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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 NR FR1 TDD bands.
The first request for DSS in the NR TDD bands came for band 41/n41 frequency range, for which the corresponding WI was agreed and completed [1]. The 3GPP band n41 was followed by WIs enabling DSS for other TDD bands: n48 [2], n38 [3], and n40 [4]. After RAN#92 meeting, a new WI was agreed to enable UL 7.5kHz shift for DSS in band 34/n34 and 39/n39 frequency ranges [5].
As discussed before, there is no formal way to enabling UL 7.5kHz shift for bands that belong to the closed releases, and several different approaches were followed in the past.  In this discussion paper we elaborate further on how we can enable UL 7.5kHz shift for NR FR1 TDD bands n34 and n39. 


2	UL shift for band n34 and n39 
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 NR system information to indicate UL 7.5kHz channel raster shift. However, as per baseline Rel-15, this parameter is mandatory only for the FDD and SUL bands. 
As discussed in the past, there are several approaches on how it is possible to enable UL 7.5kHz shift for a particular TDD band:
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 the release when the band was introduced. This approach can be viewed as the "cleanest" in terms of the specification clarity. Indeed, by making the corresponding changes straight to the release when the corresponding band was added, we could ensure that the UL shift functionality will not be missed by UE implementations. However, this is true if we assume that there are no UEs in the market or in the development process. So, the main drawback of this solution is that by mandating UL shift functionality for the closed release, we will introduce a non-backward compatible change for the UEs that have entered the market or been already entering it. These UEs are compliant with the existing versions of specifications that do not mandate UL shift support, but they will become non-compliant if specifications are revised to mandate UL shift.
c)	Mandate UL shift starting from Rel-X and enable UL shift in earlier releases only to new UEs. This solution is very similar to the previous one, with the only difference that UL shift is mandated starting from the open or the next release. As for the earlier releases, the corresponding NOTE or a clarification is added to the specifications indicating UL shift applicability. And even though the difference between approaches b) and c) can be viewed as rather marginal, 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.

Based on the presented considerations, suggest following option c), i.e. we keep UL 7.5kHz shift as optional for Rel-15 and mandate it only starting from the later release. This approach, of course, does not prevent UEs in earlier releases from supporting UL 7.5kHz shift.     
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It is worth noting that the same approach was adopted for the DSS in Rel-15 TDD band n38. Annex A and B provide pseudo CRs exemplifying changes are needed to introduce UL shift for the TDD band n34 and n39 as an optional (in Rel-15) and a mandatory (in Rel-17) capability.

3	Conclusions
In this discussion paper we have presented our considerations on how it is possible to enable the UL 7.5kHz shift for the NR TDD bands n34 and n39. 

Proposal 1:	UL 7.5kHz shift is kept optional in Rel-15 for TDD bands n34 and n39 (not preventing Rel-15 UEs from implementing and supporting it).
Proposal 2:	UL shift is mandatory for TDD bands n34 and n39 in later releases.
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Annex A: Pseudo CR for Rel-15 TS 38.101-1
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The global frequency channel raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements.
The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.
RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range (0…2016666) on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666



The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.
For SUL bands, for the uplink of all FDD bands defined in Table 5.2-1, and for TDD band n34, n38, and n39
FREF, shift = FREF + Δshift, Δshift = 0 kHz or 7.5 kHz.
where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [7]. For band n34, n38, n39 FREF, shift is only applicable to uplink transmissions using a 15 kHz SCS.
NOTE:	A UE operating n34, n38, n39 should support application of FREF, shift for UL transmissions. A UE that does not support it will be unable to communicate with a network that signals Δshift = 7.5 kHz.
The mapping between the channel raster and corresponding resource element is given in Clause 5.4.2.2. The applicable entries for each operating band are defined in Clause 5.4.2.3



Annex B: Pseudo CR for Rel-17 TS 38.101-1
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The global frequency channel raster defines a set of RF reference frequencies FREF. The RF reference frequency is used in signalling to identify the position of RF channels, SS blocks and other elements.
The global frequency raster is defined for all frequencies from 0 to 100 GHz. The granularity of the global frequency raster is ΔFGlobal.
RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range (0…2016666) on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Frequency range (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666



The channel raster defines a subset of RF reference frequencies that can be used to identify the RF channel position in the uplink and downlink. The RF reference frequency for an RF channel maps to a resource element on the carrier. For each operating band, a subset of frequencies from the global frequency raster are applicable for that band and forms a channel raster with a granularity ΔFRaster, which may be equal to or larger than ΔFGlobal.
For SUL bands except n95, for the uplink of all FDD bands defined in Table 5.2-1, and for TDD bands n34, n39, n48, n90 and n38,
FREF, shift = FREF + Δshift, Δshift = 0 kHz or 7.5 kHz.
where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [7]. For Band n48, FREF, shift is only applicable to uplink transmissions using a 15 kHz SCS. For Band n34, n38, and n39, FREF, shift is only applicable to uplink transmissions using a 15 kHz SCS.
The mapping between the channel raster and corresponding resource element is given in Clause 5.4.2.2. The applicable entries for each operating band are defined in Clause 5.4.2.3
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