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1	Introduction 
There were recently some discussions in RAN4 on UL 7.5kHz shifting especially on whether UE is mandatory to support it on NR TDD spectrums for dynamic spectrum sharing. RAN4 LS [1] proposes that RAN4 understanding is if a UE does not support UL 7.5kHz shift for the given network configuration, the UE should avoid camping on this cell and consider this cell as barred.
This contribution discusses about several issues, covering how to enable the cell barring for UE not supporting UL 7.5kHz shift, potential UE capability and the starting release to introduce this feature. Note that the deployment scenario needs to consider comprises of not only a ubiquitous deployment on TDD bands with operation of LTE and NR dynamic spectrum sharing with UL shift, but also a mixed deployment with part of the cells operating with UL shift and the other part not. Besides, NW may decide to re-deploy an existing carrier to switch from normal operation to operate with LTE band with DSS using UL shift.
2   Background on DSS
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 mandatory for all FDD and SUL bands, but not for TDD bands.   
The problem was firstly identified for band 41/n41 LTE/NR spectrum sharing 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 3: 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. As discussed during the RAN4#96 meeting, even though bands n38 and n40 are Rel-15 bands it is not beneficial to introduce a new band number similar to what was done for band n41. Instead, band n38 CRs introduced UL shift as a mandatory parameter from Rel-16, while Rel-15 CR has a special NOTE acknowledging the fact that there can be commercial UEs not support it. As for band n40, the CRs introduced UL shift as a mandatory parameter from Rel-17, effectively meaning that there could be Rel-15/16 devices not supporting UL shift for that TDD band.
Observation 4: To enable UL shift for the Rel-15 NR band n38, the corresponding CRs were agreed starting from Rel-15 with a special NOTE in Rel-15 that there can be legacy UEs not supporting it.

Observation 5: To enable UL shift for the Rel-15 NR band n40, the corresponding CRs were agreed starting from Rel-17. 
3   Discussion 
3.1 Discussion on cell barring
In order to achieve the desirable purpose from RAN4, three potential ways are proposed in this contribution. 
Approach Alternative 1 – Using cell barring 
With this approach, the NW bars the cell and if the UE(s) support the DSS operation with UL shift on this band will not consider this cell barred if the NW indicates the configuration of DSS with UL shift. In other words, if the cell is barred for access (cellBarred in MIB = barred), but the NW broadcasts that it configures DSS with UL shift (frequencyShift7p5khz in SIB1 = true), all the UE(s) which support the DSS with UL shift consider the cell as not barred and continue with accessing on the cell. All the legacy UE(s) which do not support the newly introduced DSS with UL shift, will continue to consider this cell is barred and will not to connect to this cell. 
One may see a side effect from this solution that if a DSS NW which supports UL shift wants to truly bar the cell, it cannot prevent the DSS/UL shift capable UE from accessing the cell. In order to do that, we propose that the NW should bar the cell (cellBarred in MIB = barred) and also not broadcast its configuration on DSS/UL shift (frequencyShift7p5khz in SIB1 = false).
Note that this approach is similar to the solution RAN2 introduced for LTE NW CRS interference mitigation.
Approach Alternative 2 – Introducing new field for DSS with UL shift
The NW bars the cell, but in SIB1, provides an additional ‘new’ field which says whether the UEs which support DSS with UL 7.5kHz shift are allowed to camp or not. If the cell is barred, but the new field says the UEs are allowed to camp if the UEs support DSS with UL 7.5kHz shift, the corresponding UEs access the cell. If the cell is barred, and the new field says the UEs are NOT allowed to camp if the UEs support DSS with UL 7.5kHz shift, the cell is considered to be truly barred. The advantage of this option is to allow the flexibility at the network to not modify any existing field (frequencyShift7p5khz), but only change the new field along with cell barring. 
In this approach, the NW sets cellBarred to ‘barred’ and keeps the value of frequencyShift7p5khz the same, but a new field is added in broadcast (for eg in SIB1) that says whether the UEs which support UL-shfting with DSS are allowed to camp or if they are barred as well.
This way, the initial BWP configuration which carriers frequencyShift7p5khz, is not changed. 
Approach Alternative 3 – UE bars the cell if not supporting UL shift
Following the procedure of cell barring check, this approach is to ask UE to check whether the UL 7.5kHz shift is configured and if UE does not support it, UE bars the cell. 
Comparison among Approaches
All the three approaches are feasible for Rel-16 UE, but we would like to highlight how the Rel-15 UE(s) which have not implemented the CR(s) are impacted. Assuming NW is operating DSS with UL 7.5kHz shift on a cell, with Approach 1, the Rel-15 UE supporting UL 7.5kHz shift is unfortunately barred. While with approach 2 and 3, the Rel-15 UE not supporting 7.5kHz shift do not bar the cell and would fail the RACH procedure.
	Rel-15 UE
	Approach 1
cellBarred in MIB = True
frequencyShift7p5khz in SIB1 = True
	Approach 2
cellBarred in MIB = True
New field for cell barring for DSS with UL shift = False
	Approach 3
cellBarred in MIB = False
UE checks the frequencyShift7p5khz configuration and bars the cell if UE does not support it

	NOT supporting UL 7.5kHz shift & NOT implementing the CR
	Bar the cell
	Bar the cell
	Not bar the cell
RACH procedure fails

	Supporting UL 7.5kHz shift & NOT implementing the CR
	Bar the cell
	Bar the cell
	Access the cell


To our understanding, when a new feature is introduced and if UE is in the interest to support it, UE should better implement the whole CR package from all working groups. That is to say, in our opinion, those Rel-15 UE(s) supporting UL 7.5kHz shift should do software update according to the RAN2 CR whichever to be agreed. On the other hand, the amount of legacy UE not supporting UL 7.5kHz shift is considered numerous, and we should not force those UE(s) to implement this CR.
In short, our preference is Approach 1 or Approach 2, in order to assure legacy UE(s) not supporting UL 7.5kHz work properly.
Proposal 1: RAN2 to discuss which approach to adopt.
3.2 Discussion on UE capability
From the progress in RAN4 as explained in Section 2, the UE capability resolution on UL 7.5kHz is band dependent, i.e., not common to all TDD bands. In details,
- Band n38: UL shift is mandatory from Rel-15, with a special Note acknowledging the fact that there can be legacy Rel-15 UEs not supporting UL shift;
- Band n40: UL shift is mandatory from Rel-17 with the release independent statement effectively meaning that Rel-15/16 UE can have UL shift as optional;
- Band n48: UL shift is mandatory from Rel-16. Since this band is a Rel-16 band, a Rel-15 UE implementing this band shall also support UL shift;
- Other TDD bands: UL shift is optional.
Even though the capability has no use during initial access, we can run into cases where the UE goes into connected state on one band where UL 7.5kHz shift is not applicable (where DSS is not possible) and afterwards NW can handover the UE to the cell which operates on the band with UL shift is configured. In order to do that, NW has to know if the UE actually supports the UL 7.5kHz shift.
Another point to discuss is whether we need to introduce the UE capability per SCS. As the LS [1] indicates, in Rel-16, UE is mandatory to support UL 7.5kHz shift with 15kHz SCS, but UE is optional to support it with 30kHz SCS. While from the 38.104 CR(s) agreed in RAN plenary meetings [2][3][4], on the several TDD bands (n38/n40/n48), UL 7.5kHz shift is only applicable with 15kHz SCS. But it’s not clear to us whether 30kHz SCS would be applicable later with UL 7.5kHz SCS. If this is possible, we need to consider not only the handover case, but also the BWP switching procedure where UE might be switched to a 30kHz SCS BWP in the same cell.
To wrap up, we should better consult with RAN4 on whether a per SCS UE capability on UL 7.5kHz shift is required. In details, whether the understanding on 15kHz SCS above that UE is NOT mandatory to support 15kHz SCS with UL 7.5kHz shift on all TDD bands is the common understanding in RAN4 and whether RAN2 signalling needs to support UE capability on UL 7.5kHz shift with 30kHz SCS.
Proposal 2: Suggest to introduce per band UE capability on UL 7.5kHz shift for TDD bands, with necessary coordination with RAN4 on whether to make it SCS specific. And send an LS to RAN4 to coordinate the potential UE capability design.
3.3 Discussion on spec release(s) to change
In this section, we would like to discuss about the spec release to introduce such changes. Though the LS [1] indicates it should be from Rel-16, we feel an early implementation is very helpful. Thus, we prefer to introduce this as an early implementable feature to Rel-16 spec.
Proposal 3: Introduce this feature to Rel-16 spec(s) with early implementation allowed.
4	Conclusions
Based on the discussion above, we have the following proposals.
Proposal 1: RAN2 to discuss which approach to adopt.
Proposal 2: Suggest to introduce per band UE capability on UL 7.5kHz shift for TDD bands, with necessary coordination with RAN4 on whether to make it SCS specific. And send an LS to RAN4 to coordinate the potential UE capability design.
Proposal 3: Introduce this feature to Rel-16 spec(s) with early implementation allowed.
We provided the companion CR(s) in [5][6][7][8] and draft LS to RAN4 in [9].
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