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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. After the RAN#86 meeting, a new WI was agreed aiming to analyse and introduce, if needed, changes to support dynamic spectrum sharing in band 48/n48 frequency range. 
This document aims at capturing outcome of the email discussion focusing on required changes, if any, needed to support the aforementioned functionality.
Topic #1: LTE/NR spectrum sharing in band 48/n48
Main technical topic overview. The structure can be done based on sub-agenda basis. 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2007441
	Intel
	The contribution shows that 100 kHz offset from 300 kHz channel raster grid does not happen always and the spectrum utilization can be further enhanced depending on wider spectrum allocation, especially with 20 or 40 MHz.

	R4-2007791
	Ericsson
	Proposal 1: Do not apply a 100kHz channel raster.
Proposal 2: Do not apply 7.5kHz sub-carrier shift in UL.
Proposal 3: Do not apply any change for the existing specifications.

	R4-2007086
	OPPO
	Proposal 1: Keep existing SCS-based channel raster with no changes to the specifications.
Proposal 2: A UE is not mandated to support UL 7.5kHz shift.
Proposal 3: Keep existing sync pattern C.

	R4-2006871
	Google Inc.
	Proposal 1: The channel raster should keep no changes to the specification.
Proposal 2: The UL shift should keep no changes to the specification
Proposal 3: In order to speed up the progress, any discussion related to n48 15KHz SCS should be precluded to align with the WID.   

	R4-2006336,
revised to R4-2008288
	Apple Inc.
	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.
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.
Observation 2a:	Adding 100kHz raster to band n48 will trigger specification changes also in other WGs.
Observation 2b:	Existing SSB reference frequencies for bands above 3GHz do not allow for placing channel at any arbitrary 100kHz raster point.
Observation 2c:	More SSB reference frequency points can be added (e.g. specifically to band n48), but that will require further investigations for exact implementation impact.
Observation 3a:	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 3b:	The centre frequency shift will be applied by gNB, which does not require any changes in RAN WG4; and does not impact SAS operation.
Observation 3c:	Shifting the centre frequency -/+100kHz will impact guard bands, and thus there is no guarantee that emission requirements still can be met.
Observation 3d:	By applying power back-off when the centre frequency is shifted by -/+100kHz, we can ensure that emission requirements still can be met.
Observation 3e:	Edge allocations might always need some power back-off accounting for particular implementations.
Proposal:	Consider further a solution based on the -/+100kHz shift of the centre frequency.

	R4-2006337
	Apple Inc.
	Observation 1a:	Due to the dynamic nature of allocated spectrum on band n48, the SAS entity may allocate a small channel, e.g. as small as 5MHz, for which 15kHz SCS would most likely be used.
Observation 1b:	UL shift is needed for 15kHz SCS deployments to align sub-carrier grids between LTE and NR thus achieving better resource utilization.
Observation 1c:	UL shift can be considered as not essential feature for 30kHz SCS if some inter-numerology guard band is always used by the network.
Proposal 1a:	Ask RAN WG2 to clarify UE behaviour when a UE camps on the cell with enabled UL shift.
Proposal 1b:	If a UE does not support UL shift, then it can consider the cell as barred if the cell configuration has enabled UL shift.
Proposal 2:	Consider introduction of UL shift as a mandatory UE feature only for 15kHz SCS (on band n48).

	R4-2006338,
revised to R4-2008289
	Apple Inc.
	Observation 1a:	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 1b:	4-port LTE transmission modes are widely supported by UEs and used in commercial deployments.
Observation 1c:	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.
Observation 2a:	NR sync pattern B can work with 4-port LTE deployments.
Observation 2b:	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).
Observation 3a:	C-band does not overlap with band n48, even if it is implemented by band n77.
Observation 3b:	The main concern is band n77/n78 overlapping with band n48.
Proposal:	Adopt synchronisation pattern B for band n48 definition.

	R4-2006588
	Nokia, Nokia Shanghai Bell
	Observation 1: The transmission bandwidth configuration shall be configured as symmetric as possible to support the maximum transmission bandwidth configuration.
Observation 2: Any 30 kHz NR channel raster can be used for DSS operation with 100 kHz LTE channel raster; it is not restricted to 300 kHz.
Proposal 1: NR channel raster for n48 is kept as it is already in the RAN4 specs.
Proposal 2: Uplink subcarrier shift is not introduced to n48.
Observation 3: Only with sync pattern C, 4 port LTE CRS can be still deployed if NR SSB/PBCH puncturing is used without loss in LTE performance, however, the significant performance loss is expected in NR cell search.
Observation 4: Addition of sync pattern B will benefit the deployment of 4 port LTE CRS without performance impact in NR cell search while it may have certain impact to UE implementation (such as power consumption, etc.) due to multiple hypothesis in sync detection.
Proposal 3: It is proposed to add pattern B to the sync raster to support 4 port LTE.



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Channel raster
The 3GPP band 48/n48 (also known as the CBRS band) spectrum is managed dynamically by a so-called SAS entity based on requests from CBRS operators and incumbent services. Thus, an operator does not know in advance how much spectrum the SAS entity will allocate and in which frequency range within the band. Furthermore, since the NR band n48 uses the SCS based 15/30kHz raster, and the LTE band 48 uses 100kHz raster, it is not straightforward to align NR and LTE center frequencies.  
One of the most straightforward solutions is to use 300kHz "raster", which is effectively the least common multiple of the LTE 100kHz raster and NR 30kHz raster. However, since spectrum allocation is done by SAS and is not controlled by operator, there is no guarantee that allocated spectrum will be on the 300kHz raster. As further elaborated in Appendix A, there are only certain channels center frequencies of which are on the 300kHz raster, whereas other channels are not. 
Issue 1-1: Channel raster
-	Proposals:
-	Option 1: Keep existing SCS based raster (i.e. no changes to the specifications);
-	Option 2: void (previously, addition of 100kHz channel raster);
-	Option 3: Keep existing SCS based raster, but if the allocated spectrum is not on the 300kHz raster, then the channel center frequency can be shifted by +/- 100kHz to the closest 300kHz raster (refer to Appendix A.2 for more technical information).
-	Recommendation for further discussion:
-	Overview: With option 1, there are only certain channels, centre frequencies of which are aligned on the 300kHz raster. However, the main concern is the fact that since the SAS entity allocates spectrum then there is no guarantee that the allocated spectrum will be aligned on the 300kHz raster. Option 2 (adding 100kHz raster) will solve the problem but based on the feedback from many companies, it will create too big specification impact. Option 3 does not need any changes in the SCS-based raster, but it will require power back-off to meet all the regulatory requirements.
-	Summary: Since Option 3 keeps the SCS based raster, it is proposed to focus further on Option 3 as a potential compromised solution. 
-	NOTE: While expressing a view against or in favour of a particular option, it is suggested to provide a short summary or reasons for a particular view (especially how it addresses concerns from other companies). 

UL shift
The dynamic spectrum sharing feature requires sub-carrier grid alignment between LTE and NR in both DL and UL directions, for which a special "UL shift" parameter was introduced. This parameter is mandatory for all the FDD/SUL bands and was made mandatory for the TDD band n41/n90. It has been discussed whether UL shift parameter should be also mandatory for the NR TDD band n48. On the one hand, it is anticipated that most of the CBRS band deployments will use 30kHz SCS, and thus UL shift is not be considered as an essential feature because some inter-numerology guard band will be anyway needed. On the other hand, some operators do not exclude 15kHz SCS for small channels allocated by SAS, and thus UL shift would be still beneficial.
Issue 1-2-1: UE support for UL shift
-	Proposals:
-	Option 1: UE support for UL 7.5kHz shift is not mandatory on band n48;
-	Option 2: void (previously, UE support for UL 7.5kHz shift is mandatory on band n48 for both 15 and 30kHz SCS);
-	Option 3: UE support for UL 7.5kHz shift is mandatory only for 15kHz SCS on band n48.
-	Recommendation for further discussion:
-	Overview: Based on the expressed observations and proposals, UL 7.5kHz is not considered as an essential feature for 30kHz SCS if a large inter-numerology guard band is always used. Furthermore, several companies have indicated that the CBRS band aims at 30kHz SCS deployments. On the other hand, it is true that the CBRS alliance mandates only 30kHz SCS, but it does not preclude 15kHz SCS deployments. There is also a possibility that SAS allocates 5MHz channel, for which 30kHz SCS is not possible at all and thus 15kHz SCS would be the only possible option. 
-	Summary: Accounting for the feedback from operators not to exclude completely 15kHz SCS deployments, it is suggested to consider whether Option 3 still can be acceptable. UL shift will not be mandatory for UE for 30kHz SCS, but only for 15kHz SCS.
-	NOTE: While expressing a view against or in favour of a particular option, it is suggested to provide a short summary or reasons for a particular view (especially how it addresses concerns from other companies).

Issue 1-2-2: UE behavior when UL shift is optionally supported by UE
-	Proposals:
-	If a UE does not support UL shift (e.g. for 15kHz or 30kHz SCS, or both), then it can consider the cell as barred if the cell configuration has enabled UL shift.

Sync pattern
The NR band n48 uses sync pattern C for the NR SSB transmission. It works with 2-port LTE transmission, i.e. there are NR SSB instances that do not collide with LTE CRS. However, once 4-port LTE transmission is activated, then more LTE symbols are used for CRS, whereupon all the NR SSB instances would collide with the LTE CRS. The major concern is that 4-port LTE transmission will be possible only in non-DSS deployments, but it shall be deactivated if DSS is enabled, which is not preferred by operators who plan to deploy 4-port LTE in band 48. One of the potential solutions would be to consider sync pattern B. However, since the NR band n48 partially overlaps with NR band n77, there is a concern that it would increase cell search time.  Refer to Appendix C.1 for more technical information.
Issue 1-3: Sync pattern
-	Proposals:
-	Option 1: Keep existing pattern C (no changes to the specifications);
-	Option 2: Adopt pattern B;
-	Recommendation for further discussion:
-	Overview: Option 1 can be used if only 2-port LTE transmission are considered for the CBRS band, and as expressed by several CBRS operators 4-port LTE transmission is a valid use case with DSS. Option 2 might increase cell search time for certain scenarios, e.g. out-of-coverage scenarios, but as expressed by several companies the overall impact is considered as very marginal.
-	Summary: Discuss further about the actual performance impact from adding sync pattern B to conclude whether this change can be acceptable or not.
-	NOTE: While expressing a view against or in favour of a particular option, it is suggested to provide a short summary or reasons for a particular view (especially how it addresses concerns from other companies).

Companies views’ collection for 1st round 
Open issues 
	Company
	Comments

	Sa
	Issue 1-1: option 1 is preferred. 
But would like to clarify the specification impact due to option 3, it seems the option 3 could be supported by implementation already, which also has no impact on existing specification. That means option 1and option 3 are identical. Is this common understanding?
Issue 1-2: Currently the UL shift 7.5KHz is mandatory without signaling for bands addressed in TS38.101-1 and TS38.104. If we enable this for certain as optional, there would be impact on signaling design. If this (7.5 kHz) is to be included as mandatory as scenario dependent there is no difference compared with mandatory for UE in this band.
Issue 1-3: Option 1 is preferred .
Issue 1-2-3:
Other comments (if applicable):

	Qualcomm Incorporated
	Issue 1-1:  We prefer Option 1 no change to specification.  For option 3, we would need to better understand what the implication to the specification.  Is the MPR to be specified?  If so, the values would need to be checked.  Would it be under modifiedMPRbehavior?  Would it be mandatory? 
Issue 1-2-1:  Option 1.  Mandatory 7.5 kHz shift for 15 kHz SCS on Band n48 is NBC and unacceptable.  And it is out of scope of the work item.
Issue 1-3:  Option 1 to keep pattern C.  Introducing a new pattern is NBC for the band.  If a new pattern is really needed, then a new band could be defined.  Otherwise, it can be noted that 4-port CRS with DSS is not supported by 3GPP specifications in Band 48/n48.

	Apple
	Issue 1-1: Answering questions from Samsung and Qualcomm regarding Option 3 and the potential specification impact. According to our analysis, we do not need to define new MPR because an additional power back-off that a UE needs to apply is within the existing MPR margins defined in sub-clause 6.2.2. In that sense one can indeed argue that there is no specification impact. However, are we sure that a UE is indeed going to apply an additional power back-off if we do not mention it in the specification? If a UE follows the specification the way it is written, it does not have to apply power back-off to meet emission requirements due to shrunk guard bands. And speaking of guard bands, we need to check the following statement in 5.3.3, “The number of RBs configured in any channel bandwidth shall ensure that the minimum guardband specified in this clause is met”. So, from the network and operator perspective, it seems that we do need to mention something in the specification. We can discuss whether we need to capture exact additional power back-off values as suggested in our paper: the advantage is that if we capture them then they will define the maximum limit on what a UE can apply; the disadvantage is that it will need further calibration.

Issue 1-2-1: If making UL shift for band n48 is not acceptable (due to NBC), then one of the options we have is to define a new band, for which UL shift would be mandatory. Nevertheless, we would like to hear more comments about issue 1-2-2 because that could be a potential compromise without defining a new band. 

Issue 1-3: If defining a new band to enable sync patter B is the only possible solution, we can explore it further.    

	Ericsson
	Issue 1-1:  We support Option 1.
Issue 1-2-1:  We support Option 1.
Issue 1-3:  We support Option 1.

	CableLabs
	Issue 1-1:
100 kHz channel raster is still the cleanest solution, but we understand the technical difficulty to change NR-ARFCN and GSCN lists.
300 kHz raster: we appreciate Apple’s analysis about MPR with +/- 100 kHz shift. The MPR is smaller than what we expected. I believe Apple’s analysis is for UE. How about MPR at base station with +/-100 kHz shift? Does any base station vendor company have an estimation? On one hand, base station transmits at higher power level and the FCC SEM is an absolute limit of -13 dBm/MHz at band n48 channel edge, so base station spectrum needs to roll-off faster than UE that may require larger MPR than UE. One the other hand, base station typically uses filters, amplifiers and other RF components with much better performance that may require smaller MPR than UE. It will be helpful to understand MPR at base station.
Issue 1-2-2: If 15 kHz SCS is supported by NR in band n48, we would support option 3 that UE support 7.5 kHz UL shift is mandatory. Apple’s proposal of defining a new band and re-define parameters such as UL shift and Sync pattern is an interesting approach. It might be worth thinking as a WF.

	Nokia
	Issue 1-1:  We support Option 1.
Issue 1-2-1:  We support Option 1.
Issue 1-3:  We support Option 2.

	Google
	Issue 1-1:  Support Option 1.
Issue 1-2-1: Support Option 1.
Issue 1-3: Support Option 1.
We support the NBC is the important issue for n48 DSS if some companies whose n48 products are in the development stage. For UL shift, it is out of work item scope to discuss 15KHz SCS and should be precluded from any discussion. We suggest there should be a new work item for 15KHz SCS and we can be the supporting company. If a new band is proposed for n48 DSS to include new channel raster and new sync pattern, we can support that new band proposal.   

	Comcast
	Issue 1-1:
We agree with the comments from Apple & CableLabs.  We think also think that 100kHz raster is the cleanest solution to align, however appreciate the specification complexity with that approach. 
We also appreciate the analysis from Apple regarding MPR for the +/- 100kHz shift approach which would impact GB for some of the channels allocated by SAS in this band.  We would like to ensure the necessary changes to the existing specification are included as a result of this discussion to ensure network & UE compliance where MPR needs to be applied.
From the proponents of Option 1, we would like further to understand how we can ensure UEs will apply additional power back-off without noting it out in the specification.
Issue 1-2-1:
For 15kHz SCS we support Option 3.  Our concern would be that if 15kHz SCS will be supported then not addressing this now would impair the use of DSS with 15kHz SCS as outlined in the overview. We are also open to supporting a new work item to address this.
Issue 1-3:
We support Option 2.  For a DSS configuration 4 port CRS can improve the DL user experience for UEs whose RF condition show good Rank 4 spatial diversity.  For optimal DSS performance for UEs which are LTE only we support the option which would implement 4 port CRS.


 
CRs/TPs comments collection
Major close-to-finalize WIs and Rel-15 maintenance, comments collections can be arranged for TPs and CRs. For Rel-16 on-going WIs, suggest to focus on open issues discussion on 1st round.
	CR/TP number
	Comments collection

	XXX
	Company A

	
	Company B

	
	

	YYY
	Company A

	
	Company B

	
	



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	1-1 Channel raster
	Summary of comments: 
-	5 companies prefer option 1, i.e. no change to the specification, out of which 1 company indicated that option 3 could be Ok, but the overall specification impact is not clear. 
-	3 companies, out of which are 2 CBRS operators, expressed the preference for option 3 as a compromised solution that does not require introduction of 100kHz raster, but will rely on additional power back-off to mitigate the problem of shrunk guard bands. 

Recommendations for the 2nd round: 
-	We do not consider adding 100kHz raster to band n48.
- 	For option 1 versus option 3, one of the main questions is whether option 3 requires any specification changes and, if so, what those potential changes are (it should be noted that option 3 relies upon the same SCS based raster i.e. there are no changes in the channel raster design).
- 	The recommendation for the 2nd round will be to compile an overview of potential specification changes required for option 3. 


	1-2-1 UL shift (optional vs mandatory)
	Summary of comments: 
-	5 companies prefer option 1 (i.e. UL shift is not mandatory for the UE on band n48), out of which 1 company indicated that it could be Ok if a new band is introduced.
-	3 companies, out of which are 2 CBRS operators, expressed the preference to have UL shift, at least for 15kHz SCS. 1 CBRS operator also indicated that it could be Ok to have a new band to enable UL shift.

Recommendations for the 2nd round: 
-	We can conclude that we do not consider making UL shift as mandatory for band n48.
- 	Instead, we can consider defining a new band so that a UE supporting this band will also support UL shift. 


	1-2-2 UL shift (UE behavior)
	Summary of comments: 
-	1 company suggested to clarify UE behavior. If a UE does not support UL shift, but the cell configuration has UL shift enabled in the system information, then a UE can consider this cell as barred. 

Recommendations for the 2nd round: 
-	Since there were no objections to consider this clarification, we suggest drafting LS to RAN2 to add the corresponding clarification for the UE behavior.


	1-3 Sync pattern
	Summary of comments: 
-	4 companies prefer option 1, i.e. keep existing pattern C, out of which 2 companies indicated that a new band could be defined to accommodate sync pattern B. 
-	4 companies, out of which are 2 CBRS operators, expressed an interest in having sync pattern B to allow DSS with 4-port LTE CRS. 

Recommendations for the 2nd round: 
-	Due to NBC issues, we can conclude that we do not add sync pattern B to band n48.
- 	However, to enable sync pattern B we can consider defining a new band. 




Recommendations on WF/LS assignment 
	
	WF/LS t-doc Title 
	Assigned Company,
WF or LS lead

	#1
	
	





CRs/TPs
Moderator tries to summarize discussion status for 1st round and provides recommendation on CRs/TPs Status update 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)

Summary on 2nd round (if applicable)
Moderator tries to summarize discussion status for 2nd round and provided recommendation on CRs/TPs/WFs/LSs Status update suggestion 
	CR/TP/LS/WF number
	T-doc  Status update recommendation  

	XXX
	Based on 2nd round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”
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Appendix A.1: Overview of the CBRS band 
Figure A.1-1 shows band plan for the CBRS band (3GPP band 48/n48). Several tiers are defined for this band: the first tier is incumbent services that include authorized federal users and Fixed Satellite Service (space-to-Earth) earth stations; the second tier consists of Priority Access Licenses (PALs) that will be licensed on a county-by-county basis; the third tier offers flexible access to the band for the widest possible group of potential users. It should be noted that each PAL channel is 10MHz within the 3550-3650 MHz band, whereupon no more than seven PALs can be issued in any county and a licensee can aggregate up to four PAL channels in one county. 
Access and operations will be managed by an automated frequency coordinator, known as a Spectrum Access System (SAS). SASs will coordinate operations between and among users in three tiers: Incumbent Access, Priority Access, and General Authorized Access.
[image: 3.5 Band Plan]
Figure A.1-1: Overview of the CBRS band (3GPP band 48/n48).

SAS entity manages and allocates spectrum in the CBRS band whereupon SAS cannot and will not guarantee that a particular channel will be allocated because it can be already allocated to another PAL user or be occupied by incumbent services. It complicates deployment of the DSS feature, for which sub-carrier grid alignment is needed and for which 300kHz raster can be considered as the implementation specific solution. As Figure A.1-2 illustrates, there are only certain channels (highlighted in red), centre frequencies of which are on the 300kHz raster.  
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Figure A.1-2: 10MHz and 20MHz channels with centre frequencies (R4-2008288).


Appendix A.2: Applying -/+100kHz offset to the centre frequency
The CBRS band spectrum is managed by the SAS entity in 10MHz chunks with centre frequencies aligned on the 100kHz raster. However, not all the 10MHz channel centre frequencies are aligned on the 300kHz raster. As an example, 3555MHz is aligned on the 300kHz raster, but 3565MHz channel is not. One way to circumvent around the problem is to shift, when needed, the channel centre frequency by -/+100kHz to make it aligned on the 300kHz raster. The table A.2-1 below shows several 10MHz channels with the corresponding centre frequencies and the closest -/+100kHz channel aligned on the 300kHz raster. 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 3564.9. 
Table A.2-1: Exemplary 10MHz channel centre frequencies (R4-2008288). 
	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



Figure A.2-1 illustrates same concept showing how the centre frequency is shifted left or right depending on a particular 10MHz CBRS channel. 


Figure A.2-1: 10MHz channel mapping onto 300 kHz channel grid (R4-2007441).

The problem with shifting centre frequency by -/+100kHz is that guard bands will shrink and thus will not meet the minimum RAN4 requirements. As can be seen from the figure A.2-2 below, 3550-3560MHz channel has centre frequency on 3555MHz, which is aligned on the 300kHz raster leaving guard bands unchanged. In case of the 3560-3570MHz channel, we need to choose 3564.9MHz centre frequency, which will inevitably decrease the guard band size.
[image: ]
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Figure A.2-2: Example of shifting centre frequency by 100kHz (R4-2008288).



The table below shows minimum guard bands for different channel bandwidths and sub-carrier spaces. As can be seen from the table, the smaller channel bandwidth and/or sub-carrier spacing is, the smaller guard band is needed. Then, shifting the centre frequency by -/+100kHz might have an impact on OOB emission requirements.

Table A.2-2: Minimum guardband for each UE channel bandwidth and SCS (kHz)
	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 ensure that all the emission requirements are met, it is possible to apply additional power back-off, for which the corresponding analysis was done in R4-2008288. It is analysed which maximum power reduction that would be needed in a normal case and when the centre frequency is shifted resulting in a smaller guard band, and for which because of that the larger power reduction is applied. 

Table A.2-3: Additional 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
	2
	2

	
	Inner
	0.5
	0.5
	0.5

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@15kHz
	Edge
	1.5
	1.5
	1.5

	
	Inner
	0.5
	0.5
	0.5

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5



Table A.2-4: Additional 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
	1.5
	1.0
	1.0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@15kHz
	Edge
	1.0
	1.0
	1.0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5

	
	
	
	
	

	10MHz@30kHz
	Edge
	0
	0
	0

	
	Inner
	0
	0
	0

	
	Outer
	0.5
	0.5
	0.5









Appendix C.1: Synchronisation pattern for the NR band n48
This section provides additional technical input for the synchronization pattern for the NR band n48.
As can be seen from the Figure C.1-1 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. 
[image: ]
Figure C.1-1: LTE CRS and NR SSB transmissions for 1ms sub-frame (R4-2008289).

One solution to this problem is to introduce sync pattern B for band n48. Referring to the same Figure C.1-1, the sync pattern B NR SSB can be transmitted in LTE OFDM symbols #2-3 even if the 4-port LTE transmission is used. The potential problem with adding synchronization pattern B to NR band n48 is illustrated on Figure C.1-2. Since NR band n48 overlaps with other NR bands, n77 and n78, a UE implementation might need to probe for both sync patterns B and C while scanning for 3550-3700MHz frequency range. It should be noted that since C-band does not overlap with band n48, there is no conflict between the US CBRS band and the C-band because the UE will know that it should not probe for pattern B while scanning frequencies outside 3550-3700MHz range (even if band n77 is used to implement C-band).

[image: ]
Figure C.1-2: 3GPP NR bands n48, n77, n78, and the C-band (R4-2008289).

It also worth noting that 4-port LTE transmission is a widely deployed feature, which is also commonly supported by different UE vendors. Figure C.1-3 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.


Figure C.1-3: Average number of LTE MIMO activations (R4-2008289).
 




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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