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1
Introduction
For the past 18 months, ever since DSS was proposed for B41/n41, RAN4 has been discussing issues related to supporting DSS in TDD bands. One of the biggest problems is the is that the 7.5 kHz uplink shift was not required for TDD bands. In 38.331 the behavior is not specified for the case when a UE receives frequencyShift7p5khz=true in the SIB of a TDD band if the UE does not support the 7.5 kHz UL shift for that band. If the UE transmits without the UL shift when the UL shift is required for DSS, then the UE’s transmissions will not be properly received and will result in interference on the uplink. This contribution proposes a solution to the problem with legacy UEs that do not support the 7.5 kHz UL shift. 

2
Discussion
When DSS was proposed for B41/n41 there were a few issues that needed to be solved. One was that LTE uses a 100 kHz raster where NR uses a 15 kHz raster. The other issue is that NR bands initially did not support the 7.5 kHz uplink shift that is required to align LTE and NR subcarriers. While there were solutions to the raster issue, RAN4 was unable to come up with a solution for the lack of support for the 7.5 kHz uplink shift in legacy n41 UEs. In order to avoid potential problems where a legacy UE would attempt to transmit on the uplink without the 7.5 kHz shift when the network required the shift for DSS, RAN4 decided that a new band, n90, needed to be created where support for the 7.5 kHz UL shift would be mandatory.

Now, unsurprisingly, support for DSS has been proposed for additional TDD bands including n38, n40 and n48. The discussions in RAN4 seem to have concluded that making the 7.5 kHz uplink mandatory for n48 is not a problem because there are no legacy n48 UEs.  However, during the RAN4#96-e at least one company said that they know of legacy n38 UEs. So, a solution is needed for how to support the 7.5 kHz uplink shift in these TDD bands where legacy UEs exist to prevent them from attempting to transmit without the uplink shift and causing interference in the uplink.

While it would be possible to define new bands where the 7.5 kHz uplink shift is mandatory as was done with n90, this option is undesirable because it could potentially fragment the ecosystem and complicate the specs.  

We believe that it should be possible to use network signalling to prevent legacy UEs that do not support the 7.5 kHz UL shift from attempting to transmit on the uplink and causing interference. It is well defined in 38.331 that if a UE does not support any of the NS or “additionalSpectrumEmission” values that it receives in the SIB, that the EU shall consider the cell as barred. 
So, we could take advantage of NS signalling as a mechanism to bar legacy UEs that do not support the 7.5 kHz uplink shift on a TDD band from accessing the uplink. We could define new NS values with the same additional emission requirements as the existing NS values, with the exception that they would only be used when the 7.5 kHz uplink shift is used on the uplink. We could make support to the 7.5 kHz uplink shift optional in Rel-15 and mandatory from Rel-16 onwards. 
For example, NS_01 and NS_44 are currently defined for n38. In order to prevent legacy n38 UEs from accessing the network without the 7.5 kHz uplink shift when the uplink shift is required, RAN4 could define new NS values. For example, NS_XX could be defined as functionally equivalent to NS_01 and NS_YY as functionally equivalent to NS_04 except that they would only be used when the 7.5 kHz uplink shift is needed. If a new UE receives NS_XX and frequencyShift7p5khz=true the UE would transmit on the uplink with the equivalent of NS_01 requirements and the 7.5 kHz uplink shift. If a new UE received NS_YY and frequencyShift7p5khz=true the UE would transmit on the uplink with the equivalent of NS_44 requirements and the 7.5 kHz uplink shift. If a legacy UE received only NS_XX and/or NS_YY in the SIB it shall consider the cell as barred.  This approach requires no change to the legacy UEs and solves the problem of unpredictable and potentially undesirable behavior. 
Proposal 1: RAN Plenary to request that RAN4 consider that for legacy TDD bands where DSS operation has been requested and legacy UEs exist that RAN4 should create new NS values to be used when the 7.5 kHz uplink shift is used in a cell, so that legacy UEs that do not support the new NS values will consider the cell as barred. 
Proposal 2: RAN4 should have the discretion on a band by band basis for which releases the UL shift should be optional for and which releases it should be mandatory. 
3
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