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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, the expected impact on RAN4 requirements and UE for supporting LTE/NR spectrum sharing in Band 41/n41 were analysed.  The comparison of two candidate solutions for introducing RAN4 requirements was provided:
· Solution 1: introducing new band to enable spectrum sharing for this frequency ranges

· Solution 2: Add additional requirements on top of existing n41 
2 Discussion
100 kHz channel raster support

A global channel raster was introduced in NR with global granularity: 
· 5kHz for below 3GHz

· 15kHz above 3GHz in FR1

· 60kHz in FR2 
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For all LTE refarming bands except band n41, 100 kHz band specific raster was defined with step-size 20 considering co-existence with LTE system.
The expected impact on RAN4 requirements as show below: on top 15 kHz and 30 kHz channel raster, 100 kHz channel raster need to be added for band 41

Table 5.4.2.3-1: Applicable NR-ARFCN per operating band in FR1
	NR Operating Band
	ΔFRaster

(kHz) 
	Uplink

Range of NREF

(First – <Step size> – Last)
	Downlink

Range of NREF

(First – <Step size> – Last)

	n1
	100
	384000 – <20> – 396000
	422000 – <20> – 434000

	n2
	100
	370000 – <20> – 382000
	386000 – <20> – 398000

	n3
	100
	342000 – <20> – 357000
	361000 – <20> – 376000

	n5
	100
	164800 – <20> – 169800
	173800 – <20> – 178800

	n7
	100
	500000 – <20> – 514000
	524000 – <20> – 538000

	n8
	100
	176000 – <20> – 183000
	185000 – <20> – 192000

	n12
	100
	139800 – <20> – 143200
	145800 – <20> – 149200

	n20
	100
	166400 – <20> – 172400
	158200 – <20> – 164200

	n25
	100
	370000 – <20> – 383000
	386000 – <20> – 399000

	n28
	100
	140600 – <20> – 149600
	151600 – <20> – 160600

	n34
	100
	402000 – <20> – 405000
	402000 – <20> – 405000

	n38
	100
	514000 – <20> – 524000
	514000 – <20> – 524000

	n39
	100
	376000 – <20> – 384000
	376000 – <20> – 384000

	n40
	100
	460000 – <20> – 480000
	460000 – <20> – 480000

	n41
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

	
	30
	499200 – <6> – 537996
	499200 – <6> – 537996

	
	100
	499200 – <20> – 538000
	499200 – <20> – 538000

	n50
	100
	286400 – <20> – 303400
	286400 – <20> – 303400

	n51
	100
	285400 – <20> – 286400
	285400 – <20> – 286400

	n66
	100
	342000 – <20> – 356000
	422000 – <20> – 440000

	n70
	100
	339000 – <20> – 342000
	399000 – <20> – 404000

	n71
	100
	132600 – <20> – 139600
	123400 – <20> – 130400

	n74
	100
	285400 – <20> – 294000
	295000 – <20> – 303600

	n75
	100
	N/A
	286400 – <20> – 303400

	n76
	100
	N/A
	285400 – <20> – 286400

	n77
	15
	620000 – <1> – 680000
	620000 – <1> – 680000

	
	30
	620000 – <2> – 680000
	620000 – <2> – 680000

	n78
	15
	620000 – <1> – 653333
	620000 – <1> – 653333

	
	30
	620000 – <2> – 653332
	620000 – <2> – 653332

	n79
	15
	693334 – <1> – 733333
	693334 – <1> – 733333

	
	30
	693334 – <2> – 733332
	693334 – <2> – 733332

	n80
	100
	342000 – <20> – 357000
	N/A

	n81
	100
	176000 – <20> – 183000
	N/A

	n82
	100
	166400 – <20> – 172400 
	N/A

	n83
	100
	140600 – <20> –149600
	N/A

	n84
	100
	384000 – <20> – 396000
	N/A

	n86
	100
	342000 – <20> – 356000
	N/A


As RRC signalling and NR Absolute Radio Frequency Channel Number (NR-ARFCN) still following global channel raster design, both 100 kHz and sub-carrier based on band specific channel raster can be supported for refarming bands with basic granularity 5 kHz.
Observation 1: There is no UE implementation impact and backward compatibility issue foreseen for introducing 100 kHz channel raster into band 41.
Sync raster

RAN4 also define default SCS(s) and global sync raster for initial cell search without any system assistance information.
In order to accommodate 100 kHz channel raster, 3 candidate sync locations with 100 kHz shift within each sync cluster with 1.2MHz raster were defined in RAN4 for LTE refarming bands below 3GHz as global sync.  In band n41, currently only sub-carrier based channel raster supported, no sync raster shift required and band specific sync raster with step-size 3 was specified for band n41.
In order to support 100 kHz channel raster in band n41, step-size of sync raster need to be reduced from 3 to 1.

With this modification, number of candidate Sync locations in n41 will be increased by 3 times. Pending on whether UE supporting band n7/n38, actually increased number of sync locations can be 124.
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Observation 2: Number of sync raster entries will be increased for n41 with step size reduced from 3 to 1 in order to accommodate 100 kHz channel raster.
Pending on UE implementation, Rel-15 UE which support current n41 sync entries may cannot access the channel if sync entries not located in the middle sync of each sync cluster.
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)

· Table 5.4.3.3-1: Applicable SS raster entries per operating band (FR1)

	NR Operating Band
	SS  Block SCS
	SS Block pattern1
	Range of GSCN
(First – <Step size> – Last)

	n1
	15 kHz
	Case A
	5279 – <1> – 5419

	n2
	15 kHz
	Case A
	4829 – <1> – 4969

	n3
	15 kHz
	Case A
	4517 – <1> – 4693

	n5
	15 kHz
	Case A
	2177 – <1> – 2230

	
	30 kHz
	Case B
	2183 – <1> – 2224

	n7
	15 kHz
	Case A
	6554 – <1> – 6718

	n8
	15 kHz
	Case A
	2318 – <1> – 2395

	n12
	15 kHz
	Case A
	1828 – <1> – 1858

	n20
	15 kHz
	Case A
	1982 – <1> – 2047

	n25
	15 kHz
	Case A
	4829 – <1> – 4981

	n28
	15 kHz
	Case A
	1901 – <1> – 2002

	n34
	15 kHz
	Case A
	5030 – <1> – 5056

	n38
	15 kHz
	Case A
	6431 – <1> – 6544

	n39
	15 kHz
	Case A
	4706 – <1> – 4795

	n40
	15 kHz
	Case A
	5756 – <1> – 5995

	n41
	15 kHz
	Case A
	6246 – <1> – 6717

	
	30 kHz
	Case C
	6252 – <1> – 6714

	
	30 kHz
	Case B?
	6252 – <1> – 6714?

	n50
	15 kHz
	Case A
	3584 – <1> – 3787

	n51
	15 kHz
	Case A
	3572 – <1> – 3574

	n66
	15 kHz
	Case A
	5279 – <1> – 5494

	
	30 kHz
	Case B
	5285 – <1> – 5488

	n70
	15 kHz
	Case A
	4993 – <1> – 5044

	n71
	15 kHz
	Case A
	1547 – <1> – 1624

	n74
	15 kHz
	Case A
	3692 – <1> – 3790

	n75
	15 kHz
	Case A
	3584 – <1> – 3787

	n76
	15 kHz
	Case A
	3572 – <1> – 3574

	n77
	30 kHz
	Case C
	7711 – <1> – 8329

	n78
	30 kHz
	Case C
	7711 – <1> – 8051

	n79
	30 kHz
	Case C
	8480 – <16> – 8880

	NOTE 1:
SS Block pattern is defined in section 4.1 in 3GPP TS 38.213 [10].


Observation 3:  Further clarification from operators required for solution to avoid CRS collision with NR signals in DL
Observation 4: Using MBSFN configuration is preferred to minimize impact on UE implementation and RAN4 requirements.

UL 7.5 kHz frequency shift

 In order to align NR and LTE UL subcarriers for UL spectrum sharing among NR and LTE, 7.5 kHz shift was introduced for certain bands by NW control. Currently, 7.5 kHz shift is mandatory for certain bands as list in TS 38.104.  As discussed in previous RAN4 meeting, 7.5 kHz shift can be implemented in baseband or RF side. Pending on UE implementation, it may not feasible for existing Rel-15 UE to support 7.5 kHz shift in n41.

Comparison of introducing RAN4 requirements

As analysed above, there are several impact on UE implementation for supporting LTE/NR spectrum sharing in Band 41/n41. Pending UE implementation, Rel-15 UE may not able to support these modifications.
No matter whether introducing a new band, or adding additional requirements on existing n41, the impact on UE implementation is same.

It can support this feature from Rel-15 in a release independent manner if using new band approach. Meanwhile 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. 

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.
Observation 5: Pending on the choice which release to support this feature, if started from Rel-16, the approach of introducing additional requirements on top of existing n41 is preferred. 
3 Discussion

In this contribution, the expected impact on RAN4 requirements and UE for supporting LTE/NR spectrum sharing in Band 41/n41 were analysed.  The comparison of two candidate solutions for introducing RAN4 requirements was provided:

· Solution 1: introducing new band to enable spectrum sharing for this frequency ranges

· Solution 2: Add additional requirements on top of existing n41 
Observation 1: There is no UE implementation impact and backward compatibility issue foreseen for introducing 100 kHz channel raster into band 41.

Observation 2: Number of sync raster entries will be increased for n41 with step size reduced from 3 to 1 in order to accommodate 100 kHz channel raster.
Observation 3:  Further clarification from operators required for solution to avoid CRS collision with NR signals in DL
Observation 4: Using MBSFN configuration is preferred to minimize impact on UE implementation and RAN4 requirements.

Observation 5: Pending on the choice which release to support this feature, if started from Rel-16, the approach of introducing additional requirements on top of existing n41 is preferred. 
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