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1	Introduction 
Dynamic spectrum sharing (DSS) 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. There are several prerequisites for sharing LTE and NR within the same frequency band, such as aligned sub-carrier grids and no overlaps between the LTE reference signals and the NR synchronisation blocks. 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. This WI was further revised during the RAN#88 meeting accounting for the fact that the CBRS Alliance agreed to add 15kHz SCS as one of the mandatory options [3]. From the agreed WI perspective, the following issues have to be addressed: channel raster, UL shift, synchronisation pattern. In this discussion paper we elaborate further on each of the aforementioned points suggesting further changes to band n48 to enable DSS between LTE and NR. 

2	Channel raster for spectrum sharing in band 48/n48 
[bookmark: _Toc13821307][bookmark: _Toc13823307]2.1	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. 
[image: 3.5 Band Plan]
Figure 2.1-1: Overview of the CBRS band (3GPP band 48/n48).
Figure 2.1-1 illustrates that the CBRS band 3550-3650 MHz frequency range is logically partitioned into ten 10MHz channels to ease spectrum allocation and management process by the SAS entity and also between the SAS entities. Referring back to Observation 1a, even though a solution based on the 300kHz raster could be theoretically possible, it becomes almost unrealistic in the real-life deployments because not all the 10MHz channels are on the 300kHz raster, and some channels could be simply busy by incumbent services. Figure 2.1-2 illustrates further this 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 2.1-2: Exemplary 10MHz and 20MHz channel allocations with centre frequencies.
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.

2.2	Applying -/+100kHz shift to the centre frequency
2.2.1	Overview of solution
One of the approaches to align LTE and NR sub-carriers grids is to apply when needed -/+100kHz shift to the centre frequency. If the spectrum range allocated by SAS is not on the 300kHz raster, then the channel centre frequency can be shifted right or left, as exemplified on Figure 2.2-1 and 2.2-2. If the allocated spectrum is on the 300kHz raster, e.g. 3550 – 3560 MHz, then no shift would be 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. It is worth noting that shifting the centre frequency, when and if needed, will be decided by gNB and does not impact the SAS entity.  
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Figure 2.2-1: Applying -/+100kHz shift to the centre frequency (10MHz@30kHz SCS).
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Figure 2.2-2: Applying -/+100kHz shift to the centre frequency (10MHz@15kHz SCS).

As already mentioned earlier, applying -/+100kHz shift will be needed only to those channels, centre frequencies of which is not on the 300kHz raster, i.e. is not on the common raster between LTE 100kHz raster and the NR 15/30kHz SCS based raster. The table below presents several band 48/n48 10MHz channels, indicating when the shift would be applied, and which LTE ARFCN and NR ARFCN values would be used.  As an example, centre frequencies 3555MHz and 3585MHz are aligned on the 300kHz raster and thus there is no need to shift it by -/+100kHz. On the contrary to it, centre frequency 3565MHz is not aligned on the 300kHz raster, and the closest one is 3564.9MHz. The centre frequency 3575MHz is not aligned in the 300kHz raster either and the closest one would be 3575.1MHz. 
Observation 1c:	If the allocated frequency range is not strictly aligned on the 300kHz raster, then it is possible to shift the centre frequency by -/+100kHz to the closest NR ARFCN raster point.
Observation 1d:	The centre frequency shift will be applied by gNB, which does not require any changes in RAN WG4; and it does not impact SAS operation.


Table 2.2-3: Exemplary 10MHz channel centre frequencies aligned on the common LTE and NR raster
	Channel (MHz)
	Centre frequency (MHz)
	LTE ARFCN
	NR ARFCN
	MOD (300kHz)

	3550-3560
	3554.9
	55289
	x
	2

	
	3555
	55290
	637000
	0

	
	3555.1
	55291
	x
	1

	
	
	
	
	

	3560-3570
	3564.9
	55389
	637660
	0

	
	3565
	55390
	x
	1

	
	3565.1
	55391
	x
	2

	
	
	
	
	

	3570-3580
	3574.9
	55489
	x
	1

	
	3575
	55490
	x
	2

	
	3575.1
	55491
	638340
	0

	
	
	
	
	

	3580-3590
	3584.9
	55589
	x
	2

	
	3585
	55590
	639000
	0

	
	3585.1
	55591
	x
	1



While it seems like a feasible solution not requiring any further specification changes, it bears noting that by shifting centre frequency by -/+100kHz we will impact guard bands effectively reducing their size. Even worse, shrunk guard bands will not meet the minimum requirements, as specified in TS 38.101-1. Referring back to Figure 2.2-1 and Figure 2.2-2, the minimum guard band for 10MHz@30kHz SCS channel is 665kHz, while after shifting the centre frequency it will become 580kHz. And the problem becomes even more severe for smaller channel bandwidth and 15kHz SCS as show in Figure 2.2-2, in which the guard band will become 220kHz which is much smaller than required minimum of 312.5kHz. Thus, there is no guarantee that regulatory emission requirements will be met.
Observation 1e:	Shifting the centre frequency -/+100kHz will impact guard bands, and thus there is no guarantee that emission requirements still can be met.

Table 2.2-4: Minimum guardband for each UE channel bandwidth and SCS (kHz) (Table 5.3.3-1 from TS 38.101-1)
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	242.5
	312.5
	382.5
	452.5
	522.5
	592.5
	552.5
	692.5
	N/A
	N/A
	N/A
	N/A
	N/A

	30
	505
	665
	645
	805
	785
	945
	905
	1045
	825
	965
	925
	885
	845

	60
	N/A
	1010
	990
	1330
	1310
	1290
	1610
	1570
	1530
	1490
	1450
	1410
	1370



To understand the severity of the problem caused by shifting the centre frequency, we conduct a series of simulations. We analyse the maximum power reduction needed in a normal case with standard guard bands and when the centre frequency is shifted resulting in a smaller guard band, and for which because of that the larger power reduction might be needed. The following assumptions have been made for this analysis:
-	the UE maximum power is 23dBm;
-	we focus on 5-20MHz channel bandwidth at both 15kHz and 30kHz SCS because they are more vulnerable to centre frequency shift due to smaller guard bands;
-	since band n48 has a special NS_27 value that enforces a more stringent spectral emission mask, we present results separately for NS_01 and NS_27;
-	since NS_27 activates more stringent emission requirements for frequency ranges outside band n48, we simulate separate NS_27 "lower" and NS_27 "inner" cases; while NS_27 "inner" always has the centre frequency in the middle of the band n48, NS_27 "lower" has the centre frequency so that the transmission channel is right at the band edge;
-	as in similar methodologies, we present results for edge, outer, and inner RB.

Detailed results can be found in Appendix C-E, in which for every simulation case we present separately figures with the absolute power back-off values needed to meet emission requirements. In turn, table 2.2-5 and 2.2-6 below present a summary in a form of delta power back-off in dB, i.e. the one that has to be applied to meet emission requirements when the centre frequency is shifted.

Table 2.2-5: Power back-off needed to compensate for shrunk guard band (CP-OFDM). 
	Channel@SCS
	RB Allocation
	NS_01
	NS_27 (inner)
	NS_27 (lower)

	5MHz@15kHz
	Edge
	2.4
	1.9
	1.9

	
	Inner
	0.3
	0.2
	0.4

	
	Outer
	1.1
	1.1
	1

	
	
	
	
	

	10MHz@15kHz
	Edge
	1.3
	1.3
	1.2

	
	Inner
	0.4
	0.4
	0.1

	
	Outer
	1.1
	1.2
	1.2

	
	
	
	
	

	20MHz@15kHz 
	Edge
	0
	0
	0.1

	
	Inner
	0.1
	0.1
	0.6

	
	Outer
	1
	1
	0.5

	
	
	
	
	

	10MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0

	
	Outer
	0.8
	0.5
	0.8

	
	
	
	
	

	20MHz@30kHz
	Edge
	0
	0
	0.1

	
	Inner
	0
	0
	0.3

	
	Outer
	0.4
	0.6
	0.3





Table 2.2-6: Power back-off needed to compensate for shrunk guard band (DFT-s-OFDM). 
	Channel@SCS
	RB Allocation
	NS_01
	NS_27 (inner)
	NS_27 (lower)

	5MHz@15kHz
	Edge
	1.4
	1.0
	0.9

	
	Inner
	0
	0
	0

	
	Outer
	0.6
	0.5
	0.4

	
	
	
	
	

	10MHz@15kHz
	Edge
	0.6
	0.7
	0.6

	
	Inner
	0
	0
	0

	
	Outer
	0.7
	0.5
	0.6

	
	
	
	
	

	20MHz@15kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0.3

	
	Outer
	0.4
	0.5
	0.9

	
	
	
	
	

	10MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.4

	
	
	
	
	

	20MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0.2

	
	Outer
	0.2
	0.2
	0.5



The key points of the simulation results can be summarised as follows: 
-	The required power reduction is not large and varies depending on the transmission channel and guard bands; 
-	On average, DFT-s-OFDM requires smaller power back-off when compared to CP-OFDM; 
-	Due to more stringent requirements associated with NS_27, a case when the transmission channel is right at the band edge, NS_27 (lower), requires slightly higher power back-off;
-	As expected, larger power reduction is needed for those cases when guard bands are smaller. As the channel bandwidth and/or guard bands become larger, smaller power back-off can be applied upon shifting the centre frequency;
-	Edge RB allocations will require a relatively large power back-off only with small channel bandwidth when guard bands are small;
-	As the transmission channel become larger, it is the outer RB allocations that will require some power back-off whereas edge RB allocations might need no power reduction.  It is also worth noting that outer RB allocations require power back-off almost in any scenario. 
Observation 1f:	By applying power back-off when the centre frequency is shifted by -/+100kHz, we can ensure that emission requirements still can be met.
Observation 1g:	Edge, inner and outer allocations might always need some power back-off especially for small transmission channel bandwidth and/or sub-carrier spacing.
Based on the presented results, it is possible to arrive at the conclusion that we can align LTE and NR sub-carrier grids by shifting the centre frequency by -/+100kHz and performing power back-off.
[bookmark: _Toc46908875][bookmark: _Toc47300364][bookmark: _Toc47300577][bookmark: _Toc47347123][bookmark: _Toc47356412][bookmark: _Toc47452845][bookmark: _Toc47735527][bookmark: _Toc47737779][bookmark: _Toc47738067]Proposal 1a:	Adopt a solution based on the -/+100kHz shift of the centre frequency and applying additional power back-off.

2.2.2	Specification impact
Shifting the centre frequency by -/+100kHz does not require any big changes into the existing design and can be adopted easily with quite marginal specification changes impacting only RAN WG4. As already commented earlier, since we align LTE and NR sub-carrier grids by finding the closest raster point that is common for both LTE and NR, no further changes are need with regards to the raster design. It is effectively up to the operator preference and the base station implementation which centre frequency should be chosen.
As for the required power back-off to meet all the emission requirements when the guard bands are smaller, we can tackle separately DL and UL directions. 
-	DL direction. In general, we can assume that it can be left up to the base station implementation how to handle shrunk guard bands, especially accounting for the fact that the base station controls and knows whether the guard bands are smaller or not. It is also commonly the case that base stations have better filtering techniques and thus no power back-off maybe be needed at all. And if needed, it will be up to the base station design how much it will be. 
-	UL direction. As for the UL transmission, our preliminary understanding that a UE has to be informed whether guard bands are smaller or not because the UE does not know it, and thus cannot make a decision when to apply power back-off. Of course, one can devise some rule to "guess" that the centre frequency is shifted, but this is not reliable and might put further restrictions on deployment scenarios. As one particular example, SAS may allocate 20MHz to the operator, e.g. 3550-3570MHz, and if the operator decides to use DSS in 3560-3570MHz frequency range with the shifted centre frequency of 3564.9MHz, then still no power back-off could be applied as higher emissions will impact another carrier that belongs to the same operator. Based on that we anticipate some impact to TS 38.101-1. 

[bookmark: _Toc47347124][bookmark: _Toc47356413][bookmark: _Toc47452846][bookmark: _Toc47735528][bookmark: _Toc47737780][bookmark: _Toc47738068]Proposal 1b:	Introduce signalling to indicate explicitly to the UE that the centre frequency is shifted and thus the guard bands are smaller.

What should be discussed further in RAN WG4 is whether it is sufficient to have just an indication to the UE that the guard bands are smaller or whether we should also standardise maximum allowable power back-off values similar to the ones presented in Table 2.2-5 and 2.2-6. As explained earlier, even though shrunk guard bands require extra power back-off, it is still within existing MPR margins i.e. we do not need to introduce any A-MPR. From that perspective it can be left to UE implementation to decide by how much it has to back-off its power to meet all the requirements with shrunk guard bands because it will anyway be within the existing limits allowed by the specification. 
[bookmark: _Toc47735529][bookmark: _Toc47737781][bookmark: _Toc47738069]Proposal 1c:	Since extra power back-off needed for shrunk guard bands is still within existing MPR limits, it can be left up to the UE implementation.

If for any reason RAN WG4 concludes that it is beneficial to standardise those values, we can accommodate power back-off values based on the following principles:
-	We round up back-off values in 0.5dB step;
-	Since we round up values, we do not differentiate between CP-OFDM and DFT-s-OFDM results considering only CP-OFDM as it has higher back-off values;
-	Since it is anticipated that NS_27 will be always set in cells operating in band n48, we consider only NS_27 results;
-	For the sake of simplicity, we do not differentiate between NS_27 for band n48 edge and inner allocations i.e. we consider the highest back-off value amongst them;
Table 2.2-7: Exemplary allowed power back-off needed to compensate for shrunk guard band
	Channel@SCS
	RB Allocation
	

	5MHz@15kHz
	Edge
	2

	
	Inner
	0.5

	
	Outer
	1.5

	
	
	

	10MHz@15kHz
	Edge
	1.5

	
	Inner
	0.5

	
	Outer
	1.5

	
	
	

	20MHz@15kHz 
	Edge
	0.5

	
	Inner
	1

	
	Outer
	1

	
	
	

	10MHz@30kHz
	Edge
	0

	
	Inner
	0

	
	Outer
	1

	
	
	

	20MHz@30kHz
	Edge
	0.5

	
	Inner
	0.5

	
	Outer
	1



3	UL shift for LTE/NR spectrum sharing in band 48/n48 
3.1	Background
As already mentioned in section 2, one of the prerequisites for dynamic spectrum sharing between the LTE and NR carriers is the system ability to align sub-carrier grids of the LTE and NR systems. While DL grid alignment is ensured with the common raster points, UL sub-carrier grid alignment requires an additional higher layer parameter was added to the system information to indicate UL channel raster shift. As can be seen from Figure 3-1, having a common and aligned sub-carrier grid, the base station can decide flexibly how many RBs should be allocated for LTE or NR UEs. And if both LTE and NR use 15kHz SCS, then no inter-numerology guard-band is needed.
[image: ] 
Figure 3-1: Exemplary sub-carrier grid with 15kHz LTE and 15kHz NR RBs.
However, as follows from TR 38.822 and TS 38.101-1, this parameter is mandatory only for the FDD and SUL bands. In other words, a UE camped on the TDD bands is not anticipated to act on the corresponding parameter if it is signalled by the network. The problem was firstly identified for bands 41/n41 for LTE/NR spectrum sharing WI [1] and RAN WG4 agreed to introduce a new band to circumvent around the fact that channel raster shift is not a mandatory parameter for the NR TDD bands and to introduce new channel raster values. Referring to Table 5.2-1 from TS 38.101-1, band n90 was introduced which is effectively the same band as n41, but the network deploying LTE and NR on the same carrier will use band n90 to prevent legacy terminals from camping on that carrier. In turn, a UE supporting band n90 has to support UL channel raster shift parameter.
Referring to the latest agreements from the CBRS Alliance, both 15kHz and 30kHz SCS are the mandatory supported configuration. In other words, at least 15kHz SCS is a straightforward use case and configuration for dynamic spectrum sharing between the LTE and NR carriers. As for 30kHz SCS, according to RAN WG4 specifications, there are no particular requirements for the mixed-numerology deployments, and as Figure 3-2 presents, a particular network implementation may follow different strategies. If the network uses the common sub-carrier grid spanning over LTE and NR allocations, then it would be quite easy to ensure that inter-numerology guard band is either 15kHz or 30kHz SCS RB, or even zero RBs. The latter case is also feasible because even though 15kHz and 30kHz numerologies are not orthogonal, it will just cause additional emission to the neighbouring RB. And since the scheduling is done by the base station, the latter will be aware of it. As an example, if LTE and NR transmissions do not take 100% of UL resources, then it is quite natural to make an inter-numerology guard-band as it comes for free. For the 100% load scenario, it can be up to the network implementation and scheduling whether to schedule all RBs catering for better spectrum utilization (e.g. best effort service) or avoid unnecessary emissions to the neighbouring RB. 


[image: ]
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[image: ]
Figure 3-2: Exemplary sub-carrier grid for 15kHz LTE and 30kHz NR RBs.

Thus, enabling UL shift on band n48 will allow sub-carrier grid alignment which in turn can be used by the network for better resource utilization. And even though it can be viewed as a marginal optimization for 30kHz SCS and large carrier sizes, it will be a more noticeable improvement for 5 or 10MHz carriers which can be allocated by the SAS entity, especially accounting for the fact that 30kHz SCS RB will provide worse spectrum utilization than 15kHz SCS.
Observation 2a:	UL shift is needed for 15kHz SCS deployments to align UL sub-carrier grids between LTE and NR required for dynamic spectrum sharing.
Observation 2b:	UL shift can be viewed as a nonessential feature for 30kHz SCS if some inter-numerology guard band is always used by the network, but still can help to achieve better resource utilisation.
3.2	Potential solutions
As a summary of our observations, our view is that it is possible to contemplate further two major approaches: a) UL shift if a mandatory parameter for 15kHz SCS and is not supported for 30kHz SCS; or b) UL shift is a mandatory parameter for 15kHz SCS and can be optionally supported by a UE for 30kHz SCS. 
a)	UL shift is a mandatory parameter for 15kHz SCS and is not supported at all for 30kHz SCS. UL shift can be considered as a mandatory feature at least for 15kHz SCS. Following the same considerations as for other FDD bands and TDD band 41/n41, enabling UL shift will help DSS deployments for narrow channels that can be allocated by the SAS entity and for which an operator will apply 15kHz SCS. With this approach we also assume that UL shift is not supported at all for 30kHz SCS.
b)	UL shift is a mandatory parameter for 15kHz SCS and can be optionally supported for 30kHz SCS. This option is similar to option a), but at the same time we can keep UL shift as an optional feature for 30kHz SCS. The only downside of this approach is that it is not entirely clear what the overall system behaviour will be in a situation when the network enables UL shift for 30kHz SCS, but a UE does not support it. On the one hand, there is nothing that prevents a UE from camping on that cell; but it does not make much sense either because UL grid will be shifted. The most straightforward solution would be to prevent a UE from camping on the cell if its system information indicates UL shift and a UE does not support it. However, this behaviour is not captured now in RAN WG2 specifications, i.e. there is no rule for the UE side to consider the cell as barred if a UE does not support UL shift, but the network activates it.
Referring back to the approaches a) and b), one can see that they have a common denominator. Irrespective of the fact whether UL shift is optional for 30kHz SCS or mandated only for 15kHz SCS, it is better to clarify UE behaviour for the case when a UE camps on the cell, configuration of which enables UL shift for the given SCS, but a UE does not support. 
[bookmark: _Toc40442118][bookmark: _Toc40482825][bookmark: _Toc40483366][bookmark: _Toc40483535][bookmark: _Toc40483797][bookmark: _Toc47300367][bookmark: _Toc47300580][bookmark: _Toc47347127][bookmark: _Toc47356414][bookmark: _Toc47452847][bookmark: _Toc40442117][bookmark: _Toc40482824][bookmark: _Toc40483364][bookmark: _Toc40483533][bookmark: _Toc40483795][bookmark: _Toc47300365][bookmark: _Toc47300578][bookmark: _Toc47347125][bookmark: _Toc31969678][bookmark: _Toc31969700][bookmark: _Toc31969721][bookmark: _Toc32333247][bookmark: _Toc32333372][bookmark: _Toc32337293][bookmark: _Toc32409470][bookmark: _Toc32584692][bookmark: _Toc37350203][bookmark: _Toc37428960][bookmark: _Toc37431002][bookmark: _Toc37432113][bookmark: _Toc37432172][bookmark: _Toc47735530][bookmark: _Toc47737782][bookmark: _Toc47738070]Proposal 2a:	Introduce UL shift as a mandatory UE feature at least for 15kHz SCS (on band n48).
[bookmark: _Toc47356415][bookmark: _Toc47452848][bookmark: _Toc47735531][bookmark: _Toc47737783][bookmark: _Toc47738071]Proposal 2b:	Ask RAN WG2 to clarify UE behaviour when a UE camps on the cell with enabled UL shift, but a UE does not support UL shift functionality for a particular SCS.

4	Sync pattern for spectrum sharing in band 48/n48 
4.1	Background
As discussed during the previous RAN4 meetings, there can be overlaps between the LTE CRS and NR SSB transmissions. As can be seen from the Figure 4-1 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 4-1, the sync pattern B NR SSB can be transmitted in LTE OFDM symbols #2-3 even if the 4-port LTE transmission is used.
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.

[image: ]
Figure 4-1: LTE CRS and NR SSB transmissions for 1ms sub-frame.
It also worth noting that 4-port LTE transmission is a widely deployed feature, which is also commonly supported by different UE vendors. Figure 4-2 below shows MIMO activation statistics gathered from three major US carriers for the LTE 4x4 MIMO capable devices. The statistics is based on total number of 2x2 and 4x4 MIMO activations for the period of one month, which was collected from 4x4 MIMO capable UEs and divided by the number of UEs, i.e. it can be construed as average number of LTE MIMO activations per UE. As can be seen from the picture, in all the major networks LTE 4x4 MIMO is being aggressively activated (and reasons for only 2x2 MIMO activation are multi-fold, e.g. coverage, site support, etc). It is also worth noting that since every operator has a different number of UEs, deployments, and MIMO activation strategies, the figure naturally shows different average number of MIMO activations per a UE. Nevertheless, the relative ratio between 2x2 and 4x4 MIMO is very close across all the operators showing importance of the 4-port LTE transmission modes.
Observation 3b:	4-port LTE transmission modes are widely supported by UEs and used in commercial deployments.


Figure 4-2: Average number of LTE MIMO activations.
Furthermore, since band n48 spectrum is managed dynamically by the SAS entity, an operator cannot be sure that he will have a large channel bandwidth; and in certain cases, the allocated spectrum can be rather small. In this case 4-port LTE transmission becomes quite a crucial feature allowing for better spectrum utilisation of scarce radio resources.
Observation 3c:	Since the band n48 spectrum is managed by the SAS entity and allocated channels can be rather small, the 4-port LTE transmission feature becomes even more important allowing to achieve better spectrum utilisation.

4.2	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 4-3 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.  
[image: ]
Figure 4-3: LTE MBSFN and NR SSB transmissions for 10ms frame.

Observation 3d:	NR sync pattern B can work with 4-port LTE deployments.
Observation 3e:	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. However, as discussed earlier in RAN WG4, there are several concerns with that approach which mostly relate to the fact that band n48 overlaps with other bands, e.g. band n77 and band n78, as can be seen from Figure 2.2-2. It should be noted that there is also C-band, for implementation of which band n77 was chosen. However, since the actual C-band does not overlap with band n48, there should be no concern with it.
Observation 3f:	C-band does not overlap with band n48, even if it is implemented by band n77.
Observation 3g:	The main concern is band n77/n78 overlapping with band n48.
Firstly, even though band n77 and n78 overlap with band n48, this happens only for 150MHz in 3550-3700MHz frequency range. So, potential performance impact will be limited and will not concern the whole band n77/n78. Furthermore, band n48 and n77/78 are deployed in different geographical areas. It means that a UE knows from its SIM subscription and geographical location which patterns it should be probe while scanning for a particular range. As an example, a UE with EU subscription located in EU will not probe for pattern B while scanning 3550-3700MHz range. Similarly, a UE with US subscription in US will probe for both patterns B and C while scanning the 3550-3700MHz frequency range. All these optimisations are already used by UEs, which instead of trying blindly different RATs and frequencies, use the subscription information to decide which RAT should be probed first and for which frequencies. In the worst-case scenario, a UE might unnecessarily probe for both patterns B and C, which will happen only in the overlapping range of 3550-3700MHz, outside of which only pattern C can be used. Nevertheless, our understanding is that it will not cause any serious problem. 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. 
Another concern expressed during previous meetings was increased power consumption. However, overall power consumption while searching for SSB is rather marginal when compared to the UE power consumption when it exchanges data with the network in the CONNECTED state. It becomes an issue only when a UE constantly and continuously searches for available networks potentially probing not only different NR bands, but also different RATs. In this case however adding sync pattern B to band n48 will have only marginal effect. 

[image: ]
Figure 4-4: 3GPP NR bands n48, n77, n78, and the C-band.
During RAN4#95 meeting it was discussed whether synchronisation pattern B can be added directly to band n48 or whether a new band shall be instantiated for this purpose. In the latter case, there were concerns that if a new band is introduced then it might segment further UE ecosystem, which is obviously not desirable from the overall system perspective. Thus, it should be discussed further which approach is better. 
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[bookmark: _Toc47737785][bookmark: _Toc47738073]Proposal 3b:	It should be discussed further whether sync pattern B can be added to band n48 definition or whether a new band shall be introduced.
3	Conclusions
[bookmark: _GoBack]In this discussion paper we have presented our further views on the problem of the channel raster for dynamic spectrum sharing between LTE and NR on band n48. As a summary of our paper, since it is clear that an operator cannot rely on the fact the SAS entity will allocate the frequency range aligned on the 300kHz raster, some solution is needed. Amongst possible approaches identified at the moment, it seems that shifting centre frequency -/+100kHz can achieve required alignment with quite marginal specification changes and resulting impact to the overall system performance. 
Proposal 1a:	Adopt a solution based on the -/+100kHz shift of the centre frequency and applying additional power back-off.
Proposal 1b:	Introduce signalling to indicate explicitly to the UE that the centre frequency is shifted and thus the guard bands are smaller.
Proposal 1c:	Since extra power back-off needed for shrunk guard bands is still within existing MPR limits, it can be left up to the UE implementation.
Proposal 2a:	Introduce UL shift as a mandatory UE feature at least for 15kHz SCS (on band n48).
Proposal 2b:	Ask RAN WG2 to clarify UE behaviour when a UE camps on the cell with enabled UL shift, but a UE does not support UL shift functionality for a particular SCS.
Proposal 3a:	Adopt synchronisation pattern B.
Proposal 3b:	It should be discussed further whether sync pattern B can be added to band n48 definition or whether a new band shall be introduced.
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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




Annex C: 5MHz@15kHz SCS (CP-OFDM)
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Figure C-1: NS_01 without shift (left) and with shift (right).
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Figure C-2: NS_27 inner band without shift (left) and with shift (right).
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Figure C-3: NS_27 lower edge without shift (left) and with shift (right).
Annex D: 10MHz@15kHz SCS (CP-OFDM)
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Figure D-1: NS_01 without shift (left) and with shift (right).
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Figure D-2: NS_27 inner band without shift (left) and with shift (right).
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Figure D-3: NS_27 lower edge without shift (left) and with shift (right).

Annex E: 20MHz@15kHz SCS (CP-OFDM)
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Figure E-1: NS_01 without shift (left) and with shift (right).
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Figure E-2: NS_27 inner band without shift (left) and with shift (right).
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Figure E-3: NS_27 lower edge without shift (left) and with shift (right).

Average number of LTE MIMO activations per UE / month

Operator #1	2x2 MIMO	4x4 MIMO	15126742.359529931	103407945.90624076	Operator #2	2x2 MIMO	4x4 MIMO	18792096.959940653	156204265.83707201	Operator #3	2x2 MIMO	4x4 MIMO	38627870.806809187	205855873.7531319	
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