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1	Introduction 
Dynamic spectrum sharing is an important feature that allows for sharing existing spectrum between the LTE and NR carriers, thus enabling smoother transition from LTE and faster adoption of NR.  Among prerequisites for running LTE and NR within the same frequency channel, either FDD or TDD, an operator has to ensure that both LTE and NR sub-carrier grids are aligned. And for that, the corresponding "UL channel raster shift" higher layer parameter was introduced already in Rel-15. However, while a UE has to act upon that parameter signalled for the FDD and SUL bands, its support is not mandatory by default for the TDD bands.
The aforementioned problem with DSS and NR TDD bands was realised when DSS for band 41/n41 frequency range was instantiated [1], outcome of which was introduction of a new band n90 to enable UL shift. That time the issue with DSS and NR TDD bands was raised [2], in which it was elaborated further on consequences of having UL channel raster shift as an optional parameter for the TDD bands. It was suggested making it mandatory, but the proposal was not agreed. The n41 band was followed by WIs enabling DSS for other TDD bands: n48 [3], n38 [4], and n40 [5]. However, as discussed during the RAN4#96 meeting, it is not entirely clear how 3GPP should proceed with enforcing mandatory UL shift for earlier releases of those bands. On the one hand, introduction of a new band, similar to what 3GPP did with n41/n90, should be avoided; on the other hand, changing closed Rel-15 bands can create non-compliancy issues with UEs that have been entering the market and will enter it soon.  
In this discussion paper we elaborate further on a common way of handling UL channel shift for NR TDD bands and how to introduce this functionality to earlier releases. 

2	UL channel raster shift for TDD bands 
As already mentioned in the Introduction part, one of the prerequisites for dynamic spectrum sharing between the LTE and NR carriers is the system ability to align sub-carrier grids of the LTE and NR systems. To achieve it, the corresponding higher layer parameter was added to the system information to indicate UL channel raster shift. However, as per baseline Rel-15, this parameter is mandatory only for the FDD and SUL bands. In other words, a UE camped on a TDD band is not even anticipated to act on the corresponding parameter if it is signalled by the network. 
Observation 1:	As per Rel-15, UL channel raster shift is not a mandatory UE parameter for the NR TDD bands.   
The problem was firstly identified for band 41/n41 LTE/NR spectrum sharing WI [1], and RAN WG4 agreed to introduce a new band to circumvent around the fact that the UL channel raster shift is not a mandatory parameter for the NR TDD band n41. As the outcome of that discussion, a new band n90 was introduced which is effectively the same band as n41, but the network deploying LTE and NR on the same carrier will use band n90 to prevent legacy terminals from camping on that carrier. In turn, a UE supporting band n90 has to support UL shift.  
Observation 2:	To enable UL shift for the Rel-15 NR band n41, a new band n90 was introduced.
After RAN#84 meeting, another re-farmed LTE TDD band 48 was added to NR, which was followed by the corresponding WI to enable DSS in that frequency range. However, since band n48 is a Rel-16 band, it was concluded that the corresponding changes can be introduced for that band because no commercial devices were anticipated that time, i.e. a new band was not created.
Observation 2:	To enable UL shift for the Rel-16 NR band n48, the corresponding changes are introduced into the band n48 because no commercial devices were anticipated when the WI was agreed. 
After the RAN#88 meeting, two more WIs were approved that aim at enabling the DSS functionality for Rel-15 NR TDD bands n38 and n40. And as extensively discussed during the RAN4#96 meeting, it is not entirely clear what would be the best approach to enable the mandatory UL channel raster shift functionality for earlier releases, i.e. Rel-15. The following solutions can be considered:
a)	Introduce a new band. This approach was taken for the Rel-15 band n41/n90 and can be regarded as the "safest" approach because legacy UEs, not supporting UL shift, will not camp on a new band. However, our view is that this approach should be avoided because every time DSS is needed in a particular TDD band, a new band will have to be instantiated.
b)	Mandate UL shift starting from Rel-15. This approach was proposed by several proponents during the RAN4#96 discussion and was referred to as the "cleanest" in terms of the specification clarity. Indeed, by making the corresponding changes straight to Rel-15, theoretically we could ensure that the UL shift functionality will not be missed by UE implementations assuming that there are no UEs in the market or in the development process. However, the main drawback of this solution is that by mandating UL shift functionality for the closed Rel-15 release, we will introduce a non-backward compatible change for the UEs that have been already entering the market or will enter it soon. These UEs are compliant with the existing versions of the Rel-15 specification that do not mandate UL shift support, but they will become non-compliant if the Rel-15 specifications are revised to mandate UL shift.
c)	Mandate UL shift starting from, e.g., Rel-16 and enable UL shift in Rel-15 through the release independent statement. This solution is very similar to the previous one, with the only difference that UL shift is mandated starting from e.g. Rel-16. As for Rel-15, the corresponding NOTE or a clarification is added into the Rel-15 specification. And even though the difference between approaches b) and c) was not discernible for some companies, this approach can be viewed as the most "compliant" one because we will not taint existing UEs with the mandatory functionality that they will not support. At the same time, new UEs will support UL shift.
[bookmark: _GoBack]Based on the presented considerations, we ask TSG RAN to discuss and agree the most suitable approach for enabling DSS in earlier releases of NR TDD bands. Furthermore, we suggest applying this approach to all NR TDD bands to ease the DSS related discussions in the future because it is difficult, or even impossible, to predict now which bands will be re-farmed to NR and in which bands an operator will decide to run DSS. As an example, already now the DSS can be considered in the following NR TDD bands 53/n53, 46/n46, 42..43/n77, for which however no DSS related WIs were approved.    
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3	Conclusions
In this discussion paper we have presented our considerations regarding the dynamic spectrum sharing feature and its applicability to the NR TDD bands. As more and more TDD bands are re-farmed from LTE to NR and more operators are interested in running DSS, it is crucial to ensure that 3GPP has a common and a consistent way of handling DSS with NR TDD bands.

Proposal 1:	We ask TSG RAN to agree the common approach for enabling DSS in NR TDD bands in earlier releases.
Proposal 2:	The agreed approach is applied to all NR TDD bands.
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