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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN#86 meeting the WI on LTE/NR spectrum sharing in band 48/n48 was approved in [1] with the objectives listed as following.
The objective of this WI will be to add new requirements, if needed, for band n48 (only 30kHz SCS for NR) based on the conclusion of the following objectives: 
-	Channel raster: Confirm that NR channel raster can be aligned with LTE center frequencies [RAN4]; 
-	UL shift: Investigate whether the 7.5kHz sub-carrier shift has any impact on the needed guard between LTE and 30kHz SCS NR. Specify the shift only if there is a clear benefit [RAN4];
-	Sync raster: Check mechanisms to avoid overlapping transmissions between NR SSB and LTE CRS. Apply changes to ensure non overlap of NR SSB and LTE CRS if determined that solutions with existing specifications are insufficient [RAN4].
NOTE:	At least during RAN4#93, there was no vendor who declared deployment of devices in band n48. Thus, changes to band n48 will not cause any backward compatible changes.
In this document we discuss all the objectives under this WI with our proposals.
Discussions
Regarding the channel raster, NR carriers above 3 GHz cannot be grid-aligned with an LTE carrier that is put on an arbitrary 100 kHz (LTE raster point) without changing the GSCN, which affects all bands above 3 GHz. The GSCN raster must be repeated, tripled (like for bands below 3 GHz). Alignment can be made every 300 kHz, a multiple of both the LTE and NR raster, without any change of the specifications.
Proposal 1: Do not apply a 100kHz channel raster.
For the UL shift we don’t see the benefit of having such 7.5kHz sub-carrier shift when the scope is limited with TDD 30kHz sub-carrier spacing. With 7.5kHz the 15kHz and 30kHz will not be orthogonal.
Regarding the 7.5 kHz UL shift, it has been recognized that there are no legacy n48 devices in the band. However, there is no point use a 7.5 kHz shift when the SCS = 30 kHz, 15 and 30 kHz, grids would not be orthogonal anyway. 
Proposal 2: Do not apply 7.5kHz sub-carrier shift in UL.
When it comes to sync raster (SSB patterns), the objective of [1] is to ensure there is no overlapping transmission between NR SSB and LTE CRS. It would be preferable through system configurations to achieve that rather than any RAN1/4 spec change. There are different solutions on system configuration to ensure such, e.g. LTE MBSFN subframes, slot shifts in time, different SSB patterns to configure, etc. 
With 2 CRS ports the current NR SSB pattern C can fit in well between the LTE CRS with LTE symbols #1,2,8,9 which don’t contain any CRS. This case requires no subframe shift.
Observation 1: NR SSB pattern C can fit into LTE 2 CRS ports with no subframe shift needed.
[bookmark: _GoBack]One of the plenary discussions is how to deal with LTE 4 CRS ports when we try to share the spectrum between LTE and NR under TDD. As with 4CRS ports it will occupy more OFDM symbols in time than 2 CRS ports case, so it collides with the SSB if no subframe shifts applied for NR.
In case we could apply 3 subframes shift for NR then the SSB can be put into the subframes where we could configure LTE MBSFN subframe which doesn’t require any CRS so we can avoid the overlapping, like shown in Figure 1.
Observation 2: NR SSB pattern C would collide with LTE 4CRS ports with no subframe shift.
Observation 3: NR SSB pattern C can fit into LTE 4 CRS ports with 3 subframe shift when LTE subframes are configured as MBSFN subframes.
Another alternative is to apply SSB pattern B but for all 3.5 GHz bands (n48, n77 and n78), pattern C is supported. If we use SSB pattern B for n48 (3.5 GHz) then the UE must do blind search for both patterns B and C increasing UE power and complexity, which is not preferred.
Observation 4: NR pattern B is not preferred as it will double the UE complexity to detect the SSB.
[image: ]
Figure 1 Solution to fit SSB into LTE frame structure

But band 48 is the CBRS band in the US, where the agreed configurations for coexistence do not allow any subframe shift, with the purpose to have aligned TDD UL/DL configurations to ensure the timing alignments among different operators to prevent interference.
Observation 5: Band n48 in CBRS applies strict SFN which doesn’t allow subframe shifts.
With all the obervations above there are 2 options in RAN4.
· Option 1: With no subframe shift of NR, the LTE/NR spectrum sharing is possible to support LTE 2 CRS antenna ports but not LTE 4 CRS antenna ports
· Option 2: With 3 subframes shift of NR and the MBSFN subframes configurations on LTE, the LTE/NR spectrum sharing is possible to support LTE 4 CRS antenna ports
With Option 2 it would require a CBRS spec change which is beyond RAN4 decision, so it’s not preferred. We propose to take Option 1 with no subframe shift in NR and do not introduce the SSB pattern B for support of spectrum sharing with NR in band 48/n48. 2 CRS ports can be supported without any change for the existing specifications.
Proposal 3: Do not apply any change for the existing specifications.
Conclusions
[bookmark: _Hlk506828748]In this contribution, we present our view on LTE/NR spectrum sharing in band 48/n48 with the following observations and proposals for approval.
Observation 1: NR SSB pattern C can fit into LTE 2 CRS ports with no subframe shift needed.
Observation 2: NR SSB pattern C would collide with LTE 4CRS ports with no subframe shift.
Observation 3: NR SSB pattern C can fit into LTE 4 CRS ports with 3 subframe shift when LTE subframes are configured as MBSFN subframes.
Observation 4: NR pattern B is not preferred as it will double the UE complexity to detect the SSB.
Observation 5: Band 48 in CBRS applies strict SFN which doesn’t allow subframe shifts.
Proposal 1: Do not apply 100kHz channel raster.
Proposal 2: Do not apply 7.5kHz sub-carrier shift in UL.
Proposal 3: Do not apply any change for the existing specifications.
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