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1	Introduction 
Dynamic spectrum sharing is an important feature that allows for sharing existing spectrum between the LTE and NR carriers, thus enabling smoother transition from LTE and faster adoption of NR. Amongst a number of prerequisites for running LTE and NR within the same frequency band, either FDD or TDD, an operator has to ensure that both LTE and NR raster are aligned and that the NR synchronization blocks do not overlap with LTE reference signals. As an example, the following WI was agreed to enable dynamic spectrum sharing in band 41/n41 frequency range [1].
After the RAN#86 meeting, a new WI was agreed [2] aiming to analyse and introduce, if needed, changes to support dynamic spectrum sharing in band 48/n48 frequency range. During the RAN4#94 meeting, a number of companies expressed their view on the required modifications [5]-[9], but no consensus was reached. In this discussion paper we elaborate further on the required changes needed to support the aforementioned functionality. 

2	LTE/NR spectrum sharing in band 48/n48 
[bookmark: _Toc13821307][bookmark: _Toc13823307]  From the RAN WG4 objective, the following aspects should be addressed:
-	Channel raster;
-	UL shift;
-	Sync pattern.
In the following subsections we present our further considerations on channel raster and the synchronization pattern.
2.1	Channel raster
2.1.1	Background
To align LTE and NR carrier, both carriers have to be configured with the same centre frequencies, which in turn should be an integer multiple of the channel raster step of the corresponding LTE and NR bands. While the LTE band 48 has a channel raster of 100kHz, the corresponding NR band n48 follows so-called SCS based channel raster, which is either 15 or 30kHz (refer also to Annex B). Based on that, one of the solutions not requiring any standardization changes would be to consider FREF values at step of 300kHz for those carriers where DSS operation between LTE and NR is anticipated. For other carriers, using exclusively either LTE or NR, there will be no restrictions on how they can be configured. 
Observation 1a:	300kHz raster does not require any further standardization changes and thus can be used to align LTE and NR centre frequencies for those carriers where DSS operation is needed. 
Even though the solution with FREF values at step of 300kHz does not require any further standardization changes in 3GPP, it is worth noting that unlike other licensed bands where an operator receives a particular fixed chunk of spectrum, band 48/n48 spectrum is managed by so-called SAS entity. It allocates spectrum to operators accounting for their requests, total number of operators working in a certain geographical area, and also other SAS entities. In other words, an operator simply does not know in advance which spectrum will be allocated, its size and the centre frequency. 
Figure 2.1-1 illustrates the problem by showing exemplary 10MHz and 20MHz allocations within 100MHz spectrum allocation of the band 48/n48. As can be seen from the top-most figure, there are only certain channels, which centre frequencies are aligned on the 300kHz raster (highlighted in red for the sake of simplicity). As an example, the following centre frequencies are aligned on the 300kHz raster – 3555, 3585, 3615, 3645 – and thus can be used for DSS between LTE and NR. However, as can be seen from the figure, there are only four 10MHz channels in 100MHz range that are aligned on the 300kHz raster. The problem gets even worse for 20MHz channels because there is only one channel with centre frequency 3600 that is aligned on the 300kHz raster.  
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Figure 2.1-1: Exemplary 10MHz and 20MHz channel allocations.
Even though one could anticipate that the SAS entity might take care of allocating spectrum in a preferred way, there is no guarantee that the corresponding channel will be free, i.e. not taken by another SAS entity or not allocated to another operator. In other words, the preferred channel still could be busy irrespective of the operator’s preference to get a particular channel.  Another potential problem is when a particular carrier initially uses only LTE with 100kHz raster, but then an operator decides to enable DSS thus requiring 300kHz raster alignment. In this case, the corresponding carrier centre frequency will have to be re-allocated potentially impacting other operators’ centre frequencies in the whole band 48/n48 spectrum range. As an example, 40MHz chunk of spectrum can be easily and fairly shared between four operators with 100kHz channel raster when only LTE is used, i.e. each operator will get 10MHz. However, once an operator decides to use NR and DSS requiring the channel raster to be an integer multiple of 300kHz, it might be impossible to accommodate four 10MHz channels without violating minimum guard band sizes.  
Observation 1b:	Band 48/n48 spectrum is managed by the SAS entity, and thus an operator cannot be sure that allocated spectrum will be on the 300kHz raster.

2.1.2	Potential solutions
Referring to considerations presented in the previous section, it is worth noting that the same problem was acknowledged during the DSS related WI for band 41/n41 frequency range. And as a straightforward solution to it, 100kHz raster was added to a new band n90 (refer also to Annex B). While it would be logical to add 100kHz raster to band n48 definition in a similar way as it was done for band n41/n90, it is worth noting that it might trigger more specification and implementation changes. As also mentioned in [8], the matter is that SSB reference frequencies for NR bands below 3GHz are designed accounting for the fact that its grid can be aligned with the channel grid including 100kHz raster. On the contrary to it, NR bands above 3GHz use purely SCS based SSB reference frequencies. For the sake of clarity, we present below an excerpt from TS 38.101-1 showing that the SSB reference frequencies follow different formulas for bands below and above 3GHz.
Table 2.1.2-1: SS block reference frequency (Table 5.4.3.1-1 from TS 38.101-1).
	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 1)
	3N + (M-3)/2
	2 – 7498

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

	NOTE 1:	The default value for operating bands with which only support SCS spaced channel raster(s) is M=3.




One potential way would be to extend existing formula for frequency range 3000 – 5000 MHz enabling more SSB reference frequencies that would be needed for 100kHz channel raster. However, that might be not acceptable due to the implementation status of NR bands n77, n78, and n79. Thus, one potential compromise could be to extend the formula for the whole range, 3000 – 5000 MHz, but make it applicable only to the 3550 – 3700 MHz range of band n48. Nevertheless, that will require further investigations on the exact specification and implementation impact with related pros and cons.
Observation 2a:	Existing SSB reference frequencies for bands above 3GHz do not allow for placing channel at any arbitrary 100kHz raster point.
Observation 2b:	More SSB reference frequency points can be added (e.g. specifically to band n48), but that will require further investigations for exact specification and implementation impact.

Another approach contemplated by companies is to use RB blanking. If the allocated spectrum is not on the 300kHz raster, then the channel centre frequency can be shifted right or left, and the corresponding RB should be "blanked" to ensure the minimum size of guard bands. Referring to Figure 2.1-2, when the allocated spectrum is on the 300kHz raster, e.g. 3550 – 3560 MHz, then no RB blanking is needed. If an operator receives spectrum which is not on the 300kHz raster, e.g. 3560 – 3570 MHz, then it is possible to shift the centre frequency to the closest 300kHz raster which in this case would be 3564.9MHz. However, to ensure that the minimum size of guard bands, the corresponding RB should be "blanked". Of course, due to the reduction of one RB the resulting spectrum utilization will become worse, 82.8%. 
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Figure 2.1-2: RB blanking principle.
While it seems like a feasible workaround, it bears noting that this approach is identical to one of the solutions for a more generic problem being discussed by 3GPP and known as non-standard channel sizes. As an example, if an operator has e.g. 7MHz spectrum, then a UE can be configured with 10MHz channel and the corresponding RBs would be blanked to make the actual scheduled allocation fit the exact channel. However, as further discussed and well summarized in [10], one problem with this approach is that 3GPP emission requirements are based on the channel bandwidth, not the allocated RBs. As a result, the emissions requirements would be based on the wider channel bandwidth and there is no guarantee that regulatory emission requirements would be met. Thus, this approach might simply fail with legacy devices. It is also worth noting that 3GPP has been considering a new SI to investigate whether this solution is feasible or whether other approaches should be used [11].  
Observation 3a:	A solution based on RB blanking might fail regulatory requirements because 3GPP emission requirements are based on the configured channel, not on the number allocated RBs.
Observation 3b:	3GPP considers a new Rel-17 SI to investigate whether RB blanking is a feasible approach.

[bookmark: _Toc29903494][bookmark: _Toc29903504][bookmark: _Toc29905212][bookmark: _Toc37428258][bookmark: _Toc31969676][bookmark: _Toc31969698][bookmark: _Toc31969719][bookmark: _Toc32333245][bookmark: _Toc32333370][bookmark: _Toc32337291][bookmark: _Toc32409468][bookmark: _Toc32584690][bookmark: _Toc37350202][bookmark: _Toc37427888]Proposal 1:	Investigate further solutions based on 100kHz raster and RB blanking.

2.2	Sync pattern
2.2.1	Background
As discussed during the RAN4#92bis and RAN4#93 meetings, there can be overlaps between the LTE CRS and NR SSB transmissions [3][4]. As can be seen from the Figure 2.3-1 below, existing band n48 synchronization pattern C still can work for 1 and 2 port LTE transmission because the corresponding NR SSB can be transmitted in LTE OFDM symbols #1-2 and #8-9. However, if LTE uses 4 antenna port transmission, then all the sync pattern C NR SSB transmission opportunities overlap with the LTE CRS symbols. One solution to this problem is to introduce sync pattern B for band n48. Referring to the same Figure 2.3-1, the sync pattern B NR SSB can be transmitted in LTE OFDM symbols #2-3 even if the 4-port LTE transmission is used.

[image: ]
Figure 2.3-1: LTE CRS and NR SSB transmissions for 1ms sub-frame.

2.2.2	Potential solutions
One of the potential solutions to avoid LTE CRS and NR SSB overlaps is to leverage LTE MBSFN sub-frames so that LTE CRS can be muted in those sub-frames where NR SSB is expected. However, the problem is that LTE MBSFN configuration allows to mute only specific sub-frames, which are not the ones where NR SSB can be sent. Figure 2.3-2 below presents TDD configurations #1 and #2 considered by the CBRS alliance for band 48/n48. The LTE MBSFN can be enabled for sub-frames #3-4 and #7-8; but the NR SSB can be transmitted only in the first symbols of the half-sub-frame.  
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Figure 2.3-2: LTE MBSFN and NR SSB transmissions for 10ms frame.

Observation 3a:	NR sync pattern C can work with 1-2 port LTE deployments, but 4-port LTE CRS transmission will always collide with NR SSB.
Observation 3b:	NR sync pattern B can work with 4-port LTE deployments.
Observation 3c:	Since candidate LTE MBSFN sub-frames do not overlap with OFDM symbols where NR SSB is transmitted, LTE MBSFN cannot be considered as a viable solution to avoid overlaps (unless some further changes are introduced impacting other WGs).	
Based on the presented considerations, the most flexible solution would be to consider sync pattern B for band n48 so that 4-port LTE deployments can also be used. As discussed earlier in RAN WG4, the only concern is that band n48 overlaps with e.g. band n77, which uses sync pattern C. On the one hand, band n48 is only for US market and band n77 is deployed in EU region, so there should be no conflict. On the other hand, since a UE does not know band ID before it gets a sync and reads system information, it will have no choice but to test for both sync pattern B and C while scanning 3550–3700 MHz frequency range. Nevertheless, our understanding is that it will not cause any serious problem because there are other cases with overlapping bands where different patterns can be used. Having different sync patterns in the same frequency range might increase initial search time and cell selection process during the cold start, but once a UE camps on the operator serving cell, it will follow cell re-selection process and frequencies indicated by a particular operator. In the worst-case scenario, even if a UE fails to camp on e.g. band n48 or n77 because it does not find the synchronization signal, it will search for other bands and RATs. 
[bookmark: _Toc29905213][bookmark: _Toc31969679][bookmark: _Toc31969701][bookmark: _Toc31969722][bookmark: _Toc32333248][bookmark: _Toc32333373][bookmark: _Toc32337294][bookmark: _Toc32409471][bookmark: _Toc32584693][bookmark: _Toc37350204][bookmark: _Toc37427889][bookmark: _Toc37428259]Proposal 2:	Adopt sync pattern B for band n48 definition.
3	Conclusions
In this discussion paper we have presented our further views on the three major aspects needed for the dynamic spectrum sharing between LTE and NR on band n48. As a summary of our paper, our proposals are:
Proposal 1a:	Investigate further solutions based on 100kHz raster and RB blanking.
Proposal 2:	Adopt sync pattern B for band n48 definition.
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Annex A (excerpt from TS 38.101-1)
Table 5.2-1: NR operating bands in FR1
	NR operating band
	Uplink (UL) operating band
BS receive / UE transmit
FUL_low   –  FUL_high

	Downlink (DL) operating band
BS transmit / UE receive
FDL_low   –  FDL_high
	Duplex Mode

	n1
	1920 MHz – 1980 MHz
	2110 MHz – 2170 MHz
	FDD

	n2
	1850 MHz – 1910 MHz
	1930 MHz – 1990 MHz
	FDD

	n3
	1710 MHz – 1785 MHz
	1805 MHz – 1880 MHz
	FDD

	n5
	824 MHz – 849 MHz
	869 MHz – 894 MHz
	FDD

	n7
	2500 MHz – 2570 MHz
	2620 MHz – 2690 MHz
	FDD

	n8
	880 MHz – 915 MHz
	925 MHz – 960 MHz
	FDD

	n12
	699 MHz – 716 MHz
	729 MHz – 746 MHz
	FDD

	n14
	788 MHz – 798 MHz
	758 MHz – 768 MHz
	FDD

	n18
	815 MHz – 830 MHz
	860 MHz – 875 MHz
	FDD

	n20
	832 MHz – 862 MHz
	791 MHz – 821 MHz
	FDD

	n25
	1850 MHz – 1915 MHz
	1930 MHz – 1995 MHz
	FDD

	n28
	703 MHz – 748 MHz
	758 MHz – 803 MHz
	FDD

	n303
	2305 Mhz – 2315 MHz
	2350 MHz – 2360 MHz
	FDD

	n34
	2010 MHz – 2025 MHz
	2010 MHz – 2025 MHz
	TDD

	n38
	2570 MHz – 2620 MHz
	2570 MHz – 2620 MHz
	TDD

	n39
	1880 MHz – 1920 MHz
	1880 MHz – 1920 MHz
	TDD

	n40
	2300 MHz – 2400 MHz
	2300 MHz – 2400 MHz
	TDD

	n41
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD

	n48
	3550 MHz – 3700 MHz
	3550 MHz – 3700 MHz
	TDD

	n50
	1432 MHz – 1517 MHz
	1432 MHz – 1517 MHz
	TDD1

	n51
	1427 MHz – 1432 MHz
	1427 MHz – 1432 MHz
	TDD

	n65
	1920 MHz – 2010 MHz
	2110 MHz – 2200 MHz
	FDD4

	n66
	1710 MHz – 1780 MHz
	2110 MHz – 2200 MHz
	FDD

	n70
	1695 MHz – 1710 MHz
	1995 MHz – 2020 MHz
	FDD

	n71
	663 MHz – 698 MHz
	617 MHz – 652 MHz
	FDD

	n74
	1427 MHz – 1470 MHz
	1475 MHz – 1518 MHz
	FDD

	n75
	N/A
	1432 MHz – 1517 MHz
	SDL

	n76
	N/A
	1427 MHz – 1432 MHz
	SDL

	n77
	3300 MHz – 4200 MHz
	3300 MHz – 4200 MHz
	TDD

	n78
	3300 MHz – 3800 MHz
	3300 MHz – 3800 MHz
	TDD

	n79
	4400 MHz – 5000 MHz
	4400 MHz – 5000 MHz
	TDD

	n80
	1710 MHz – 1785 MHz
	N/A
	SUL 

	n81
	880 MHz – 915 MHz
	N/A
	SUL 

	n82
	832 MHz – 862 MHz
	N/A
	SUL 

	n83
	703 MHz – 748 MHz
	N/A
	SUL

	n84
	1920 MHz – 1980 MHz
	N/A
	SUL

	n86
	1710 MHz – 1780 MHz
	N/A
	SUL

	n90
	2496 MHz – 2690 MHz
	2496 MHz – 2690 MHz
	TDD5

	NOTE 1:	UE that complies with the NR Band n50 minimum requirements in this specification         shall also comply with the NR Band n51 minimum requirements.
NOTE 2:	UE that complies with the NR Band n75 minimum requirements in this specification         shall also comply with the NR Band n76 minimum requirements.
NOTE 3:	Uplink transmission is not allowed at this band for UE with external vehicle-mounted antennas.
NOTE 4:	A UE that complies with the NR Band n65 minimum requirements in this specification shall also comply with the NR Band n1 minimum requirements.
NOTE 5:	Unless otherwise stated, the applicability of requirements for Band [n90] is in accordance with that for Band n41; a UE supporting Band [n90] shall meet the requirements for Band n41.






Annex B (excerpt from TS 38.101-1):

Table 5.4.2.3-1: Applicable NR-ARFCN per operating band
	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

	n14
	100
	157600 – <20> – 159600
	151600 – <20> – 153600

	n18
	100
	163000 – <20> – 166000
	172000 – <20> – 175000

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

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

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

	n30
	100
	461000 – <20> – 463000
	470000 – <20> – 472000

	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

	n48
	15
	636667 – <1> – 646666
	636667 – <1> – 646666

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

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

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

	n65
	100
	384000 – <20> – 402000
	422000 – <20> – 440000

	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

	[n90]
	15
	499200 – <3> – 537999
	499200 – <3> – 537999

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

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