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1. Introduction
During RAN2#96, NPRACH support on non-anchor carrier was discussed. In particular, RAN2 has made the following agreement: 

· Use different carrier selection probability for anchor and non-anchor carriers. Detail signalling is FFS.
This agreement was made while rejecting the alternative proposal “Use different carrier selection probability for all rach carriers”. In the email discussion [2], a majority of companies seem to agree to signal the selection probability of the anchor carrier. 

However, in our understanding it was never discussed whether the selection probability should be per EC level, or be common to all EC levels.

RAN2 also agreed the following:
· Parameters for NPRACH configuration other than maxNumPreambleAttemptCE and numRepetitionsPerPreambleAttempt for anchor carrier and non-anchor carrier should be set independently.
This agreement gives nearly full flexibility on NPRACH resource configuration on non-anchor carriers. Particularly, the NPRACH resource density can be set differently between EC levels, between anchor and non-anchor carriers but also between different non-anchor carriers.
In this contribution, we detail the consequences of these agreements on the carrier selection / load balancing, as initially commented in the email discussion [2].
2. Discussion
2.1. NPRACH resource per EC level on non-anchor carrier
Before further discussion, it is needed to clarify the configuration of NPRACH resource per EC level. It is currently not clear whether one or several are allowed on a non-anchor carrier.
In our view, it is beneficial that on a non-anchor carrier, the NPRACH resource configuration has similar flexibility as on the anchor carrier. Specifically, the NW should be able to configure up to 3 NPRACH resources on any non-anchor carrier, but with up to 1 NPRACH resource per EC level. It does not seem needed to allow more than 1 NPRACH resource per EC level.
As noted in the email discussion [2], allowing more than 1 NPRACH resource per EC level would also create issues for NPDCCH order, since it is assumed that only the carrier/subcarrier/repetition level would be indicated. With several NPRACH resources per EC level, the information of which NPRACH resource should be used is missing.
From the email discussion, our preference would be to use option b) “Per ‘carrier’ list of NPRACH resources”. In this option, each non-anchor carrier can be configured with 0, 1, 2 or 3 NPRACH resources. It needs to be clarified that configuring several NPRACH resources for the same EC level on the same carrier is not allowed (just like on the anchor carrier).
Proposal 1: There can be only 0 or 1 NPRACH resource per non-anchor carrier per EC level
2.2. Carrier selection with optimal selection probabilities

This section is mostly a summary from our previous contribution [3]. It details the calculation of optimal selection probabilities to reach the lowest collision rate on each PRACH resource. Impacts of latest RAN2 agreements are detailed in the next section.
Load balancing across NPRACH resources
For a given EC level, NPRACH resources should be configured to ensure the collision rate between preambles does not exceed a target – typically a few percent. Assuming N resources (starting subcarriers) configured every T, i.e. a resource rate of R=N/T, and a preamble transmission rate (load) , the collision rate is Pcoll = 1-e-/R.
For a small collision rate target, this can be written as Pcoll  /R.
Considering several carriers configured with different Ri, and assuming the load over each carrier is i  (for a total  load = i), the overall collision rate is Pcoll_total   i2 / Ri. 
This overall collision rate is minimized when 0/R0 = 1/R1=…= M/RM , i.e. when the total load is distributed over the carriers such that the load on each carrier is proportional to the resource density on that carrier. The collision rates on each carrier are then equal (Pcoll= i/Ri ).
If all UEs can access all carriers, this optimum can be achieved with each UE selecting 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. 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.

However, not all UEs may 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(for a given EC level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 (0) and over M non-anchor carriers (1, …, M)  , the optimal distribution is achieved when Pcoll on each carrier are equal, i.e.  (leg + 0)/R0 = 1/R1=…= M/RM. 
Hence, for a given EC level, the optimal carrier selection probabilities are such as :

(P0 + leg / ) /R0 = P 1/R1 =…= P M/RM
Optimal selection probability signaling

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. 
Then, the UE can derive the optimal selection probability for non-anchor carrier i as follows:

· Pi  (1- P0)*Ri / RNA
with 
· P0 : Probability of selecting the anchor carrier

· Ri = Ni/Ti: Resource density on non-anchor carrier i

· Ni : Number of subcarriers for the considered EC level 
· Ti : Periodicity of the NPRACH resource

· RNA = Ri : total resource density on non-anchor carriers
As a first particular case, signaling P0=0 indicates that Rel-14 UEs will use exclusively non-anchor carrier(s). 
As a second particular case, we note that if for a given EC level, M non-anchor carriers are configured with the same resource density, then:

· Ri=R; RNA = R, and 

· Pi  (1- P0)  / M (as one could expect)
2.3. Impacts of RAN2#96 agreements
2.3.1. Resource density for one coverage level across all non-anchor carriers

The current RAN2 assumption is that for a given EC level with resources on M non-anchor carriers:

· Resource density on non-anchor carrier i (Ri = Ni/Ti) can be different
· Selection probability of each non-anchor i will be equal: Pi = (1- P0) / M = Pna
As shown in the previous section, these agreements are not consistent which each other.
Assuming for instance the following scenario (for a given EC level)
· 2 non-anchor carriers A and B

· Resource density RA = R, RB = 2R  (twice as much resources on B than on A)
· P0 = 0 (to simplify, all the UEs supporting non-anchor PRACH are offloaded on non-anchor carriers)

· Total load (distributed over A and B)

With equal selection probability on A and B, load on each carrier is /2, and collision probability will be:
· On A: Pcoll  / 2R
· On B: Pcoll  / 4R (obviously twice lower than on A)
In this specific case, the optimal selection probability Pi  (1- P0)*Ri / RNA would be PA = R/3R = 33.3% and PB = 2R/3R = 66.6%, as one could expect.

Unless there are conformance tests specifically designed to test this kind of configuration, it is difficult to see why a UE implementation would follow this equal selection probability requirement, whereas overall lowest collision probability would be achieved by weighting the selection probability with the resource density. Also it seems not desired from a network optimization perspective to have so much discrepancies between PRACH collision rates in different resources.
Hence, we propose to consider one of the following options.
1- Equal resource density across all non-anchor carriers (for a given EC level)
This can be enforced with same number of subcarriers and periodicity on all non-anchor carriers, which could also be common to the values from anchor carriers, allowing signaling the number of subcarriers and periodicity only for the anchor carrier.
In our view, this could be a bit too restrictive. An alternative, to keep more flexibility, is to add a NOTE in 36.331 to constrain the PRACH resource configuration and avoid network misconfiguration, such as:
NOTE: For each enhanced coverage level, Periodicity and NumSubcarriers should be configured such that the NPRACH resource density (NumSubcarriers/Periodicity) is equal across all non-anchor carriers supporting that coverage level.
(note: we refer only to non-anchor carriers which support resources for a particular EC level, there could still be some non-anchor carriers not supporting resources for that EC level).
2- Non equal resource density allowed, and carrier selection probability proportional to resource density

This can be easily done as explained in “Optimal selection probability signaling” section.
In the Annex, an alternative TP for 36.321 is proposed with the following wording:

the probability of selecting a non-anchor carrier PRACH resource is (1- nprach-ProbabilityAnchor), and individual probability of selecting a specific non-anchor carrier PRACH resource shall be proportional to the resource density on that PRACH resource (NumSubcarriers / Periodicity)

Proposal 2: Choose between option 1 or 2 to solve the resource density issue 

2.3.2. Anchor PRACH selection probability per EC level
We think it would be useful to have a per EC level value for the anchor selection probability. The additional signaling is very limited, since only up to 3 selection probabilities need to be signaled instead of 1 (and delta signaling can be used of same value is still desired).
The primary role of the anchor selection probability is to easily take into account the presence of “legacy UEs” not supporting the feature, which would remain stuck on the anchor carrier.

As a basic example, if we consider only 1 non-anchor carrier, a “legacy UEs load leg”, a “Rel-14 UEs supporting the feature” load , then the lowest collision rate is achieved when

(P0 + leg / ) /R0 = (1 – P0) / R1
This can be done to some extent by adjusting the resource densities Ri, however it is simpler and much more practical to adjust P0 to offload the required amount of UEs on the non-anchor.

As it can be seen, P0 will directly depend on leg / , i.e. on the “legacy load” over “Rel-14 UEs load” ratio.

Using a common P0 for all EC levels assumes that this ratio will be similar for all EC levels. In our view, this may not necessarily be the case. Initial legacy UEs may be deployed for instance for some services (trackers) not requiring deep EC levels. Whereas later some “Rel-14 UEs” may be deployed to support other services (meters) requiring deep EC levels. Hence, per EC level P0 would be required.

The current assumption is to have full flexibility for PRACH resource configurations, on different EC level and carriers. It would also not be very consistent to only support a common anchor PRACH selection probability.
Proposal 3: The selection probability for the anchor carrier should be signaled per EC level 
3. Conclusion 
In this contribution, we have discussed further some aspects of the support of NPRACH on a non-anchor carrier, and made the following proposals:
Proposal 1: There can be only 0 or 1 NPRACH resource per non-anchor carrier per EC level
Proposal 2: Choose between option 1 or 2 to solve the resource density issue
Proposal 3: The selection probability for the anchor carrier should be signaled per EC level
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Annex
Proposed TP for 36.321, based on [4].

5.1.1
Random Access Procedure initialization

[…]

-
if the UE is a NB-IoT UE:

-
the available set of PRACH resources supported in the Serving Cell, nprach-ParametersList and nprach-ParametersNonAnchorList. 

Editor’s note: The name and structure of the parameter containing the non-anchor NPRACH resources is FFS.  The parameter nprach-ParametersNonAnchorList is simply a placeholder.

-
the UL/DL carrier pair associated with a PRACH resource and which is used for the Random Access procedure. For the anchor carrier NPRACH resources contained in nprach-ParametersList the associated carrier is simply the anchor carrier. For the non-anchor carrier NPRACH resources in nprach-ParametersNonAnchorList the associated carrier is indicated as part of the NPRACH resource.

-
for random access resource selection and preamble transmission:

-
a PRACH resource is mapped into an enhanced coverage level. 

Editor’s note: text below is moved in a separate place at the end to avoid repetitions on mapping PRACH resources on carriers.



-
each PRACH resource contains a set of nprach-NumSubcarriers subcarriers which can be partitioned into one or two groups for single/multi-tone Msg3 transmission by nprach-SubcarrierMSG3-RangeStart and nprach-NumCBRA-StartSubcarriers as specified in TS 36.211 [7, 10.1.6.1]. Each group is referred to as a Random Access Preamble group below in the procedure text.

-
a subcarrier is identified by the subcarrier index in the range:
[nprach-SubcarrierOffset, nprach-SubcarrierOffset + nprach-NumSubcarriers -1]

-
each subcarrier of a Random Access Preamble group corresponds to a Random Access Preamble.

-
when the subcarrier index is explicitly sent from the eNB as part of a PDCCH order ra-PreambleIndex shall be set to the signalled subcarrier index.

-
the mapping of the PRACH resources into enhanced coverage levels is determined according to the following:

-
the number of enhanced coverage levels is equal to one plus the number of RSRP thresholds present in rsrp-ThresholdsPrachInfoList.

-
each enhanced coverage level has one anchor carrier PRACH resource present in nprach-ParametersList and zero or more non-anchor carrier PRACH resources present in nprach-ParametersListNonAnchorList (up to 1 per carrier).

-
enhanced coverage levels are numbered from 0 and the mapping of PRACH resources to enhanced coverage levels are done in increasing numRepetitionsPerPreambleAttempt order.
-
when multiple PRACH resources are mapped to the same coverage level, the UE will randomly select one of them using the following selection probabilities:

Editor’s note: initial text proposal below corresponding to equal selection probabilities

-
the selection probability for the anchor carrier PRACH resource is given by nprach-ProbabilityAnchor
-
the selection probability is equal for all non-anchor carrier PRACH resources and the probability of selecting a non-anchor carrier PRACH resource is (1- nprach-ProbabilityAnchor)

Editor’s note: alternative text proposal below corresponding to adjusted selection probabilities
-
the selection probability for the anchor carrier PRACH resource is given by nprach-ProbabilityAnchor
-
the probability of selecting a non-anchor carrier PRACH resource is (1- nprach-ProbabilityAnchor), and individual probability of selecting a specific non-anchor carrier PRACH resource shall be proportional to the resource density on that PRACH resource (NumSubcarriers / Periodicity)

