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1. Introduction
There is extensive discussion on dynamic spectrum sharing (DSS) among LTE and NR with n48 as example band in Chongqing meeting. And the WF[1] co-signed by several companies noted in online discussion due to the concerns and questions raised on many aspects.  
In this contribution, further clarification on how to enable dynamic spectrum sharing in LTE refarming bands is provided with comparison of alternatives for each item.  
2. Discussion
As summarized in our previous contribution [2] the enable dynamic spectrum sharing between LTE refarming band and NR band operation there are three aspects need to be checked in NR specification which are channel raster, sync raster and 7.5kHz UL shift.  The fundament assumptions throughout this contribution are still consistent with the WF for DSS.
· Enable DSS in LTE refarming bands, including existing NR bands and new refarming bands in the future, should be in line with NR global frequency channel raster and sync raster design;
· Enable DSS in existing LTE refarming bands should not change existing band specific channel raster and default sync raster entries;
· Changes, if any, in existing LTE re-farming bands should be analyzed for backward compatible issues;
· If needed, new bands can be considered, e.g. band n41/n90.
 Based on these principles, further analysis is shared as below. 
· Channel raster
	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	ΔFRaster
(kHz)
	SS block frequency position SSREF
	GSCN

	0 – 3000
	5
	100kHz supported with exception on band n41
	N * 1200 kHz + M * 50 kHz,
N = 1:2499, M ϵ {1,3,5} (Note)
	3N + (M-3)/2

	3000 – 24250
	15
	15kHz and 30kHz(SCS based)
	3000 MHz + N * 1.44 MHz, 
N = 0:14756
	7499 + N

	24250 – 100000
	60
	60kHz and 120kHz (SCS based)
	24250.08 MHz + N * 17.28 MHz, 
N = 0:4383
	22256 + N



Hence for LTE refarming band below 3GHz the 100kHz should be defined as other operating band. With this there would be no issue from angle of channel raster in DSS scenario. 
For LTE refarming band above 3GHz, channel raster is defined as SCS based. To ensure the LTE and NR dynamic spectrum sharing, the solution with selected raster points which match with LTE channel raster can be used as implementation way. That implies a sparse raster of 300 kHz which is the LCM of 100 kHz and 15 kHz would be applied to enable the DSS with LTE spectrum. This approach can be implemented by network configuration without explicit specification impact. However, it should be admitted that there may be invalid for specific spectrum holding but would be rarely corner case.  
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.
Observation 4: for channel raster to enable DSS between NR and LTE DSS above 3GHz, the 300 kHz raster can be used as implementation approach. 

· Sync raster
In the context of sync raster the majority discussion point would be how to avoid confliction between LTE CRS and NR SSB.  According to RAN1 design the 30kHz based sync raster plus SSB pattern B can resolve the issue which is applied for NR band n5 and n66 which face the similar problem in DSS. However, for the LTE refarming band(s) in existing NR specification bring more SSB pattern, such as pattern B, would result in additional burden for UE initial cell search which have impact on power consuming, implementation complexity and it may be NBC issue if there is already UE in circulation on the market for that spectrum. Hence the other alternative way as proposed in [2] and adopted in discussion of n41/n90 is the MBSFN approach.  One concern raised here for MBSFN approach is whether the LTE MBSFN configuration accommodate flexible configuration on SSB allocation for all potential TDD UL/DL configuration. For this purpose, we can compare the LTE configuration and SSB with further detail here.
TDD Uplink-downlink configuration is defined in TS36.211 as table below for LTE. 
Table 4.2-2 in TS36.211: Uplink-downlink configurations
	Uplink-downlink 
configuration
	Downlink-to-Uplink 
Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D



The MBSFN configuration related parameters are defined in TS36.331 for LTE. 
[bookmark: _Toc12746050]–	MBMS-NotificationConfig in TS36.331
The IE MBMS-NotificationConfig specifies the MBMS notification related configuration parameters, that are applicable for all MBSFN areas.
MBMS-NotificationConfig information element
-- ASN1START

MBMS-NotificationConfig-r9 ::=				SEQUENCE {
	notificationRepetitionCoeff-r9		ENUMERATED {n2, n4},
	notificationOffset-r9				INTEGER (0..10),
	notificationSF-Index-r9				INTEGER (1..6)
}

MBMS-NotificationConfig-v1430 ::=				SEQUENCE {
	notificationSF-Index-v1430				INTEGER (7..10)
}

-- ASN1STOP

	MBMS-NotificationConfig field descriptions

	notificationOffset
Indicates, together with the notificationRepetitionCoeff, the radio frames in which the MCCH information change notification is scheduled i.e. the MCCH information change notification is scheduled in radio frames for which: SFN mod notification repetition period = notificationOffset.

	notificationRepetitionCoeff
Actual change notification repetition period common for all MCCHs that are configured= shortest modification period/ notificationRepetitionCoeff. The 'shortest modificaton period' corresponds with the lowest value of mcch-ModificationPeriod of all MCCHs that are configured. Value n2 corresponds to coefficient 2, and so on.

	notificationSF-Index
Indicates the subframe used to transmit MCCH change notifications on PDCCH. FDD: Value 1, 2, 3, 4, 5 and 6 correspond with subframe #1, #2, #3 #6, #7, and #8 respectively. Value 7, 8, 9 and 10 correspond with subframe #0, #4, #5 and #9 respectively. If notificationSF-Index-v1430 is included, UE ignores notificationSF-Index-r9. TDD: Value 1, 2, 3, 4, and 5 correspond with subframe #3, #4, #7, #8, and #9 respectively.



According to current LTE MBSFN  design, for most of the TDD  UL/DL configurations widely reused as real network, there are occasions that DL subframe can be configured as MBSFN.  And for FDD case, all DL subframes in radio frame can be configured as MBSFN subframe. 
Observation 5: MBSFN approach can be applied to resolved LTE CRS and NR SSB collision for TDD NR band refarmed from LTE to support DSS for all extensively used LTE TDD UL/DL configurations. 
Observation 6: MBSFN approach can be applied to resolved LTE CRS and NR SSB collision for FDD NR band refarmed from LTE to support DSS without any restriction on DL subframe configuration. 

· 7.5kHz UL shift
As shown in figure below 7.5 kHz UL shift is applied to ensure the UL orthogonal between LTE and NR in case of 15 kHz SCS of NR operation in the context of DSS. It should be noted that firstly this is not precluded the application of UL 7.5 kHz shift of other case. Secondly, for the case of NR operating in 30 kHz SCS, following the legacy agreement in R15 NR discussion, gap between LTE and NR should be adopted as implementation manner. 
[image: ]
Hence to make the decision on whether UL 7.5 KHz shift should be included for TDD bands with the intention to support DSS would be restricted by two aspects: 
1. Whether 15 kHz SCS of NR would be deployed or not for specific  band
Deployment scenario which may be different in different region and should be discussed case by case
2. Whether there is NBC issue for specific band  
Observation 7: for UL 7.5 kHz shift of existing NR TDD band, it should be discussed case by case manner according to deployment scenario and status.  
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.
Observation3: Introducing 100 kHz channel raster for above 3GHz bands conflict with existing global channel raster and sync raster design.
Observation 4: for channel raster to enable DSS between NR and LTE DSS above 3GHz, the 300 kHz raster can be used as implementation approach. 
Observation 5: MBSFN approach can be applied to resolved LTE CRS and NR SSB collision for exiting TDD NR band refarmed from LTE to support DSS for all extensively used LTE TDD UL/DL configurations. 
Observation 6: MBSFN approach can be applied to resolved LTE CRS and NR SSB collision for exiting FDD NR band refarmed from LTE to support DSS without any restriction on DL subframe configuration. 
Observation 7: for UL 7.5 kHz shift of TDD band, it should be discussed case by case manner according to deployment scenario and status.
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