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Introduction
RAN#72 approved new Rel-14 WI on enhancements of NB-IoT [1] where one of the objectives is to add support for transmission of NPRACH on non-anchor carriers.
Random access on non-anchor carrier was discussed in RAN2#95 and the following agreements were made [2]:
Support the transmission of NPRACH on a non-anchor carrier in the case of initial access from RRC_IDLE and in the case of RRC connection re-establishment procedure.
Support the transmission of NPRACH on a non-anchor carrier in the case of PDCCH order and in the case of UL transmission during RRC_CONNECTED requiring random access procedure.
The network broadcasts the non-anchor carrier RACH resource configuration (BCCH is currently on anchor carrier)
During the RA procedure including Msg1/Msg2/Msg3/Msg4 (one attempt), it is sufficient to use one and the same UL carrier (for Msg1/Msg3) and one and the same 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.

In this contribution further details about UE random access on a non-anchor carrier are discussed.
[bookmark: _Ref178064866]Discussion
NPRACH resource configuration
In Rel-13 up to three CE levels can be configured for RACH where each CE level is associated with an NPRACH resource on the anchor carrier. The UE determines its CE level by measuring RSRP and then randomly selects one of the preambles/subcarriers from the associated NPRACH resource.
NPRACH transmission on non-anchor (UL) carriers can be supported by adding additional NPRACH resources to the defined CE levels. Each such NPRACH resource would in addition to the Rel-13 parameters contain a reference to the UL non-anchor carrier that it is associated with. This UL carrier is then used for both msg1 and msg3 in the random access procedure as agreed in RAN2#95.
[bookmark: _Toc462214489][bookmark: _Toc462904039][bookmark: _Toc462906239][bookmark: _Toc462957386][bookmark: _Toc463008508][bookmark: _Toc463008554][bookmark: _Toc463009111][bookmark: _Toc463009178]Each non-anchor carrier NPRACH resource contains a reference to its associated non-anchor UL carrier (used for RA msg1 and RA msg3).
In Rel-13 each NPRACH resource has an associated CSS_RA resource which is defined together with the NPRACH resource in NPRACH-Parameters-NB. When non-anchor RACH is introduced, the common search space for RA (CSS_RA) may be located on a non-anchor DL carrier. To support this, a reference to the DL carrier where the CSS_RA is located should be added to the NPRACH resource. In our view there should be no restrictions on the choice of DL carrier, i.e. the DL carrier can be either the anchor carrier or a non-anchor carrier. Further, multiple non-anchor NPRACH resources can refer to the same DL carrier. Furthermore, as agreed in RAN2#95, the DL carrier used for msg2 is also used for msg4 in the random access procedure.

[bookmark: _Toc462214490][bookmark: _Toc462904040][bookmark: _Toc462906240][bookmark: _Toc462957387][bookmark: _Toc463008509][bookmark: _Toc463008555][bookmark: _Toc463009112][bookmark: _Toc463009179]Each non-anchor carrier NPRACH resource contains a reference to its associated anchor/non-anchor DL carrier (used for RA msg2 and RA msg4).
In our view the granularity provided by existing (up to three) CE levels are sufficient and we do not see a need to define additional CE levels in Rel-14. A consequence of relying on the existing CE level definition is that the anchor carrier must contain NPRACH resources for all CE levels; however, we do not think this is a serious limitation.
[bookmark: _Toc463008510][bookmark: _Toc463008556][bookmark: _Toc462214491][bookmark: _Toc462904041][bookmark: _Toc462906241][bookmark: _Toc462957388][bookmark: _Toc463009113][bookmark: _Toc463009180]We keep the existing (up to three) CE levels, i.e. we do not define additional CE levels for non-anchor NPRACH resources. 
In our view it should be possible to configure the NPRACH resources (including the associated CSS_RA) independently for different UL carriers. To minimize signalling overhead, delta configuration can be supported where only the parameters that differ from the corresponding anchor carrier NPRACH resource (i.e. the NPRACH resource configured on the anchor carrier for the same CE level) are signalled. If a parameter is absent the anchor carrier configuration is used.

[bookmark: _Toc462214492][bookmark: _Toc462904042][bookmark: _Toc462906242][bookmark: _Toc462957389][bookmark: _Toc463008511][bookmark: _Toc463008557][bookmark: _Toc463009114][bookmark: _Toc463009181]Delta configuration of an NPRACH resource (including the associated CSS_RA) is supported where only the parameters that differ from the corresponding anchor carrier NPRACH resource (i.e. the NPRACH resource configured on the anchor carrier for the same CE level) are signalled. If a parameter is absent the anchor carrier configuration is used.

The mapping between CE levels and NPRACH resources (including the associated CSS_RA) is illustrated in the figure below. In this example there are two CE levels defined in the cell with three and two NPRACH resources respectively. The first NPRACH resource for a CE level is always the Rel-13 anchor NPRACH resource, i.e. it is located on the anchor UL carrier (and the CSS_RA is located on the anchor DL carrier) and is used by both Rel-13 and Rel-14 UEs. The remaining NPRACH resources in a CE level correspond to different non-anchor UL carriers and are only used by Rel-14 UEs. As can be seen in this example, the DL carrier associated with a CSS_RA resource can be either the anchor DL carrier or a non-anchor DL carrier. In this example the non-anchor NPRACH resources on CE level 1 use the anchor DL carrier for the CSS_RA resource as this carrier would typically be power boosted, whereas the non-anchor NPRACH resources on CE-level 0 use a non-anchor DL carrier. The Rel-13 anchor NPRACH resources always use the anchor DL carrier for the CSS_RA resource though.



Figure 1: Logical mapping between CE levels, NPRACH resources, and UL/DL carriers

A complete ASN.1 proposal supporting the mapping and delta configuration described above is provided in the accompanying contribution [5].
Carrier selection
In our view the NPRACH resource selection is a two-step process where the UE first determines the set of NPRACH resources for the CE level the UE is currently in, and then randomly selects an NPRACH resource from within this set. Since each NPRACH resource maps to a certain pair of UL and DL carriers, the UL and DL carriers will also be determined in this process. We propose the CE level is determined in the same way as in Rel-13, i.e. the UE measures RSRP on the anchor and compares the result to the list of RSRP thresholds.
[bookmark: _Toc462214493][bookmark: _Toc462904043][bookmark: _Toc462906243][bookmark: _Toc462957390][bookmark: _Toc463008512][bookmark: _Toc463008558][bookmark: _Toc463009115][bookmark: _Toc463009182]The UE determines its CE level by measuring RSRP on the anchor carrier.
[bookmark: _Toc462214494][bookmark: _Toc462904044][bookmark: _Toc462906244][bookmark: _Toc462957391][bookmark: _Toc463008513][bookmark: _Toc463008559][bookmark: _Toc463009116][bookmark: _Toc463009183]The NPRACH resource selection is a two-step process where the UE first determines the set of NPRACH resources for the CE level the UE is currently in, and then randomly selects an NPRACH resource from within this set.
The random selection can be based on either a random draw or on UE identity (IMSI/S-TMSI). Random draw is simple from a specification point of view but has the drawback that it is non-deterministic which makes testing slightly harder. In order to verify a UE implementation and ensure the random selection follows the specified distribution we would have to rely on statistical analysis. 
Random selection based on IMSI on the other hand is easy to test but has the drawback that the UE will always select the same NPRACH resource. Since many UEs may select the same NPRACH resource there is risk that an NPRACH resource is repeatedly overloaded. Overload can occur also for random draw but in that case the overload would be temporary since the UEs will not select the same NPRACH resource in their next attempt. The problem can be partially alleviated by using S-TMSI instead of IMSI as this would cause the NPRACH to be updated at least when S-TMSI is re-allocated. One could also consider adding some additional input to the selection algorithm which constantly changes, like time [3] or a counter, but that would be a relatively larger change.
We prefer to use random draw since it is simpler and more robust.
[bookmark: _Toc462214495][bookmark: _Toc462904045][bookmark: _Toc462906245][bookmark: _Toc462957392][bookmark: _Toc463008514][bookmark: _Toc463008560][bookmark: _Toc463009117][bookmark: _Toc463009184]The NPRACH resource is randomly selected using random draw.
Regardless if the random selection is based on random draw or UE identity, some form of load balancing should be supported. There are several reasons for this. First, since Rel-13 UEs will only transmit NPRACH on the anchor carrier, the anchor carrier will be relatively more loaded than the non-anchor carriers if the Rel-14 UEs are evenly distributed among the anchor and non-anchor carriers. To avoid this, a relatively smaller fraction of the Rel-14 UEs should select the anchor NPRACH resource. Second, different carriers can have different NPRACH configurations and hence different capacity (e.g., more preambles or shorter repetition period). By assigning a larger fraction of the UEs to the carrier with relatively more capacity and vice versa, we can ensure an equal collision rate across carriers, as explained in [4]. Finally, the DL carrier associated with an NPRACH resource can have different output power and/or different amounts of available DL subframes which should also be taken into account in the UE distribution.
We prefer a general load balancing mechanism where different probabilities can be assigned to the NPRACH resources. This can be accomplished both when the random selection is based on random draw and UE identity, but is simpler when random draw is used.  This is yet another reason why random draw is preferred over UE identity
[bookmark: _Toc462214496][bookmark: _Toc462904046][bookmark: _Toc462906246][bookmark: _Toc462957393][bookmark: _Toc463008515][bookmark: _Toc463008561][bookmark: _Toc463009118][bookmark: _Toc463009185]Different selection probabilities can be assigned to the NPRACH resources on a given CE level.
We also need to consider how Msg1 re-attempts should be handled when multiple carriers with configured NPRACH resources exists in a cell. Two thresholds are configured for the random access procedure in NB-IoT Rel-13: maxNumPreambleAttemptCE and preambleTransMax-CE. The first parameter is the number of preamble transmission attempts until the UE moves to the next CE level and is configured per NPRACH resource. The second parameter is the total number of preamble transmission attempts and is a common parameter. Since a carrier might be congested or suffer from interference it is beneficial if the UE re-selects carrier between preamble transmission attempts. In this way the interference and congestion will be averaged out. Ideally, the carrier should be re-selected at every attempt, but if this is problematic for some reason (e.g. due to frequency re-tuning) it can also be done more seldom. Note that the carrier is always re-selected when the UE moves to the next CE level (i.e. after maxNumPreambleAttemptCE attempts), the question here is if the carrier should also be re-selected between attempts at the same CE level. 
[bookmark: _Toc462214497][bookmark: _Toc462904047][bookmark: _Toc462906247][bookmark: _Toc463008516][bookmark: _Toc463008562][bookmark: _Toc462957394][bookmark: _Toc463009119][bookmark: _Toc463009186]The NPRACH resource is re-selected after every X preamble transmission attempts, where 1 ≤ X ≤ maxNumPreambleAttemptCE. RAN2 should agree on the value X. 
Differences between idle and connected mode
In our view we should aim to have a common behaviour in idle mode and connected mode. There are two cases (in rel-13) when random access is performed in connected mode:

· The UE has pending UL data and performs random access (SR) to request uplink resource; or
· The eNB has pending DL data and issues a PDCCH order to trigger the UE to perform random access before the DL data is transmitted

The NPRACH resource should be selected in the same way as in idle mode except in the second case if the NPRACH resource is explicitly indicated in the PDCCH order.  As far as we understood the only argument for selecting the carrier in a different way (e.g. using the current UL carrier) is to avoid carrier re-tuning. In our view the cost of the frequency re-tuning should be fairly small, especially considering that random access is a relatively infrequent operation.

[bookmark: _Toc462214498][bookmark: _Toc462904048][bookmark: _Toc462906248][bookmark: _Toc462957395][bookmark: _Toc463008517][bookmark: _Toc463008563][bookmark: _Toc463009120][bookmark: _Toc463009187]The NPRACH resource is selected in the same way in connected and idle mode except in the case when the NPRACH resource is explicitly indicated in a PDCCH order. 
After the random access procedure is completed the UE should return to the previously used UL/DL carrier configuration, just as in Rel-13.

[bookmark: _Toc462904049][bookmark: _Toc462906249][bookmark: _Toc462957396][bookmark: _Toc463008518][bookmark: _Toc463008564][bookmark: _Toc463009121][bookmark: _Toc463009188]A connected mode UE returns to the previously used UL/DL carrier configuration after the random access procedure is completed, i.e. same as in Rel-13.

Conclusion
In this contribution we discussed NPRACH transmission on non-anchor carriers. In section 2 we made the following proposals:
[bookmark: _GoBack]Proposal 1	Each non-anchor carrier NPRACH resource contains a reference to its associated non-anchor UL carrier (used for RA msg1 and RA msg3).
Proposal 2	Each non-anchor carrier NPRACH resource contains a reference to its associated anchor/non-anchor DL carrier (used for RA msg2 and RA msg4).
Proposal 3	We keep the existing (up to three) CE levels, i.e. we do not define additional CE levels for non-anchor NPRACH resources.
Proposal 4	Delta configuration of an NPRACH resource (including the associated CSS_RA) is supported where only the parameters that differ from the corresponding anchor carrier NPRACH resource (i.e. the NPRACH resource configured on the anchor carrier for the same CE level) are signalled. If a parameter is absent the anchor carrier configuration is used.
Proposal 5	The UE determines its CE level by measuring RSRP on the anchor carrier.
Proposal 6	The NPRACH resource selection is a two-step process where the UE first determines the set of NPRACH resources for the CE level the UE is currently in, and then randomly selects an NPRACH resource from within this set.
Proposal 7	The NPRACH resource is randomly selected using random draw.
Proposal 8	Different selection probabilities can be assigned to the NPRACH resources on a given CE level.
Proposal 9	The NPRACH resource is re-selected after every X preamble transmission attempts, where 1 ≤ X ≤ maxNumPreambleAttemptCE. RAN2 should agree on the value X.
Proposal 10	The NPRACH resource is selected in the same way in connected and idle mode except in the case when the NPRACH resource is explicitly indicated in a PDCCH order.
Proposal 11	A connected mode UE returns to the previously used UL/DL carrier configuration after the random access procedure is completed, i.e. same as in Rel-13.
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