4].

Also it has been proposed  in RAN #73, for example , to  double the size of  maximum TBS supported in NB-IoT. Note the above modification does not exclude the new low power class UE.

For the new low power class UE with maximum transmission power of 13dBm or 14dBm, even to meet the reduced MCL , more UL resources will have to be used and more transmission delay is expected. The use case for the low power class UE is not intended for higher throughput and such terminal usually has stringent power consumption requirement.  Therefore it is proposed the new low power class UE shall support reduced maximum TBS as compare to normal NB-IoT UE.
Proposal 1:  For the new low power class UE, the maximum TBS supported could be smaller than normal NB-IoT UE.
Another issue related to the new low power class UE is positioning. In RAN #73, the following is also agreed regarding NB-IoT positioning support
· OTDOA is supported

· Baseline signal(s) are: NB-IoT Rel-13 signals, LTE CRS/PRS in 1 PRB

· To use a new signal other than above, RAN1 should find substantial performance/UE complexity benefit over using a signal in the above list, without significant UE complexity or power consumption impact

· UTDOA positioning is supported under the following conditions:

· It uses an existing NB-IoT transmission

· It can be used by Rel-13 UEs

For UTDOA, the UE maximum transmitting power has a huge impact on the positioning accuracy. Simulations has been performed assuming the new introduced low power class UE with max Tx power 14dBm. The result is shown in figure 1 below.
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Figure 1: Positioning performance comparison of low-power UE vs normal Nb-IoT UE
It can be seen supporting positioning with the new low power class UE is not feasible, therefore we have the following proposal:
Proposal 2:  For the new low power class UE, FFS the relaxed positioning requirement.

 Another issue associated with low power class UE is the random access process. Naturally, the low power class UE will require significantly larger number of repetitions in the uplink in enhanced coverage scenario. However , with current mechanism the eNB only have the power class information after RACH process and with the RRC connection establishment. This makes the transmission during random access inefficient. 
Currently up to two RSRP thresholds can be broadcasted  and up to 3 coverage enhancement levels can be indicated via these threshold. Based on the UE’s downlink RSRP measurements the UE selects the NPRACH resource for access, and thereby the repetition number of PRACH  . The selected NPRACH resource of the UE gives an indication of the coverage enhancement level the UE is in. The network may use, among other, the selected NPRACH resource as an indication of the UE’s CE level . The reduced power class UE needs to correct the RSRP threshold with a an offset (e.g. power class difference with 23 dBm power class) to account for the UL power limitation.  
Proposal 3:  For the new low power class UE, offset for RSRP measurement thresholds need to indicated.

The physical layer repetition number of PDCCH for Msg2/Msg3/Msg4 is set per CEL in SIB2. If the new power class UE (P dBm) uses the PRACH parameters of the legacy power class UE and independent CEL threshold which is less than the CEL threshold of the legacy power class UE, the repetition number of preamble transmission will be suitable, but the physical layer repetition number of downlink data and control channel for Msg2/Msg3/Msg4 will be too large for the new power class UE, which is wasteful for the downlink radio resource.

It is beneficial for the network to acquire the power class of the UE in the random access procedure. In case the eNB  does not know the power class after preamble, then the eNB has a problem to determine the number of repetitions for Msg 2. In case the eNB calculates the number of repetitions for Msg 2 based on the received power of preamble in the eNB then a reduced power class UE would receive too many repetitions when it was transmitting at its maximum power for Msg1. To achieve this purpose either Msg1 or Msg3 could be used. This is similar to the case where indication of multi-tone support is indicated, where preamble based indication can be achieved with NPRACH partitioning , while Msg3 based indication is achieved with associated signaling bits. It is expected similar concept can be used to indicate low-power class UE within random access procedure.
Proposal 4: For the new low power class UE ,NPRACH preamble or Msg3 can be used to indicate power class to the eNB.

3 Conclusions
In this contribution, we have provided some analysis for the remaining issues to support low power class UE for NB-IoT from RAN1 perspective. We make the following proposals:

Proposal 1:  For the new low power class UE, the maximum TBS supported could be smaller than normal NB-IoT UE.

Proposal 2:  For the new low power class UE, FFS the relaxed positioning requirement.

Proposal 3:  For the new low power class UE, offset for RSRP measurement thresholds need to indicated.

Proposal 4:  For the new low power class UE, NPRACH preamble or Msg3 can be used to indicate power class to the eNB.

References
[1] 3GPP, RP-161324, New work item proposal: Enhancements of NB-IoT, Vodafone, Huawei, HiSilicon, Ericsson, Qualcomm

[2] 3GPP, R4-167174,WF on MCL relaxation for new power class enhanced NB-IoT, RAN4 #80

