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1.
Introduction
RAN2#85 endorsed a release 9 CR [1] to introduce signalling for the UE to inform the network that it supports a new or modified NS value definition. RAN2 intends to send the final CRs (Rel-9 and its shadows) to plenary once RAN4 has agreed their corresponding CRs to TS36.101.

This contribution describes a remaining issue related to the CR and discusses where further changes to the RAN2 specification may be required.
2
Existing signalling of NS values to UE
According to TS 36.331, the NS value to be used by the UE is sent using the AdditionalSpectrumEmission which can be included in a number of locations within the signalling:

-
SIB2 (and included once per band in the case of multiple frequency band indicators) - the NS value in SIB2 is applied when UE is using RACH for RRC connection establishment or re-establishment, and then applied in serving cell until a handover occurs.

-
MobilityControlInfo - this enables the network to provide an NS value to the UE to be applied in the new cell after handover.

-
PhysicalConfigDedicated (included as additionalSpectrumEmissionPCell) and RadioResourceConfigCommonSCell - these enable to provide NS values to use when carrier aggregation is configured. 
It is observed that the original release 8/10 signalling was designed on the assumption that the NS value is a 'per cell' value that is based on the operating band of the cell and the bandwidth of the cell. There is a broadcast value in SIB2 which is used by the UE while it remains in that cell, and a value is provided to the UE at handover (in MobilityControlInfo) to be used by the UE in the new cell. There was never any intention to have 'per UE' configuration.
3
Discussion

The CRs endorsed at RAN2#85 make it possible for UEs to support modified and/or new definitions of NS values in a release independent way (e.g. it will be possible for a pre-release 12 UE to signal support for a modified/new NS values that are first defined in release 12). 

Our understanding from RAN4 is that when a UE supports a modified NS value it only ever operates according to that modified behaviour (even if it is operating in a legacy network deployment which is not aware about that modified behaviour). Although it’s an eNB implementation issue how to handle UEs based on the knowledge of which new/modified NS values are supported, it is understood that at least the following are possible:
-
If the eNB knows the UE does not support a certain modified/new NS value then it can use scheduling or RRM strategies (e.g. inter-freq handover, not scheduling UE near the edge of the carrier) in order to avoid any negative consequences due to this UE.

-
If network knows the UE supports a modified NS value then it can perform scheduling/handover without the restrictions mentioned above.

-
If network knows the UE supports a new NS value then configure the UE with that NS value (via dedicated signalling) and can perform scheduling/handover without the restrictions mentioned above.

However, based on discussions so far, it is not clear what broadcast NS values can be used in SIB2. Currently there is no behaviour defined when a UE receives a broadcast NS value that it does not understand, or when the UE receives an NS value that it does understand but it is being used in a scenario (i.e. the band and bandwidth) where it is not expected. An example of the latter could be the case where an NS value is defined for a given band and for certain carrier bandwidths, but the UE receives that NS value in cell with a different band/bandwidth combination. Given that there is no defined behaviour for the legacy UEs, it is desirable that networks avoid this undefined behaviour by setting the NS value in SIB2 in accordance with the original NS values definitions for that band (note that this might mean that the eNB has to set NS value 1 which is understood by all UEs and means 'no additional requirements'), for example because the NS value not originally defined for use with the current cell's bandwidth.
Proposal 1: RAN2 agrees that broadcast NS value in SIB 2 is always set in accordance with the original NS value definitions for that band.
Proposal 1a: RAN2 to discuss where such agreement should be captured.
A consequence of the above proposal is that once eNB learn about the new and/or modified NS value definitions that the UE supports then it be desirable to be able to configure the connected mode UE with an appropriate NS value. Currently this can only be done using MobilityControlInfo and hence the new/modified NS value can only be taken into use at the next handover which, depending on the mobility of the UE, could be sometime. There are a number of ways in which this situation could be addressed - some of which are network implementation while other would require specification changes.
1
The eNB takes no special action in order to apply the new/modified NS value before a mobility triggered handover. The eNB would treat the UE as a non-supporting UE (e.g. by appropriate scheduling) before the handover occurs. This is a clearly a possible network implementation but may be sub-optimal as the UE is treated as a legacy UE for longer than necessary.
2
The eNB performs an intra-cell handover soon after security and the user plane are established in order to make the UE start using the new/modified NS value. This is also a network implementation that is possible without specification changes but the intra-cell handover after the UE enters connected mode may not be seen as desirable

3
Add a new broadcast NS value into system information (e.g. a new AdditionalSpectrumEmission2 in SIB2). If this new IE is present then it will be used by UEs that supports any new/modified NS value, while the original NS value would be used by the legacy UEs. This would enable an operator to set the original broadcast NS in a way that does not cause undefined behaviour for legacy UEs, while setting the new IE to the new/modified NS value. The new UEs would then apply the new/modified NS value when performing the RRC Connection Establishment procedure.


In addition to adding the new IE, it will be necessary to clearly specify UE behaviour when this new IE indicates an NS value  that is not understood by the UE, or an NS value that is understood but it is being used in a scenario where it is not expected. In the case the desired behaviour would be to ignore the new IE and behave according to the original AdditionalSpectrumEmission IE in SIB2. This will allow new/modified NS values to be defined in future without a recurrence of the backward compatibility issues discussed here.
Proposal 2: RAN2 to discuss and decide on a solution from the alternatives described. If alternative 3 is selected then RAN2 should decide from which release this is to be specified.
4
Conclusions

This contribution identified and discussed a remaining issue with the CR [1] endorsed at RAN2#85. The following proposals were made:

Proposal 1: RAN2 agrees that broadcast NS value in SIB 2 is always set in accordance with the original NS value definitions for that band.
Proposal 1a: RAN2 to discuss where such agreement should be captured.
Proposal 2: RAN2 to discuss and decide on a solution from the four alternatives described. If alternative 3 is selected then RAN2 should decide from which release this is to be specified.

Finally, RAN2 should liaise with RAN4 to inform them of the outcome of this discussion. 
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