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Introduction
[bookmark: _Ref446581424]In the approved work item (WI) on Rel-14 enhancements for NB-IoT [1] one of the WI objectives is the following:
Non- Anchor PRB enhancements

· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 
· Support transmission of paging on a non-anchor NB-IoT PRB [RAN2, RAN1,RAN3]
 
In this contribution, we briefly discuss the support for random access on non-anchor PRBs from RAN1 perspective. 
Discussion
Background
For Rel-13 of NB-IoT, several limitations were put on multi-carrier functionality as per [2] due to limited amount of time available to finalize the specifications. With regards to the random access procedure, these limitations include:
· The RA procedure is performed on an anchor PRB.
· If the UE needs to perform a RA procedure while on the non-anchor carrier (e.g. due to SR or PDCCH order) it goes back to the anchor carrier and stays there throughout RRC_CONNECTED or until re-assigned to another PRB.
We may consider the mechanism to go back to the non-anchor PRB after the RA procedure.
Further, at RAN2#94 it was agreed as per [3] that:
· After RACH, when the UE was served on a non-anchor carrier, the UE will go back to the non-achor carrier where it was previously served.
Considering the massive amount of devices that an NB-IoT cell is supposed to serve, it can be understood that limiting the random access procedure to only the anchor carrier might easily lead to a bottleneck scenario when UEs try to access the network. Such bottleneck is unnecessary in a multi-carrier deployment considering that there actually are resources available in terms of non-anchor carriers that could offload the access related traffic and as pointed out in the WID for NB-IoT enhancements [1] it should be possible to:
· Support transmission of NPRACH on a non-anchor NB-IoT PRB [RAN2,RAN4] 

In this contribution, the random access procedure in relation to multi-carrier operation is further discussed.
NB-IoT non-anchor carrier random access details
[bookmark: _Ref190406817][bookmark: _Toc226862296][bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246]There are various factors that impact the need for RA load distribution, one of them being the amount of UEs competing for the very same NPRACH resources in a cell. As a result of the outcome of the Rel-13 specifications, it shall be noted that all Rel-13 UEs in a cell will carry out their RA procedure on the anchor carrier.
[bookmark: _Toc455735865][bookmark: _Toc455736313][bookmark: _Toc456189537][bookmark: _Toc458443675][bookmark: _Toc458454809][bookmark: _Toc458467273][bookmark: _Toc458601807]All NB-IoT Rel-13 UEs in a cell will carry out their RA procedure on the anchor carrier.
Since in some scenarios there might only be a limited amount of Rel-13 UEs in a specific cell, we should allow Rel-14 UEs to perform the RA procedure both on the anchor and on non-anchor carriers. For the sake of efficient utilization of the system resources, the term RA should not only relate to the NPRACH resource selection but also Msg2-Msg4 of the RA procedure. 

[bookmark: _Toc455736310][bookmark: _Toc455753368][bookmark: _Toc455754441][bookmark: _Toc455758619][bookmark: _Toc456004735][bookmark: _Toc456020177][bookmark: _Toc456109535][bookmark: _Toc456161337][bookmark: _Toc456173282][bookmark: _Toc456177124][bookmark: _Toc456189544][bookmark: _Toc458443680][bookmark: _Toc458454796][bookmark: _Toc458464833][bookmark: _Toc458467262][bookmark: _Toc458601809]Rel-14 NB-IoT UEs shall be able to perform the RA procedure (including Msg1/Msg2/Msg3/Msg4) both on anchor and non-anchor carrier(s).
At least for UEs with 23 dBm and 20 dBm output power, it is desirable to use the same PRACH design for Rel-14 UEs as Rel-13 UEs on both anchor and non-anchor carrier(s).
UEs that are able to perform the RA on non-anchor carriers need to know about the configuration of such carriers with regards to the RA procedure. We believe that such configuration needs to be provided at least via broadcasted system information, and the details should be decided by RAN2. 
There is no RAN1 impacts to provide the RA-related configuration for anchor and non-anchor carrier(s) to UEs via broadcasted system information. 
Since there might be different amount of Rel-13 and Rel-14 UEs in a cell competing for the same NPRACH resources with the same/comparable amount of repetition levels, there will be a need for uneven distribution of such UEs. Similarly, if the network estimates that few Rel-13 UEs camp on the cell, then the configuration could be such that the RA procedure for Rel-14 UEs are evenly distributed amongst all carriers including the anchor carrier.
[bookmark: _Toc455753371][bookmark: _Toc455754444][bookmark: _Toc455758622][bookmark: _Toc456004738][bookmark: _Toc456020180][bookmark: _Toc456109538][bookmark: _Toc456161340][bookmark: _Toc456173285][bookmark: _Toc456177127][bookmark: _Toc456189547][bookmark: _Toc458443683][bookmark: _Toc458454798][bookmark: _Toc458464835][bookmark: _Toc458467264][bookmark: _Toc458601811]It is beneficial to enable possibility to configure Rel-14 NB-IoT UEs such that their RA attempts are unevenly distributed amongst anchor-, and non-anchor carrier(s).
Amongst the anchor/non-anchor carriers, there is a risk for imbalance in the amount of available resources between the DL and UL. In the DL, the anchor carrier carries NPSS/NSSS/PBCH/SI. Also depending on the load, the DL anchor carrier might further be heavily occupied with Rel-13 UE’s RAR (Msg2), Msg4, and paging related messages (NPDCCH/NPDSCH) and hence be a bottleneck. On the other hand, if the anchor carrier is power boosted, it might be beneficial to use the DL at least for poor coverage UEs on the anchor carrier[footnoteRef:1]. For unicast communication it is already in Rel-13 possible to steer the DL and/or UL of UEs to non-anchor carriers after the RA procedure via physicalConfigDedicated-NB (as part of Msg4). However, during the RA procedure (Msg1, Msg2, Msg3 Msg4), no such possibility exists today and therefore we see a need for separation of DL/UL carrier frequencies already before Msg4, i.e. as part of the random access procedure. Hence, we think it should be possible in the RA-related configuration to configure what DL carrier the UE for each NPRACH resource will receive Msg2 and Msg4 during the RA procedure. The DL carrier could either be an anchor carrier or a non-anchor carrier. Further, it could be possible to configure if Msg3 transmissions should be done on the same UL carrier as Msg1 was transmitted, on the anchor UL carrier or on another (non-anchor) UL carrier. However, we do not see a large benefit for this so we propose to keep the UL carrier frequency the same during the RA procedure.  [1:  Note that this is just an example; it is not only the anchor carrier that might be power boosted, hence the same logic applies to any non-anchor power-boosted carrier. In general, it is beneficial for UEs in high CE to receive Msg2/Msg4 from a power boosted DL carrier.] 

After Msg4, the UE may be directed to a carrier as in Rel-13 through a dedicated configuration. If no dedicated configuration is provided, the UE remains on the UL carrier where Msg1 was transmitted and the DL where Msg2 was received. If this is supported, a NW could configure a NB-IoT cell such that UEs in poor coverage use the power boosted DL carrier for Msg2, and Msg4, whereas the UEs in good coverage are configured to use non-power boosted DL carriers for Msg2/Msg4.

[bookmark: _Toc456004741][bookmark: _Toc456020183][bookmark: _Toc456109541][bookmark: _Toc456161343][bookmark: _Toc456173288][bookmark: _Toc456177130][bookmark: _Toc456189551][bookmark: _Toc458443687][bookmark: _Toc458454802][bookmark: _Toc458464839][bookmark: _Toc458467266][bookmark: _Toc458601813]
[bookmark: _Toc458674958]For the RA procedure including Msg1/Msg2/Msg3/Msg4, it shall be possible to configure the DL carrier to be used per NPRACH resource present on non-anchor carriers.
[bookmark: _Toc458464840][bookmark: _Toc456004742][bookmark: _Toc456020184][bookmark: _Toc456109542][bookmark: _Toc456161344][bookmark: _Toc456173289][bookmark: _Toc456177131][bookmark: _Toc456189552][bookmark: _Toc458443688][bookmark: _Toc458454803][bookmark: _Toc458467267][bookmark: _Toc458601814]During the RA procedure including Msg1/Msg2/Msg3/Msg4, it is sufficient to use one UL carrier (for Msg1/Msg3) and one DL carrier (for Msg2/Msg4).
[bookmark: _Toc456004743][bookmark: _Toc456020185][bookmark: _Toc456109543][bookmark: _Toc456161345][bookmark: _Toc456173290][bookmark: _Toc456177132][bookmark: _Toc456189553][bookmark: _Toc458443689][bookmark: _Toc458454804][bookmark: _Toc458464841][bookmark: _Toc458467268][bookmark: _Toc458601815]If no dedicated configuration (physicalConfigDedicated-NB) is provided to the UE in Msg4, the UE remains on the UL carrier where Msg1/Msg3 was transmitted and on the DL carrier where Msg2/Msg4 was received.
In Rel-13, two power classes were defined for NB-IoT UEs; namely 23dBm and 20dBm. In Rel-14, even lower power classes might become relevant as described in the WID:
“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).”

This implies almost an order of magnitude in difference between UEs with the lowest and highest power classes in the UL. As the eNB does not know the power class of the UE in the initial messages, this difference can lead to an erroneous assumption when the eNB tries to estimate the UL path loss. This results in that the initial link adaptation, e.g. the number of repetitions and/or the MCS used for Msg2/Msg3, could be wrong and unnecessary radio resources are wasted which reduces the system capacity especially for accesses from poor coverage UEs. If the eNB would know that an NPRACH access originates from a low power class UE the eNB could thus perform a better link adaptation and improve the overall system capacity. 
[bookmark: _Toc458454810][bookmark: _Toc456189538][bookmark: _Toc458443676][bookmark: _Toc458467274][bookmark: _Toc458601808]With the introduction of a new UE power class (e.g. 14 dBm) in Rel-14 a better link adaptation to improve the overall system capacity could be achieved in case the power class of the UE for an NPRACH access is known.
One way to achieve this could be to let low power class UEs in poor coverage (e.g. only for CE-level 1 and 2) select reserved NPRACH resources, e.g. certain start subcarriers from an NPRACH resource and/or a separate NPRACH resource either from the anchor carrier or from a non-anchor carrier.
In Rel-13, it was agreed that a UE in connected mode on a non-anchor carrier in need of performing an RA procedure (due to SR or PDCCH order) goes back to the anchor carrier to perform the RA procedure. 
For Rel-14, we propose that UEs in connected mode, unless explicitly configured to use specific NPRACH resource, choose the NPRACH resource (regardless if on anchor or non-anchor carriers) for performing their RA procedure in the same way as chosen in idle mode as described above. These resources were after all the most suitable when chosen in idle mode based on NW configurations and not all non-anchor carriers will have allocated NPRACH resources allocated. Then, just as in Rel-13, the UE should return to the previous used UL/DL carriers after contention resolution unless explicitly configured not to do so. Further, we believe that it should be possible for an operator to explicitly signal to the UE to perform the RA on a specific NPRACH resource by a PDCCH order. When the non-anchor NPRACH is indicated as part of the PDCCH order the configuration from SIB2-NB should be used. 
[bookmark: _Toc456177136][bookmark: _Toc456189556][bookmark: _Toc458443694][bookmark: _Toc458454807][bookmark: _Toc458464844][bookmark: _Toc458467271][bookmark: _Toc458601818]UEs in connected mode, unless explicitly configured to use a specific NPRACH resources, choose the NPRACH resource in the same way as in idle mode. As in Rel-13 the UE return to the previous carrier after contention resolution unless explicitly configured not to do so.
[bookmark: _Toc456177137][bookmark: _Toc456189557][bookmark: _Toc458443695][bookmark: _Toc458454808][bookmark: _Toc458464845][bookmark: _Toc458467272][bookmark: _Toc458601819]Introduce a new DCI format for PDCCH order which can explicitly point out an NPRACH resource configuration on any UL carrier broadcasted on SI. If the PDCCH order explicitly points out an NPRACH resource, the UE shall use that one, otherwise the idle mode NPRACH resource selection is performed by the UE.

Conclusion
Based on the discussions, we have the following observations and proposals regarding random access on non-anchor carrier.
1. There is no RAN1 impacts to provide the RA-related configuration for anchor and non-anchor carrier(s) to UEs via broadcasted system information. 

All NB-IoT Rel-13 UEs in a cell will carry out their RA procedure on the anchor carrier.
With the introduction of a new UE power class (e.g. 14 dBm) in Rel-14 a better link adaptation to improve the overall system capacity could be achieved in case the power class of the UE for an NPRACH access is known.
1. Rel-14 NB-IoT UEs shall be able to perform the RA procedure (including Msg1/Msg2/Msg3/Msg4) both on anchor and non-anchor carrier(s).
At least for UEs with 23 dBm and 20 dBm output power, it is desirable to use the same PRACH design for Rel-14 UEs as Rel-13 UEs on both anchor and non-anchor carrier(s).

It is beneficial to enable possibility to configure Rel-14 NB-IoT UEs such that their RA attempts are unevenly distributed amongst anchor-, and non-anchor carrier(s).

For the RA procedure including Msg1/Msg2/Msg3/Msg4, it shall be possible to configure the DL carrier to be used per NPRACH resource present on non-anchor carriers.
During the RA procedure including Msg1/Msg2/Msg3/Msg4, it is sufficient to use one UL carrier (for Msg1/Msg3) and one DL carrier (for Msg2/Msg4).
If no dedicated configuration (physicalConfigDedicated-NB) is provided to the UE in Msg4, the UE remains on the UL carrier where Msg1/Msg3 was transmitted and on the DL carrier where Msg2/Msg4 was received.

UEs in connected mode, unless explicitly configured to use a specific NPRACH resources, choose the NPRACH resource in the same way as in idle mode. As in Rel-13 the UE return to the previous carrier after contention resolution unless explicitly configured not to do so.
Introduce a new DCI format for PDCCH order which can explicitly point out an NPRACH resource configuration on any UL carrier broadcasted on SI. If the PDCCH order explicitly points out an NPRACH resource, the UE shall use that one, otherwise the idle mode NPRACH resource selection is performed by the UE.
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