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1. Introduction

RAN2 has sent an LS regarding new or modified NS values in system information broadcast [1]. Particularly, RAN2 is interested in the behaviour of legacy UEs, when such UE receives an unexpected NS value for the operating band and cell’s channel bandwidth:

RAN2 has discussed potential consequences of certain modifications to the definitions of NS values, such as a modification to add a new bandwidth to the definition of an existing NS value. RAN2 is aware that RAN4 have been considering such modifications. If the network broadcasts this NS value from a cell with this bandwidth, then legacy UEs (i.e. those UEs introduced prior to the addition of this bandwidth to the NS value definition) will not expect to receive this NS value from this cell. RAN2's understanding is that there is no defined UE behaviour in this situation. 
RAN4 should discuss the different scenarios, where an existing NS value is modified or a new NS value is added to an operating band, and decide what should be the UE behaviour in these scenarios.
2. Discussion
The LS states, that RAN2 has discussed how to avoid undefined legacy UE behaviour in scenarios where a modified or new NS is broadcast by the cell:
RAN2 discussed that to avoid undefined UE behaviour the network could ensure that the NS value broadcast in system information is always set in accordance with the original NS value definitions for that band. A consequence is that the network may need to use NS value 1 if that is the only NS value that is valid for the current cell bandwidth.

It is also our understanding, that legacy UE behaviour cannot be changed, and to avoid undefined UE behaviour, the solution of RAN2 seems necessary. With this principle in mind, the UE behaviour is discussed in the following scenarios.
2.1 Scenarios and UE behaviour

2.1.1 NS value modified to add a new channel bandwidth

In this scenario, the network uses a channel bandwidth, which was defined after the first release of the operating band in question. The original definition uses NS_x but this lacks the new channel bandwidth; the modified NS_x definition in a later release includes the new channel bandwidth.

To guarantee defined behaviour of legacy UEs, the base station should broadcast NS_01, because the original NS_x does not include A-MPR for the new channel bandwidth. This means, that NS_x should be broadcast in a new field in SIB, which must be made readable by UEs that support modified NS values. 
Different UEs should use the following A-MPR:
· Legacy UEs use no A-MPR, since they read NS_01 from the SIB.

· New UEs should be able to read NS_x and support the new A-MPR definition, and therefore use that.

· Some UEs may be able to read and understand NS_x, but do not support the new A-MPR definition. These UEs should behave according to NS_01 (which they support), and therefore use no A-MPR.

2.1.2 NS value modified to change A-MPR for existing bandwidths

In this scenario, the A-MPR related to an NS value has been modified after the first release of the operating band in question. NS_x is used to signal the additional emission mask.
Different UEs should use the following A-MPR:

· Legacy UEs that support the operating band use A-MPR according to the original NS_x definition, since they do not support the modified A-MPR table.

· New UEs support the modified A-MPR definition, and therefore use that.
2.1.3 New NS added to an existing operating band

In this scenario, a new NS value, NS_x, is added to an operating band after the first release of the band in question. The original band definition can have any number of NS values defined, but the new NS_x is different from these old NS values.
To guarantee defined behaviour of legacy UEs, the base station should broadcast NS_01 or one of the band’s original NS values, because the legacy UEs do not understand NS_x. This means, that NS_x should be broadcast in a new field in SIB, which must be made readable by UEs that support new NS values.

Different UEs should use the following A-MPR:

· Legacy UEs use A-MPR according to the broadcast “original” NS value, because that is the only NS value they are able to read from SIB.

· New UEs should be able to read NS_x and support the new A-MPR definition, and therefore use that.

· Some UEs may be able to read and understand NS_x, but do not support the new A-MPR definition. These UEs should behave like legacy UEs.

2.1.4 Existing NS (from another band) added to an existing operating band

For legacy UEs, this scenario is the same as 2.1.3. Because the NS value from another operating band isn’t expected, behaviour is not defined. The base station should broadcast NS_01 or one of the band’s “original” NS values, and the NS “transferred” from another band should be broadcast in a new field in SIB.
2.2 UE signalling to eNB
In any of the scenarios discussed above, the eNB does not know which A-MPR the UE uses, apart from implicitly from the Release that the UE conforms to. The UE->eNB signalling about NS versioning should be used to inform the eNB about the exact A-MPR profile that the UE selects.

If the UE does not signal anything to the eNB, the eNB will assume the UE uses the NS value that is broadcast to legacy UEs. If the UE selects the NS value that is broadcast in a new field in the SIB, then it should also signal about this to the eNB. The same principle applies to modified NS values, i.e. if the UE does not signal anything, the eNB must assume the UE uses the original A-MPR definition. For those UEs, which do not signal the new NS capability, the eNB scheduler should only allocate such resource blocks that need no A-MPR, to avoid exceeding UE’s emission mask.
2.3 Questions in the RAN2 LS
The RAN2 LS has three questions:
1) Does RAN4 have an expectation about the UE behaviour if the UE does not comprehend the NS value broadcast in system information for the current cell band and bandwidth?

As discussed above, we understand the behaviour is not defined, and therefore the situation should be avoided.
2) Does RAN4 have a view whether it would be desirable for the network to be able to provide an NS value in system information that can be used by new UEs that understand the meaning of the NS value for the current cell and bandwidth?

It is our understanding that such scenarios are likely, and if necessary modifications to broadcast system information can be made as soon as possible, potential problems can be minimized.
3) Does RAN4 have a view whether changes to NS value definitions according to cases a) and b) above are possible or likely in the future?

These cases refer to scenarios 2.1.3 and 2.1.4, above. In our understanding at least case a) is likely in the future.

It should be up to RAN2 to decide how the system information could be modified so that the network could be able to provide an NS value to be read by new UEs, while maintaining backward compatibility with legacy UEs.
3. Conclusion

In this contribution we have discussed a possible response to RAN 2 LS on NS values in system information broadcast [1]
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