[bookmark: _Hlk491845607]3GPP TSG-RAN WG4 Meeting #92bis                                                             R4-1911405	                                                                                                                               
Chongqing, China, 14th-18th October, 2019
Source:	Samsung, Comcast,
Title:	Dynamic spectrum sharing in LTE refarming bands
[bookmark: _GoBack]Agenda item:			9.29
Document for:	Approval
1. Introduction
For initial NR deployment in LTE refarming frequency ranges, dynamic spectrum sharing (DSS) among LTE and NR would be a useful deployment scenario especially for the bands which already have heavy load on LTE service. 
In order to allow dynamic schedule LTE and NR transmission on the same spectrum in RB level, several potential impact for channel arrangement can be summarized as below:
· UL 7.5kHz shift to align UL SCs among LTE and NR
· Channel raster: 100kHz channel raster to align LTE and NR 
· Sync raster: raster shifts and SSB pattern
Nowadays, more demands from operators were foreseen to enable dynamic spectrum sharing on other LTE refarming bans with NR deployment launched in different regions.
In this contribution, framework for handling new request of dynamic spectrum sharing in LTE refarming bands was provided. 
2. Discussion
100 kHz channel raster:
In order to align the channel raster, 100 kHz channel raster required for NR bands to align with LTE carrier.
For NR, global channel raster concept was introduced, and channel numbering (NR-ARFCN) covered the whole frequency ranges 0~100GHz followed by below basic channel raster granularity:
Table 5.4.2.1-1 in TS 38.104: 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

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



The specific channel raster per band need to be integer number of the basic channel raster granularity as specified in 5.4.2.3 of TS 38.104 which can be summarized as below:
· For below 3GHz bands except band n41, 100kHz channel raster supported; 15kHz and 30kHz channel raster supported in band n41
· For above 3GHz bands in FR1, 15kHz and 30kHz channel raster supported
· For FR2 bands, 60kHz and 120kHz channel raster supported

Furthermore, global sync raster (GSCN) was introduced in NR to list the candidate locations of SSB blocks for initial cell search with basic granularity as below:
Table 5.4.3.1-1 in TS38.104 : GSCN parameters for the global frequency raster
	Frequency range
	SS block frequency position SSREF
	GSCN
	Range of GSCN

	0 – 3000 MHz
	N * 1200kHz + M * 50 kHz,
N=1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2
	2 – 7498

	3000 – 24250 MHz
	3000 MHz + N * 1.44 MHz 
N= 0:14756
	7499 + N
	7499 – 22255

	24250 – 100000 MHz
	24250.08 MHz + N * 17.28 MHz 
N= 0:4383
	22256 + N
	22256 – 26639

	NOTE:	The default value for operating bands with SCS spaced channel raster is M=3.



For below 3GHz, SS raster shift with three candidate locations per SS raster cluster (100 kHz offset) required to accommodate with 100 kHz channel raster. Following this design, we can ensure the offset among SSB location and channel centre can be SC basis. On the other side, this sync raster shift not allowed for above 3GHz.
As we can observe for above 3GHz bands, introducing 100 kHz channel raster for above 3GHz bands conflict with existing global channel raster and sync raster design.
However this not always necessary, LTE and NR still can share same channel raster i.e. using 300 kHz channel raster for above 3GHz bands if DSS plan to be deployed in such bands.
Observation 1: For below 3GHz bands, 100 kHz channel raster can be supported following global channel raster design.
Observation 2: For above 3GHz bands, only sub-carrier based on channel raster supported following global channel raster design and sync raster design.
Observation3: Introducing 100 kHz channel raster for above 3GHz bands conflict with existing global channel raster and sync raster design.
7.5 kHz shift:
In order to align uplink SC among LTE and NR, UL 7.5 kHz shift on NR uplink transmission required for DSS usage in LTE refarming band. 
The supported bands for 7.5 kHz UL shift under NW signalling control as specified in TS 38.104:
	For SUL bands, for the uplink of all FDD bands defined in table 5.2-1 and for TDD band [n90],
	FREF,shift = FREF + Δshift,  Δshift = 0 kHz or 7.5 kHz
where Δshift is signalled by the network in higher layer parameter frequencyShift7p5khz [11].


RRC signalling in TS 38.331:
	FrequencyInfoUL ::=                 SEQUENCE {
    frequencyShift7p5khz                ENUMERATED {true}                                       OPTIONAL,   -- Cond FDD-TDD-OrSUL-Optional
    ...
}



Originally in Rel-15, 7.5 kHz UL shift only mandatory supported in FDD and SUL bands under NW control. RRC IE in RAN2 “frequencyShift7p5khz” originally not applied to TDD bands. During discussion under WI “DSS for band 41 and n41”, NBC issue was pointed by companies: early UE which already supported band n41 which supposed not to decode this IE in band n41 and access the Network which enable UL shift will introduce UL interference. In order to solve this issue, new band approach was adopted for band n41:
	· The UE supporting new band shall also support band n41
· The UE supporting band combinations with new band shall also support the same band combinations with band n41
· Apply all n41 requirements including band combinations (i.e. CA, DC, SUL) to new band
· UE mandatory support of 100kHz channel raster
· UL 7.5kHz shift mandatory supported in this new band



Observation 4: UL 7.5 kHz shift only supported in FDD bands, SUL bands and TDD band n90 in existing RAN4 specification.
Observation 5: From RAN2 signalling perspective, IE “frequencyShift7p5khz” can be applied for FDD, SUL and TDD bands. 
Sync raster :
For sync raster, two potential aspect need to be considered for supporting DSS. One is sync raster shift accommodated with 100 kHz channel raster. Another issue is default SSB block SCS and SSB block pattern as specified in Table 5.4.3.3-1 of TS 38.104. In order to avoid confliction among LTE CRS and NR SSB transmission, two alternatives can be adopted:
· Alt1: Using MBSFN configuration for LTE in NR SSB transmission slots
· Alt2: Using 30 kHz SCS and SSB block pattern B for SSB transmission to avoid overlapping among LTE CRS and NR SSB i.e. band n5 and n66.
Introducing additional SSB numerologies on existing NR bands will increase initial cell search complexity and search time, which potentially bring NBC issue on existing NR bands.  Considering above aspect, we prefer using alternative 1 to minimize impact on existing LTE refarming bands.
WF for handing future request:
Based on above analysis and observations, a generic WF proposed to handle future DSS (dynamic spectrum sharing demand on LTE refarming bands: 
Enable DSS in LTE refarming bands (including existing NR bands and new refarming bands in the future) should not conflict with NR global channel raster and sync raster design.
Enable DSS in existing LTE refarming bands should not make any changes on already specified band specific channel raster and default sync raster entries (including default SSB SCS, SSB block pattern, candidate GSCN range) as specified in Table 5.4.2.3-1 and Table 5.4.3.3-1 of TS 38.104 respectively.
Enable DSS in existing LTE refarming bands (TDD bands):
· No change on already agreed band specific channel raster and sync raster
· For supporting UL 7.5 kHz shift, need to be checked in a case by case manner
· If no NBC issue identified i.e. no early UE support this NR bands, UL 7.5kHz shift can be applied to this band
· If NBC issue identified, new band approach can be adopted similar as band n41/n90
New LTE refarming bands introduced in the future:
· 100 kHz channel raster can be supported for bands below 3GHz
· 7.5 kHz UL shift should be mandatory supported for newly introduced LTE refarming bands to avoid NBC issue 
· Whether need to support default SSB with 30kHz SCS and SSB block pattern B can be discussed in a case by case manner
Example: Enable DSS in band n48:
Taking band n48 as an example,  band n48 with below channel arrangement as specified in TS 38.104 v16.0
	Operating bands:
	n48
	3550 MHz – 3700 MHz
	3550 MHz – 3700 MHz
	TDD



Channel raster:
	n48
	15
	636667 – <1> – 646666
	636667 – <1> – 646666

	
	30
	636668 – <2> – 646666
	636668 – <2> – 646666



Sync raster:
	n48
	30 kHz
	Case C
	7884 – <1> – 7982






Band n48 is a TDD band above 3GHz, with SC based channel raster and 30 kHz, Case C default SSB pattern. In order to align with global sync raster and channel raster design, it’s difficult and not favorable to support 100kHz channel raster and corresponding sync raster modification on this band. Meanwhile as pointed out in above section, 100 kHz channel raster not always necessary needed, NW can adjust channel arrangement to ensure the channel raster located with 300 kHz granularity to ensure LTE and NR carrier alignment without channel raster and sync raster modification on band n48. 
For SSB SCS and block pattern, MBSFN approach can be used to avoid the confliction among LTE CRS and NR SSB transmission.
For 7.5kHz UL shift, band n48 was introduced to NR specification recently, no existing UE support band n48 in current stage which means no NBC issue foreseen to support  UL 7.5kHz shift in band n48.
To be summarized:
Observation 6: RAN4 only need to enable UL 7.5kHz shift on band n48 to support DSS without any other modification to minimize RAN4 specification impact.
3. Conclusion
In this contribution, the potential impact on RAN4 to enable DSS on LTE existing bands was analyzed with below observations:
Observation 1: For below 3GHz bands, 100 kHz channel raster can be supported following global channel raster design.
Observation 2: For above 3GHz bands, only sub-carrier based on channel raster supported following global channel raster design and sync raster design.
Observation 3: Introducing 100 kHz channel raster for above 3GHz bands conflict with existing global channel raster and sync raster design.
Observation 4: UL 7.5 kHz shift only supported in FDD bands, SUL bands and TDD band n90 in existing RAN4 specification.
Observation 5: From RAN2 signalling perspective, IE “frequencyShift7p5khz” can be applied for FDD, SUL and TDD bands. 
Furthermore, based on the analysis and observations, a generic WF proposed for handling DSS request in the future was proposed:
	Enable DSS in LTE refarming bands (including existing NR bands and new refarming bands in the future) should not conflict with NR global channel raster and sync raster design.
Enable DSS in existing LTE refarming bands should not make any changes on already specified band specific channel raster and default sync raster entries (including default SS SCS, SS block pattern, candidate GSCN range) as specified in Table 5.4.2.3-1 and Table 5.4.3.3-1 of TS 38.104 respectively.
Enable DSS in existing LTE refarming bands (TDD bands):
· No change on already agreed band specific channel raster and sync raster
· For supporting UL 7.5 kHz shift, need to be checked in a case by case manner
· If no NBC issue identified i.e. no early UE support this NR bands, UL 7.5kHz shift can be applied to this band
· If NBC issue identified, new band approach can be adopted similar as band n41/n90
New LTE refarming bands introduced in the future:
· 100 kHz channel raster can be supported for bands below 3GHz
· 7.5 kHz UL shift should be mandatory supported for newly introduced LTE refarming bands to avoid NBC issue 
· Whether need to support default SSB with 30kHz SCS and SSB block pattern B can be discussed in a case by case manner


In the end, taking band n48 as an example with above generic approach, such observation given:
Observation 6: RAN4 only need to enable UL 7.5 kHz shift on band n48 to support DSS without any other modification to minimize RAN4 specification impact.
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