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1. Introduction
In RAN#72, the work item [1] was agreed. It aims to improve Rel-13 NB-IoT with several enhancements/features. As part of the enhancements, the WID includes the following objective: 
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]

This contribution gives our views regarding the support of NPRACH on a non-anchor carrier.

2. Discussion
In Rel-13, an NB-IoT UE can be configured with a non-anchor carrier by dedicated RRC signaling in Msg4 (Setup/Resume/Reestablishment) or Reconfiguration messages, and it starts using the configured carrier after sending the MAC ACK for the last TB of the RRC message.

The whole Random Access procedure always takes place on the anchor carrier, both for initial access and while in RRC_CONNECTED. This encompasses the following messages:
· Msg1 (PRACH preamble) transmission 

· Msg2 (RAR) reception (NPDCCH/CSS_RA+NPDSCH)

· Msg3 transmission (NPUSCH  from UL grant in RAR) and retransmissions (NPDCCH/CSS_RA + NPUSCH)

· Msg4 reception (NPDCCH/CSS_RA)

· If UE was already RRC_CONNECTED (SR or PDCCH order) and contention is resolved, the UE switches to the configured non-anchor carrier (if any was configured) for scheduled NPDSCH/NPUSCH
Message offload flexibility
For efficient offloading of small data transfer, it should be possible to have the whole RA procedure performed on non-anchor carrier(s). The baseline would be that the RA procedure takes place on the same carrier (from Msg1 to contention resolution in Msg4). This has the advantage of simplicity (no additional signaling needed) and commonality with existing procedure.
If more flexibility is desired, it could be possible to configure CSS_RA such that Msg1 and Msg2 use different carriers (e.g. associate NPRACH resources to CSS_RA resources from different carriers).  Similarly, the Msg3 transmission or Msg4 reception could be configured to be performed on different carriers. Such configuration could be done either dynamically (e.g. carrier indicator in DCI) or semi-statically (association from RRC signaling). 
One possible use case could be to benefit from better downlink in case of unequal carriers (e.g. considering a carrier with power boost, or a guard-band carrier vs in-band carrier). For such cases, both Msg2 and Msg4 reception would be improved by using the better carrier, for instance for high EC levels resources. If same CSS_RA is shared with several uplink carriers, RAR needs to be updated to indicate the Msg1 carrier. At this point we do not see a strong need for such flexibility.
For remaining messages, it should still be possible to configure a different carrier for unicast traffic, as for Rel-13.
Proposal 1: The RA procedure (from Msg1 to contention resolution in Msg4) is performed on the same carrier
Resource configuration
From above discussion, it should be possible to configure both NPRACH resources (UL) and associated CSS_RA resources (DL) on a non-anchor carrier. 
In Rel-13, it is possible to configure up to 3 sets { NPRACH resource (UL) and associated CSS_RA resource (DL) } on the anchor carrier, associated to up to 3 EC levels.  A NPRACH resource is mainly defined by a time pattern (periodicity/start time offset), a frequency pattern (number of subcarriers/start subcarrier offset), and a number of PHY repetitions to be used for each preamble transmission attempt. The number of PHY repetitions is related to the EC level supported by this NPRACH resource.
The new carrier should not add more EC levels or provide different EC levels, but rather provide additional resources mapped to the configured EC levels.
As a baseline, the same configuration flexibility as the anchor carrier should be available for the non-anchor carrier. I.e., it should be possible to define 3 sets of resources mapped to the cell EC levels. This would also allow for instance to configure resources for a given EC level on a given anchor carrier – which may ease the scheduling on eNB side, and can be desired in case the carriers are not equivalent (different power boosting, mixed mode deployment).
For minimal signaling overhead, it should be possible to signal the same resource configuration as the anchor, including delta signaling in case some parameters need to be adjusted.

Proposal 2: The NPRACH and CSS_RA resources configuration flexibility is the same as on the anchor carrier

Proposal 3: Similar configuration as anchor carrier can be signaled with optimized signaling  
Dedicated or broadcast

Legacy NPRACH resources are configured by broadcast signaling (SIB2). Non-anchor carrier is configured by dedicated signaling – but non-anchor is used only while in CONNECTED.

The UE needs to be configured while in IDLE to be able to select a non-anchor carrier for RA. Moreover, it needs to be aware of potential configuration changes (e.g. de-configured carrier) before starting RRC connection establishment. Hence, broadcast signaling is preferred. 
Proposal 4: NRACH and CSS_RA resources configuration is performed by broadcast  
Load balancing across NPRACH resources
For a given EC level, NPRACH resources should be configured to ensure the collision rate does not exceed a target – typically a few percent. Assuming N resources (subcarriers) configured every T, i.e. a resource rate of R=N/T, and a transmission rate (load) , the collision rate is Pcoll = 1-e-/R.
For a small collision rate target, this can be written as Pcoll  /R.
If non-anchor carriers are configured with different R (different periodicity T and/or number of subcarriers N), the load should be adapted to yield the same collision rate. E.g., if a non-anchor is configured with twice the amount of resources as the anchor, it should be selected twice more so that load is twice and the collision rate is similar.
Proposal 5: The NPRACH resource selection shall enable a similar collision rate between carriers    
NPRACH resource selection

In Rel-13, for a given EC level, the UE willing to send NPRACH selects the NPRACH resource corresponding to the desired EC level, and performs random resource selection among the N subcarriers configured on the anchor carrier, on the first RA occasion. 
There are 2 main options for the UE to select NPRACH resource corresponding to the desired EC level when several carriers are providing such resources:
- Time first: the UE selects the carrier with the first RA occasion

- Frequency first: the UE selects the carrier independently from RA occasion position

The “time first” option works well for instance when using the same configuration on carriers but with a time offset (so as to have evenly interleaved RA occasions). This enables to reduce the latency and can be useful for exception reports. However if different resource periodicities are used, the load over each carrier would be altered (proportional to 1/T).  As anyway the latency requirement needs to be fulfilled on the anchor carrier itself (for Rel-13), we do not see a strong need for such scheme.
The “frequency first” option seems easier from a standard implementation point of view. In this option, the UE considers the group of carriers providing NPRACH resources for its EC level. It selects a carrier among the group, and then applies existing RA procedure on the carrier (randomly chooses subcarrier from the group on the first RA occasion).
Proposal 6: The UE selects the carrier on which performing RA among the carriers providing NPRACH resource for the desired EC level    
RA carrier selection

There are several options to distribute UEs over carriers. It can be based on implicit rules (e.g. from UE_ID, or using the same carrier as the one used for paging), or from random selection. As there is no strong need for the eNB to know over which carrier a UE will perform PRACH, it seems random selection can be considered as the baseline.
The RA carrier selection mechanism should enable the NW to efficiently distribute the PRACH load over the carriers. For a given total transmission rate (load) , the collision rate is minimized if the load is shared such as per carrier collision rate are equal (and minimal).
As indicated above, a solution could be for the UE to just select a carrier i with a probability Pi proportional to the resource density on that carrier (for a given EC level):  Pi  Ri / R, with R = Ri.
However, one important point to consider is that all UEs may not support non-anchor NPRACH. Typically, all Rel-13 UEs would not support it. It could be argued that such UEs could be software upgraded to Rel-14, however this may not always be possible. Some Rel-14 UEs may also not support the feature. These UEs would generate a load legwhich will always remain on the anchor carrier. 
In such case, considering Rel-14 UEs (supporting the feature) generate a total load (for a given EC level), distributed over the anchor and M non-anchor carriers, the optimal distribution is achieved when Pcoll on each carrier are equal, i.e.  (leg + 0)/R0 = 1/R1=…= M/RM. The optimal carrier selection probabilities are such as (P0 + leg / ) /R0 = P 1/R1 =…= P M/RM.
As it can be seen, for a given EC level, it is enough to signal P0, indicating the probability with which Rel-14 UEs shall select the anchor carrier. The UE can derive the probability to select any non-anchor carrier as Pi  (1- P0)*Ri / RNA, with RNA = Ri being the total resource density on non-anchor carriers. As a particular case, signaling P0=0 indicates that Rel-14 UEs will use exclusively non-anchor carrier(s). An alternative option is for the eNB to indicate the carrier selection probability Pi for each carrier.
Proposal 7: The eNB can configure the carrier selection probability in order to ensure even load balancing    
Additionally, a UE could be configured by dedicating signaling to use a given carrier for RA, superseding the default carrier selection. This could be for use in CONNECTED and/or IDLE, however for IDLE this may be efficient only for stationary devices as the configuration would be lost as soon as the serving cell is lost.

Exceptional report handling

It can be discussed whether the carrier selection depends of the report type (normal or exceptional report). If some carriers have better overall performance (more power/more resources) than others, it would make sense to choose such carrier for the exceptional report. This could translate into faster Msg2/Msg4 reception hence quicker message transmission. 
Proposal 8: The eNB may configure the carrier selection for exceptional report     
3. Conclusion 
In this contribution, we have discussed our views regarding the support of NPRACH on a non-anchor carrier, and made the following proposals:
Proposal 1: The RA procedure (from Msg1 to contention resolution in Msg4) is performed on the same carrier
Proposal 2: The NPRACH and CSS_RA resources configuration flexibility is the same as on the anchor carrier
Proposal 3: Similar configuration as anchor carrier can be signaled with optimized signaling
Proposal 4: NRACH and CSS_RA resources configuration is performed by broadcast
Proposal 5: The NPRACH resource selection shall enable a similar collision rate between carriers
Proposal 6: The UE selects the carrier on which performing RA among the carriers providing NPRACH resource for the desired EC level
Proposal 7: The eNB can configure the carrier selection probability in order to ensure even load balancing
Proposal 8: The eNB may configure the carrier selection for exceptional report
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