3GPP TSG-RAN WG4 Meeting #91
 R4-1905463
Reno,US, 13th -17th May, 2019
Agenda Item:
9.19.1
Source: 
Samsung
Title: 
Discussion on spectrum sharing among band 41/n41
Document for:
Discussion
1 Introduction

A new WI “LTE/NR spectrum sharing in Band 41/n41” was approved in RAN#82. The major motivation of this new WI is to facilitate spectrum sharing in RB levels among LTE and NR on re-farming band of 41. In order to avoid inter-sub-carrier interference, frequency alignment among LTE and NR required, below major changes foreseen in RAN4:
1. 100kHz channel raster support
2. Sync raster specification correction
3. UL 7.5kHz frequency shift
In this contribution, we further analysed how to resolve backward compatibility issue  for Rel-15 UE which not support 7.5kHz UL shift in band n41 and the required impact on Rel-16 to support dynamic spectrum sharing among band 41/n41.

2 Discussion
Issue 1: Backward compatibility issue for Rel-15 UE which not support 7.5 kHz UL shift
In last RAN4, candidate options for how to resolve Rel-15 UE which not support 7.5 kHz UL shift has been list in WF [2] for further discussion:
	· Option 3: Reuse band n41 and introduce support for DSS

· DSS support: UL 7.5kHz shift, 100kHz channel raster 

· Deploy SSB at SS raster positions where Rel-15 UE cannot find it to prevent Rel-15 UE from accessing spectrum sharing NW

· It’s FFS whether Rel-16 UE mandatory supporting DSS

· For optional case, behavior of UEs that do not support DSS needs to be clarified

· Option4: Reuse band n41, introduce support for DSS and use the cell barring mechanism to prevent Rel-15 UE to access band n41 cell with 7.5kHz UL shift configuration.

· Need to check feasibility from signaling perspective

· DSS support: UL 7.5kHz shift, 100kHz channel raster 

· It’s FFS whether Rel-16 UE mandatory supporting DSS

· For optional case, behavior of UEs that do not support DSS needs to be clarified

·  Option5: Define a new band and UL 7.5kHz shift is mandatory supported in this new band

· The UE supporting new band shall also support band n41

· Apply all n41 requirements including band combinations (i.e. CA, DC, SUL) to new band

· Mandatory support of 100kHz channel raster is FFS 


In general, a generic solution would be preferred since dynamic spectrum sharing not only for band n41 but also for other TDD refarming bands. 
Option 3 will bring limitation for network deployment which deploy SSB at SS raster positions (M=1, 5) where Rel-15 UE cannot find it to prevent Rel-15 UE from accessing spectrum sharing NW. This is feasible for band n41 which has 15 kHz channel raster and no SS raster shifts in Rel-15, meanwhile for all other LTE refarming TDD bands including band n34, n38, n39 and 40, channel raster is 100kHz and SS rasters with three time shifts defined from Rel-15. 
Observation 1: A generic solution would be preferred which can be applied for other LTE TDD refarming bands in a future proof manner considering dynamic spectrum sharing can be widely used in initial NR deployment stage.

Observation 2: Option 3 “restriction of SS raster location” will limit network deployment flexibility, also this solution cannot be applied for other LTE TDD refarming bands if dynamic spectrum sharing required in future.

Option 4 using cell barring mechanism to prevent legacy UE accessing into NW which deploy dynamic spectrum sharing with 7.5kH UL shift. It’s feasible from RAN2 signalling design aspect  and the benefits of adding additional requirements on existing n41 will minimize RAN4 specification impact meanwhile there is limitation only can start from Rel-16 to support this feature.
Introducing new band may bring impact on market segmentation and increase RAN4 specification work. We need to introduce all requirements for this new band and also need to introduce new EN-DC/CA band combinations into RAN4 including this new band. Another potential issue, this will waste of band number considering several LTE refarming TDD bands in NR.
Observation 3:  It’s feasible to adopt Option 4 “using cell barring mechanism” from signalling aspect. 
Observation 4: It’s feasible to use new band with MBFI in NW meanwhile introducing new bands may have market segmentation issue also waste of band number.
Issue 2: Rel-16 changes aspect for dynamic spectrum sharing 
If we consider the LTE refarming bands, enabling 7.5 kHz shift can bring benefit to operators to refarm LTE bands especially in initial NR deployment stage. That’s also the reason in Rel-15 we agreed to support 7.5 kHz UL shift for all FDD bands and SUL bands mandatory under network control.  

Supporting 7.5 kHz UL shift can be implemented under baseband through waveform generation with software impact only, we didn’t see the difficulty and difference irrespective of FDD bands or TDD bands.  

Proposal 1: Mandatory supporting UL 7.5 kHz shift for all LTE TDD refarming bands from Rel-16.
Another issue need to be clarified is default SS block pattern and default SCS(s) in n41 considering LTE/NR spectrum sharing in Band 41/n41.

In order to avoid CRS collision with NR signals in DL, two approaches can be adopted:

· Approach 1: Using MBSFN configurations for CRS
· Have restriction for NW scheduling 

· No limitation for default SCS selection, 15kHz SSB can be used to achieve similar coverage as LTE considering initial co-location refarming among LTE and NR
· Approach 2: Using 30kHz SSB with SSB Block pattern Case B
· Both SSB block pattern Case B and Case C need to be supported for n41.  On top of SS entries blind detection, UE also need to blind detect SSB block pattern which further increase initial cell search time and UE complexity 

· Have limitation on selection of default SSB block pattern and SCS(s)

Proposal 2: Using MBSFN configuration is preferred to minimize impact on UE implementation and RAN4 requirements.
With above analysis, in order to support dynamic spectrum sharing on band n41, below changes foreseen in Rel-16:

· Adding 100kHz channel raster for n41

· Adding supporting 7.5kHz UL shift

· Revise step size for SS raster from “3” to “1”
With above modifications, we didn’t see any impact on RF requirements and RRM requirements. For demodulation requirements, as in Rel-15, UE demodulation requirements to verify UE rate matching around CRS was specified for FR1 FDD mode only in section 5.2.2.1.4/5.2.3.1.4 “Minimum requirements for PDSCH Mapping Type A and LTE-NR coexistence” of  TS 38.101-4.  If we rely on MBSFN configurations to avoid SSB collision with LTE CRS, no sure whether we need to introduce similar CRS rate matching performance requirements for FR1 TDD mode. 
Proposal 3: In order to support DSS(dynamic spectrum sharing) under band n41, below modifications required:

· Adding 100kHz channel raster for n41

· Adding supporting 7.5kHz UL shift

· Revise step size for SS raster from “3” to “1”
Proposal 4: No RF and RRM requirements impact foreseen to support dynamic spectrum sharing on band n41.
Observation 5: It’s FFS whether need to introduce UE performance requirements for LTE CRS rate matching in FR1 TDD mode. If needed, we may consider including this into in Rel-16 performance enhancement WI (which is on offline discussion).
3 Conclusion
In this contribution, we further analysed how to resolve backward compatibility issue  for Rel-15 UE which not support 7.5kHz UL shift in band n41 and the required impact on Rel-16 to support dynamic spectrum sharing among band 41/n41.

Issue 1: Rel-15 UE NBC issue

Observation 1: A generic solution would be preferred which can be applied for other LTE TDD refarming bands in a future proof manner considering dynamic spectrum sharing can be widely used in initial NR deployment stage.

Observation 2: Option 3 “restriction of SS raster location” will limit network deployment flexibility, also this solution cannot be applied for other LTE TDD refarming bands if dynamic spectrum sharing required in future.

Observation 3:  It’s feasible to adopt Option 4 “using cell barring mechanism” from signalling aspect. 

Observation 4: It’s feasible to use new band with MBFI in NW meanwhile introducing new bands may have market segmentation issue also waste of band number.

Issue 2: Rel-16 specification impact

Proposal 1: Mandatory supporting UL 7.5 kHz shift for all LTE TDD refarming bands from Rel-16.
Proposal 2: Using MBSFN configuration to resolve LTE CRS collision with NR SSB is preferred to minimize impact on UE implementation and RAN4 requirements.
Proposal 3: In order to support DSS(dynamic spectrum sharing) under band n41, below modifications required:

· Adding 100kHz channel raster for n41

· Adding supporting 7.5kHz UL shift

· Revise step size for SS raster from “3” to “1”
Proposal 4: No RF and RRM requirements impact foreseen to support dynamic spectrum sharing on band n41.
Observation 5:  It’s FFS whether need to introduce UE performance requirements for LTE CRS rate matching in FR1 TDD mode. If needed, we may consider including this into in Rel-16 performance enhancement WI (which is on offline discussion).
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