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1. Introduction
During RAN2#95bis, NPRACH support on non-anchor carrier was discussed. Remaining open issues and Stage-3 oriented aspects were further considered in an email discussion [2].
This contribution details our views regarding the remaining open issues to support NPRACH on a non-anchor carrier.
2. Discussion
2.1. Resource Configuration
Rel-13 overview

A NPRACH resource is defined by:

NumRepetitions (one-to-one mapping with EC level)


numRepetitionsPerPreambleAttempt-r13
ENUMERATED {n1, n2, n4, n8, n16, n32, n64, n128}

NPRACH Occasion Configuration (PHY)

nprach-Periodicity-r13 




ENUMERATED {ms40, ms80, ms160, ms240, 














ms320, ms640, ms1280, ms2560},

nprach-StartTime-r13




ENUMERATED {ms8, ms16, ms32, ms64, 














ms128, ms256, ms512, ms1024},

nprach-SubcarrierOffset-r13



ENUMERATED {n0, n12, n24, n36, n2, n18, n34, spare1},


nprach-NumSubcarriers-r13



ENUMERATED {n12, n24, n36, n48},


nprach-SubcarrierMSG3-RangeStart-r13
ENUMERATED {zero, oneThird, twoThird, one},
    nprach-NumCBRA-StartSubcarriers-r13

ENUMERATED {n8, n10, n11, n12, n20, n22, n23, n24, 















n32, n34, n35, n36, n40, n44, n46, n48}

maxNumPreambleAttemptCE (MAC)

maxNumPreambleAttemptCE-r13



ENUMERATED {n3, n4, n5, n6, n7, n8, n10, spare1},

}

There is a maximum of 3 NPRACH resources, associated to up to 3 EC levels.

Associated to each NPRACH resource, there is a CSS_RA configuration (Common Search Space for Random Access)

npdcch-NumRepetitions-RA-r13


ENUMERATED {r1, r2, r4, r8, r16, r32, r64, r128, 















r256, r512, r1024, r2048, 















spare4, spare3, spare2, spare1},


npdcch-StartSF-CSS-RA-r13



ENUMERATED {v1dot5, v2, v4, v8, v16, v32, v48, v64},


npdcch-Offset-RA-r13




ENUMERATED {zero, oneEighth, oneFourth, threeEighth}

Moreover, RAR is expected only in a “RA response window” which starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindowSize which is defined per EC level 

ra-ResponseWindowSize-r13


ENUMERATED {











pp2, pp3, pp4, pp5, pp6, pp7, pp8, pp10},

The wording “CSS_RA resource” does not exist, however a convenient definition would be: the part of the CSS_RA (NPDCCH occasions) which is susceptible to be used for RAR. 
Configuration for 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, NW should be able to configure up to 3 NPRACH resources on any non-anchor carrier (up to 1 per EC level).
It is also beneficial to not add flexibility compared to Rel-13 anchor carrier configuration when it is not needed. For instance, up to 1 NPRACH resource per EC level can be configured in Rel-13. It does not seem required to change this for non-anchor. In that case it is better to keep this limitation, as this enables easier Rel-13 design reuse.

Regarding the configuration flexibility, in our view:

· numRepetitionsPerPreambleAttempt and maxNumPreambleAttemptCE parameters: could be common to all carriers for a given EC level. 
· “NPRACH Occasion Configuration” parameters (as detailed above): should be configurable on a per carrier basis (for a given EC level). This is required to adjust the additional resource needed for each EC level with enough granularities. We see the following need:
· nprach-NumSubcarriers (and other Subcarriers related parameters): some carriers may be used to add resources for specific EC levels only. Hence more subcarriers could be available for this CE level (compared to the anchor carrier where they may need to be shared among different EC levels). 

· nprach-Periodicity : there could be a dependency on the DL associated carrier (if not boosted, CSS RA takes 4 times more time). Also it could be adapted depending on the required load to be handled.
· nprach-StartTime : when several NPRACH resources are configured for a given EC level on different carriers, a separate time offset is useful to interlace such NPRACH resources. Indeed:

· this spreads the load on eNB side

· this enables to use same CSS_RA without “CSS_RA resource” collision

For minimal signaling overhead, it should be possible to signal the same resource configuration as the anchor, including delta signaling in case only some parameters need to be adjusted. For instance, for a given EC level, only the parameters with different value than on the corresponding NPRACH resource on anchor carrier need to be signaled. 

Proposal 1: NPRACH resource(s) can be configured separately per non-anchor carrier (up to 1 per EC level), with delta signaling relative to anchor carrier
Regarding CSS_RA, in our view there should be a one-to-one mapping between NPRACH resource and “CSS_RA resource” as defined above. I.e., each NPRACH resource should have a corresponding “CSS_RA resource”, not shared with other NPRACH resource.
For a given EC level, if the same (or overlapping) CSS_RA resources are used for different NPRACH resources, then with current RA_RNTI / RAR definition, there is no way to discriminate whether a RAR is related to one or the other resource. Such signalling could be added, but we feel it may not be required. 

As a baseline, it seems simpler to configure only up to one CSS_RA per EC level per DL non-anchor carrier (as for the anchor carrier). There should be enough flexibility from NPRACH resource configuration (time offset) to ensure separate CSS_RA resources (NPDCCH occasions for RAR) for different NPRACH resources, even if several NPRACH resources point to the same CSS_RA configuration (same DL carrier). 
Hence, it seems enough that CSS_RA is configured per non-anchor DL carrier. 

Proposal 2: CSS_RAs can be configured separately per non-anchor carrier (up to 1 per EC level), with delta signaling relative to anchor carrier

Then, regarding the mapping between NPRACH resource and CSS_RA, we see 2 options:
· Carrier based mapping: a non-anchor UL carrier is associated to a DL carrier (anchor or non-anchor). I.e. the NPRACH resources for this UL carrier points to CSS_RAs which are all on a same DL carrier

· NPRACH resource based mapping: each NPRACH resource can be associated to a CSS_RA on any DL carrier

We feel it could be enough to use carrier based mapping. However NPRACH resource based mapping may be considered if required.
Proposal 3: As regards NPRACH resource to CSS_RA mapping, RAN2 to discuss whether per-carrier mapping or per NPRACH resource mapping is preferred
2.2. Carrier Selection

NPRACH resource selection modelling
In Rel-13, for a given EC level, the UE willing to send NPRACH selects the NPRACH resource and the preamble group (starting subcarriers) corresponding to the desired EC level and to the support for multi-tone Msg3 transmission. It then performs random resource selection among the corresponding N preambles (starting subcarriers) of the group before each preamble transmission.
There are 2 main options for the UE to select NPRACH resource (UL carrier) 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 seems no required for NB-IoT, and the “frequency first” option seems easier from a standard implementation point of view. It can be described as a 2 step process:

· The UE determines the NPRACH resources (i.e. UL carriers) corresponding to the desired EC level 
· The UE select one NPRACH resource (i.e. UL carrier) among the group

Proposal 4: The UE first selects the UL carrier among the carriers providing NPRACH resource for the desired EC level    
By default, the NPRACH resource (UL carrier) selection can be done before each preamble (starting subcarrier) selection. It is preferred to reselect UL carrier for better randomization (and this is helpful in case a carrier is congested), and we see no reason to not do it for each preamble transmission.
Proposal 5: The UE (re)selects the UL carrier before each preamble transmission  
Carrier selection algorithm

Load balancing across NPRACH resources – without accounting for Rel-13 UEs
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 (for a total  load = i), the overall collision rate is Pcoll_total   i2 / Ri. 
This 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 rate on each carrier are then equal (Pcoll= i/Ri ).
Hence, 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. 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.

Load balancing across NPRACH resources – with Rel-13 UEs

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.
Optimized 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. 
The UE can derive the probability to select any non-anchor carrier 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)
Proposal 6: The eNB configures the anchor carrier selection probability for each EC level, and the UE derives the non-anchor carrier selection probabilities from above calculation
In Rel-13, contention based PRACH resources from each EC level may be further divided in 2, in order to indicate or not the support of multi-tone Msg3. We think it could be good enough to only consider (for each EC level) the total resource (including both groups for no multi-tone Msg3 support and for multi-tone Msg3 support). If required though, the above signaling and calculation can be performed on a per EC level / multi-tone Msg3 support group basis.

Selection probability granularity
For signaling optimization purpose, it could be assumed that the anchor carrier selection probability would be at most 50% (e.g. if there are a majority of Rel-14 UEs, and same amount of resource is configured on one non-anchor versus the anchor).

We assume 8 code points (in addition to P0=0) could be good enough, i.e. from 0% to 50% with a granularity of 6.25%.

Proposal 7: The anchor carrier selection probability for each EC level, is signaled from 0% to 50% with a granularity of 6.25%.

Alternative (non-optimized) selection probability signaling
An alternative option is for the eNB to indicate the carrier selection probability Pi for each carrier (for each EC level, and possibly multi-tone Msg3 group). However this increases the signaling overhead as Pi may need to be signaled for each PRACH resource with a new resource density. Moreover, the range of selection probability will need to be between 0 and 100%, i.e. for the same number of code points the achieved granularity will be lower.
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: NPRACH resource(s) can be configured separately per non-anchor carrier (up to 1 per EC level), with delta signaling relative to anchor carrier
Proposal 2: CSS_RAs can be configured separately per non-anchor carrier (up to 1 per EC level), with delta signaling relative to anchor carrier
Proposal 3: As regards NPRACH resource to CSS_RA mapping, RAN2 to discuss whether per-carrier mapping or per NPRACH resource mapping is preferred
Proposal 4: The UE first selects the UL carrier among the carriers providing NPRACH resource for the desired EC level
Proposal 5: The UE (re)selects the UL carrier before each preamble transmission
Proposal 6: The eNB configures the anchor carrier selection probability for each EC level / multi-tone Msg3 group, and the UE derives the non-anchor carrier selection probabilities from above calculation
Proposal 7: The anchor carrier selection probability for each EC level, is signaled from 0% to 50% with a granularity of 6.25%.
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