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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

	R4-2003175
	Samsung
	UL shift: 7.5 kHz UL for n48 is not necessary and no impact on specification needed. 
Channel raster: 300 kHz raster to be used as implementation approach without specification impact enable the alignment between NR channel raster and LTE center frequencies.
Sync pattern: We prefer to resolve the issue by implementation approach without specification update.

	R4-2003212
	Intel Corporation
	Observation #1: Introducing a new channel raster creates cross working group specification update.
Observation #2: It is always possible to find a new center frequency with 300 kHz raster within ± 100 kHz for any arbitrary center frequency with 100 kHz channel raster.
Observation #3: As of now, there is no LTE deployment in band 48 and no device support it.
Observation #4: It is better option to deploy with 300 kHz channel raster if operator plan to support dynamic spectrum sharing feature in band 48 and n48.
Proposal #1: Keeping the 300 kHz channel raster

	R4-2003336
	Ericsson
	Proposal 1: Do not apply a 100kHz channel raster.
Proposal 2: Do not apply 7.5kHz sub-carrier shift in UL.
Proposal 3: (For sync pattern) Do not apply any change for the existing specifications.

	R4-2004396
	Google Inc.
	Proposal 1: Support Option 1 for the channel raster to keep no changes to the specification.
Proposal 2: Support Option 1 for the UL shift to keep no changes to the specification.
Proposal 3: Support Option 1 for the sync pattern to keep no changes to the specification

	R4-2004507
	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.

	R4-2004686
	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:	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.
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.

Proposal 1:	Investigate further solutions based on 100kHz raster and RB blanking.
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)
Proposal 2:	Adopt sync pattern B for band n48 definition.

	R4-2004687
	Apple Inc, Comcast, CableLabs
	Observation 1:	UL shift is needed for 15kHz SCS deployments to align sub-carrier grids achieving better resource utilization.
Observation 2:	UL shift is not an essential feature for 30kHz SCS if some inter-numerology guard band is required.
Observation 3:	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.
Proposal 1:	Introduce UL shift is a mandatory UE feature only for 15kHz SCS (on band n48).

	R4-2003462

	CableLabs
	Observation 1: NR channels are not defined by center frequency.
Observation 2: The proposed 100 kHz channel raster for band n48 does not align with the Δf_global 15 kHz global raster defined for frequencies above 3 GHz.
Observation 3: The proposed 100 kHz channel raster for band n48 does not align with existing GSCN Index values and/or SSB definitions such that each FCC PAL 10 MHz could contain an SSB.
Observation 4: The proposed 300 kHz channel raster for band n48 does not align with existing GSCN Index values and/or SSB definitions such that each FCC PAL 10 MHz could contain an SSB
Observation 5: Using the 30 kHz channel raster is a reasonable compromise to match the NR channel BW with the FCC PAL channel definition. Further study may be required to clarify some apsctes (e.g. non-standard channel BW).
Observation 6: NR channels based on both 30 kHz (or 15 kHz) channel raster can be aligned with LTE channels and the FCC PAL channel definitions.
Observation 7: Nominal channel spacing formulas support configuring Point A NR-ARFCN to align with LTE and FCC PAL channel edge frequencies.
Observation 8: Using the 300 kHz channel raster, a non-standard channel bandwidth (e.g. 23 PRBs) may require further study to match an NR channel with FCC PAL channel definitions using valid values for signal parameters.

	R4-2003464

	CableLabs
	Observation 1: NR channels are not defined by center frequency.
Observation 2: The proposed 100 kHz channel raster for band n48 does not align with the Δf_global 15 kHz global raster defined for frequencies above 3 GHz.
Observation 3: The proposed 100 kHz channel raster for band n48 does not align with existing GSCN Index values and/or SSB definitions such that each FCC PAL 10 MHz could contain an SSB. 
Observation 4: The proposed 300 kHz channel raster for band n48 does not align with existing GSCN Index values and/or SSB definitions such that each FCC PAL 10 MHz could contain an SSB. 
Observation 5: Using the 30 kHz channel raster is a reasonable compromise to match the NR channel BW with the FCC PAL channel definition. Further study may be required to clarify some aspects (e.g. non-standard channel BW).
Observation 6: NR channels based on both 30 kHz (or 15 kHz) channel raster can be aligned with LTE channels and the FCC PAL channel definitions.
Observation 7: Nominal channel spacing formulas support configuring Point A NR-ARFCN to align with LTE and FCC PAL channel edge frequencies.
Observation 8: Using the 300 kHz channel raster, a non-standard channel bandwidth (e.g. 23 PRBs) may require further study to match an NR channel with FCC PAL channel definitions using valid values for signal parameters.
Proposal 1: The 15/30 kHz channel raster for band n48 supports NR/LTE channel allocations accordingly with PAL FCC definitions.
Proposal 2: Further study may be required on 15 kHz channel configurations.
Proposal 3: Further study may be required on 30 kHz channel configurations (e.g. non standard channel BW support).

	R4-2004515
	CableLabs
	ChBW(38.101-1) = LowGuardBand + 24 PRBs + 30 kHz + HighGuardBand = 10 MHz				 (Equation 1)
ChBW(38.331) = offsetToCarrier + 24 PRBs + 30 kHz + HighGuardBand = 10.055 MHz				(Equation 2)
Observation 1: Equations [1] and [2] can’t be true simultaneously
Observation 2: If Equation 2 is true, then the non-standard Ch BW issue has to be address



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.  
As summarized in R4-2002854, 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. Another approach would be to add 100kHz raster to the NR band n48 definition, but it might trigger too large specification changes impacting also other WGs.

Issue 1-1: Channel raster
-	Proposals:
-	Option 1: Keep existing SCS based raster (i.e. no changes to the specifications);
-	Option 2: Add 100kHz channel raster;
-	Option 3: Option 1, but if the allocated spectrum is not on the 300kHz raster, then shift the channel center frequency (+/- 100kHz) to the closest 300kHz raster and use RB blanking.
-	Recommendation for further discussion:
-	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 SAS 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 preliminary feedback from several companies, it will create too big specification impact. Option 3 does not need any specification changes, but it needs further investigation on whether all the emission requirements will be still met.
-	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: UL shift
-	Proposals:
-	Option 1: A UE does not support UL 7.5kHz shift on band n48 (no changes to the specifications);
-	Option 2: A UE supports UL 7.5kHz shift on band n48;
-	Option 3: A UE supports UL 7.5kHz shift on band n48 only for 15kHz SCS.
-	Recommendation for further discussion:
-	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. However, companies and operators are welcome to provide further feedback on whether Option 3 still can be adopted, i.e. enable UL shift 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).

Sync pattern
The NR band n48 uses sync pattern C for the NR SSB transmission. As analyzed in several discussion papers, it works with 2-port LTE transmission, i.e. NR SSB 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.  
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:
-	Option 1 can be used if only 2-port LTE transmission are considered for band 48, 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, and thus companies (especially UE vendors) are welcome to provide further analysis on the resulting impact of adopting sync pattern B.
-	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

	Ericsson
	Sub topic 1-1: Support Option 1 with Option 3 removed. Option 1 and Option 3 are the same. Option 3 is one possible implementation of Option 1 so it’s suggested to remove Option 3 as the option for sub topc 1-1. Option 2 requires the change of GSCN so it’s not preferred.
Sub topic 1-2: Support Option 1 with Option 3 removed. Option 3 includes SCS 15kHz which is clearly not included in the scope of this WI so it’s suggested to remove Option 3 as the option for sub topic 1-2. Option 2 has no help for 30kHz SCS so it’s not preferred.
Sub topic 1-3: Support Option 1. Option 2 requires double complexity and cell search time on UE side together with spec change and potential incompatible issue for legacy UE on band 777/78 so it’s not preferred.

	Qualcomm
	Issue 1-1: Channel raster
We support option 1.  Option 3 is also a possibility, but it seems to be related to a deployment plan rather than related to specification.  Is my understanding correct that from a specification perspective, there is no difference between option 1 and option 3?  Option 2 is a significant change if a new raster is expected to be mandatory and is unacceptable from a non-backward compatible (NBC) point of view. 
Issue 1-2: UL shift
The listed options are perhaps not properly phrased.
-	Option 1: A UE does not support UL 7.5kHz shift on band n48 (no changes to the specifications);
-	Option 2: A UE supports UL 7.5kHz shift on band n48;
-	Option 3: A UE supports UL 7.5kHz shift on band n48 only for 15kHz SCS.
Does option 1 mean that a UE is forbidden from supporting UL 7.5 kHz shift?  I believe the intention is that the UE is allowed, but not required to support UL 7.5 kHz shift.  Similarly, I believe option 2 means that the UE is not merely allowed but is required to support UL shift.  If this is the correct interpretation, then Qualcomm supports option 1.  The UE is allowed to support UL shift in the band with the present signaling, but is not required to.  A mandatory requirement to support UL shift has limited benefit for 15 kHz NR DSS deployments, and is unacceptable from an NBC point of view.
Issue 1-3: Sync pattern
Qualcomm supports option 1 to keep existing pattern C.  It is possible that the problem of collision with 4-port CRS can be avoided or the damage mitigated in a proprietary manner for those specific deployments where it becomes problematic.  From a standardization perspective, it can be noted that DSS between 4-port LTE and NR in Band n48 is not supported.  In addition to the concerns related to search time and power consumption and the impact to search time for Band n77 proposed to be adopted in the US, a change to add pattern B if expected to be mandatory for the Band n48 UE is not acceptable from an NBC point of view.  

	Intel
	Sub topic 1-1: Channel raster
We support option 1. In our paper, we shown that there is maximum 100 kHz delta from the original center frequency with 100 kHz raster. The intention of the paper was the concern with 300 kHz raster raised by some companies was overestimated.

Sub topic 1-2: UL shift
Support option 1. We believe there was consensus with option 1 (no UL 7.5 kHz sifting) in the last meeting. 

Sub topic 1-3: Sync pattern
Support option 1. We echo the same comments with Ericsson and Qualcomm. 

	Nokia
	Sub topic 1-1: 
Support Option 1. 
The PRB blanking in option 3 will be an issue for 10 MHz channel bandwidth as CORESET bandwidth cannot be supported.

Sub topic 1-2:
Support Option 1.
Option 3 is out of scope of this WI.

Sub topic 1-3:
Support Option 2. 
We think certain restriction to 4-port LTE deployment is not preferred since it could have coverage impacts. Options such as usage of TM9 have been proposed but these would only help DL user channels and not DL control channels and UL performance. Additionally, our understanding is that the penetration of devices that have been tested for TM9 functionality is low. The feature of multiple hypothesis is ready in UE for other bands. It is matter if it is activated for n48 or not with a certain drawback in power consumption in out-of-coverage use case. We think this can be accepted by operators since we assume that in most scenarios UE could re-utilize past assumptions to avoid additional power consumption.

	OPPO
	Sub topic 1-1: 
Support Option 1. 
Option 3 is a special case of Option 1 that should be removed. 
Sub topic 1-2:
Support Option 1. 
Option 3 is out scope of this WI
Sub topic 1-2:
Support Option 1. 
We agree with Ericsson and Qualcomm’s comments 

	Samsung
	Sub topic 1-1: support option 1 and agree with the statement that considering data SCS to be applied for LTE band 48 and NR band n48 it may not necessary to align the LTE and NR grid. 
Sub topic 1-2: support option1. Since the data to be applied to band n48 is on 30kHz SCS based on information shared so far. 
Sub topic 1-3: support option 1 considering the burden on UE side. And it is still not clear for us the motivation of the restriction to apply MBSFN approach to enable this with existing SSB pattern C.  

	CableLabs
	Sub topic 1-1: Support Option 1, by using the +/- 10 kHz channel spacing offset defined in TS 38.101-1 clause 5.4.1.1 and TS 38.104 clause 5.4.1.1, 30 kHz NR channel raster can align with LTE center frequencies. As a subcase of Option 1 (Option 1.1, we would also consider 15 kHz channel raster. We would also support Option 2 subject to further study of the global frequency raster ΔFGlobal and GSCN for >3 GHz. Option 3 could be considered an implementation of the 30 kHz channel raster.
Sub topic 1-2: Support Option 2. The 7.5 kHz UL shift will not make NR subcarriers with 30 kHz SCS perfectly orthogonal with LTE subcarriers with 15 kHz SCS, but the orthogonality will be improved. Option3: 7.5 kHz UL shift for 15 kHz NR SCS should be a mandatory feature. We strongly disagree with Option 1.CableLabs uploaded updated contributions (R4-2005035 https://www.3gpp.org/ftp/TSG_RAN/WG4_Radio/TSGR4_94_eBis/Inbox/R4-2005035.zip replaces R4-2003462, R4-2005036 https://www.3gpp.org/ftp/TSG_RAN/WG4_Radio/TSGR4_94_eBis/Inbox/R4-2005036.zip replaces R4-2003464). Our analysis about 15/30/100/300 kHz channel raster are presented.
Note: While investigating the channel raster topic, another potential issue about offsetToCarrier was identified (see R4-2004515). The group would need to discuss which one of the PointA alignements apply: Point A aligns with the Low Channel edge (e.g. further clarifications on offsetToCarrier) or falls bellow this edge (the lower edge of n48 NR ARFCN needs an update).

	Charter Communications
	Issue 1-1  channel raster
Our preference is option 2 (a spec change) but we have learned the challenges with this option.  We are still not clear on option 3 and will like further clarification on this.  Our understanding is that if LTE and NR do not share and align Prb grids then it is not true dss.  The only time this can happen with no spec change is when NR freq is divisible by 300 KHz steps.  This does not happens very often with 10 MHz channel bandwidths or 20 MHz channel bandwidth as demonstrated in Apple’s discussion paper.  Secondly, with option 3 (share spectrum in TDM manner?), there is an issue that requires further characterization or explanation.  With channel raster shift of +/- 100 KHz and RB blanking, how do we assure not having adjacent channel interference due to this shift /OOBE limit failure?  Secondly, it is our understanding that with Prb blanking we might have coreset issues as this requires 24 Prb’s.   In summary, we still not clear how option 3 (implementation based solution) can effectively deploy dss on en-dc in 48.

Issues 1-3 Sync raster
We understand that if we allow sync pattern b and C, search times might be longer (only at cold start) and this will impact power consumption.  But based on all the discussions we have had, this seems not to be a significant issue.  Can someone put details on the impact of this?  Secondly, we do not understand why making sync pattern b optional in n48, causes eco system issues with n77 and n78.  With regards to NBC issues, why can older UE’s be able to use pattern c and newer UE’s can either do sync pattern B or C.  Can this be done during initial access through capability exchange signaling?  It will be good to extend discussions in second round to clear these details.

	Google
	Issue 1-1: Channel raster
Support Option 1. We agree with the view that Option 3 is included in Option 1. For Option 2, it may impact global frequency raster design for the frequency above 3GHz. 
Issue 1-2: UL shift
Support Option 1. The UL shift may not be required for NR 30KHz SCS and we think Option 1 has been the majority view in the last meeting. We are not sure why Option 3 is added to the discussion. It is beyond the work item discussion scope. 
Issue 1-3: Sync pattern
Support Option 1. The UE will trigger initial search frequently when the UE is in the weak signal area or at the cell edge. The initial search time and power consumption may be impacted if the sync pattern B is included. As a UE vendor, these are critical problems for us to improve our user experiences in the real live network. From SAS provider perspective, we also would not like to see the use of NR in CBRS being impacted by adding more sync pattern requirements.

Considering the commercial timeline, as a SAS provider and a promoter of the CBRS ecosystem, it is beneficial for us to enrich the CBRS ecosystem by making no changes to the RAN4 specification.

	Huawei
	Issue 1-1: Channel raster
Option 1.
Option 2 will cause the change of GSCN, which will be a big change. In our understanding, Option 3 is a implementaion solution without impact on the specification. But it is not clear to us how it can help make LTE and NR subcarrier aligned. It seems just to make the RF center frequencies between LTE and NR be closer to faciliate the digital fitler design.
Issue 1-2: UL shift
Option 1, i.e., no change to specificaiton, is preferred.
Although when the DL channel raster is allocated on 300KHz channel raster and 15KHz sub-carrier spacing is used on n48, allowing UL 7.5KHz shift is helpful to align LTE and NR subcarrirer, there are other cases where either channel raster is not multiple of 100KHz or 30KHz SCS is used considering most likley the channel bandwidth larger than 50MHz will be used. Thus it seems not very enssential for UE to support either no shift or UL 7.5KHz shift according to network signaling, given that the channel raster for n48 won’t be changed.
Issue 1-3: Sync patttern
Option 1 is preferred to reuse the design for other bands on the same frequency range.

	Apple
	Issue 1-1: Channel raster
As shown in our discussion paper, Option 1 (no changes) might end up in a situation when SAS allocates spectrum center frequency of which would not be aligned on the 300kHz raster. This is not a problem for a case when only LTE or only NR is going to be deployed. However, if there is an intention to align sub-carrier grids, then it is not a straightforward anymore how it can be achieved. Indeed Option 3 can be viewed as one particular implementation flavor of option 1, but 3GPP needs to check whether all the OOB emission requirements still can be met by shifting center frequency +/-100kHz with or without the PRB blanking. As a summary, accounting for the potentially large specification impact of Option 2 (add 100kHz raster), our main preference would be to explore further Option 3 and its practical feasibility; but we are also open to analyze further specification impact of Option 2.   
Issue 1-2: UL shift
@Qualcomm: You raised a very good point that even if UL shift is not mandatory, a UE still can support it optionally, which is also our understanding. However, last meeting at least one company expressed a strong concern that UL shift should not be supported at all, not even optionally. So, this is something to be further clarified.
We hope that Option 3 could be a potential compromise accounting for the fact that a UE does not have to support mandatorily UL shift for 30kHz as preferred by majority of companies, but it is still mandated for 15kHz SCS.
Issue 1-3: Sync pattern
Since 4-port LTE transmission is a widely deployed and supported feature, both for NW and UEs, we could not help but wonder why by designing one feature we should deprecate another one. Since NR SSB would always collide with LTE CRS once 4-port transmission is enabled, we cannot see any implementation workaround and thus suggest introducing some solution to the problem. Adding sync pattern B, Option 2, looks like the most straightforward option. The way we see the overall system is that adding more search hypothesis should not impact dramatically search time or power consumption. 
@Qualcomm: There might be some confusion with band n77 and US. There is no band n77 in US, only C-band, for introduction of which some companies suggest reusing band n77. However, it still does not mean that C-band (aka band n77 in US) will overlap with band n48. In other words, while searching for C-band range in US a UE would use only pattern C. The overlap occurs only with EU band n77, but since band n48 does not exist in EU, a UE has all the means to optimize its search process.

	Comcast
	Issue 1-1 : channel raster
As we understand it, Option 1 (no changes to the spec) is preferred due to the minimal complexity however we don’t understand how it will work when the SAS allocates a channel which is not aligned to the 300kHz raster. Given the SAS allocations are designed to be dynamic, we cannot then use DSS in our deployment plans which makes Option 1 unviable for using DSS deployments using CBRS as a primary channel. We don’t believe Option 1 can be concluded to be a ‘solution’ for DSS in Band 48 without proponents addressing these concerns. 
We would like to understand the details of Option 3 and whether it is viable solution in addressing the OOB challenges discussed above.
We continue to believe that Option 2 is the cleanest implementation. We appreciate the complexity of the spec changes, but we strongly prefer to keep Option open in round 2 and invite proponents of Option 1 and Option 3 can show they are viable in supporting DSS for primary carrier CBRS deployments.
Issues 1-3 Sync raster
Using 4-port CRS in CBRS is an important solution for us, and we would not like to have an artificial restriction that disallows us to utilize the gains of this option. We also do not understand why making sync pattern b option in n48 causes ecosystem issues with n77 and n78. It will be good to get further clarify on these aspects in the second.


 
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 

	Channel raster
	Summary of comments: 
-	Regarding option 1, 9 companies expressed the view that this option should be pursued, i.e. no changes to the specification. 6 of the aforementioned companies emphasized that Option 3 can be viewed as the implementation specific case of Option 1, whereupon several companies noted that RB blanking will not work because CORESET requires 24RBs. 
-	Regarding Option 3, there was a clarification in comments that +/-100kHz shift can be considered with or without RB blanking; R4-2003212 also mentions +/-100kHz shift without RB blanking. However, if no RB blanking is performed because 24RB is required for CORESET, then 3GPP have to check whether all the OOB emission requirements can be met (see the figure below) due to shrunk guard bands. There was also a related question/request from 2 companies on the details of this solution and how, indeed, all the emission requirements can be ensured. 
- For option 2, 4 companies ask for further study to evaluate potential specification impact from introduction of 100kHz raster. In fact, two CBRS operators think that addition of 100kHz raster is the cleanest solution to the problem.

Candidate options:
-	Option 1: Keep existing SCS based raster (i.e. no changes to the specifications);
-	Option 2: Add 100kHz channel raster;
-	Option 3: Keep existing SCS based raster, but if the allocated spectrum is not on the 300kHz raster, then shift the channel center frequency (+/- 100kHz) to the closest 300kHz raster. 

Recommendations for 2nd round: 
For option 2, it is suggested to compile a small summary showing potential specification impact to assess properly all the pros and cons of adding 100kHz raster. Contribution from Samsung, R4-2003175, contains a good specification impact analysis and can be leveraged as a starting point.
For option 3, further analysis is needed to show that shifting +/-100kHz from the center frequency will not violate existing requirements due to shrunk guard bands. As can be seen from the picture below, shifting by 100kHz from the center frequency without RB blanking will result in 580kHz guard band, which is smaller than the minimum guard band requirement.  
[image: ]

While investigating the channel raster topic, another potential issue about offsetToCarrier was identified (see R4-2004515). It is suggested for RAN WG4 to discuss which one of the PointA alignements apply: Point A aligns with the Low Channel edge (e.g. further clarifications on offsetToCarrier) or falls bellow this edge (the lower edge of n48 NR ARFCN needs an update).


	UL shift
	Summary of comments:
-	8 companies expressed the support for Option 1, i.e. not to mandate UL shift. Most of these companies believe that UL shift is not needed/necessary for 30kHz SCS deployments. Several companies noted that UL shift for 15kHz SCS deployment is out of scope of the discussion.
-	3 companies (out of which is 2 CBRS operators) think that UL shift is still beneficial, especially for 15kHz SCS deployments. 

Candidate options:
-	Option 1: A UE does not support UL 7.5kHz shift on band n48 (no changes to the specifications);
-	Option 2: A UE supports UL 7.5kHz shift on band n48;
-	Option 3: A UE supports UL 7.5kHz shift on band n48 only for 15kHz SCS.

Recommendations for 2nd round: 
It is suggested to clarify whether all the companies have the same baseline understanding that even though UL shift is not mandated for certain bands, current specifications do not prevent a UE from implementing and supporting it. As a related aspect, it is also worth clarifying how the overall system will work in this case when e.g. the network activates UL shift, but some UEs do not support it. 
Since the majority of companies do not see a strong need in mandating UL shift support at the UE side for 30kHz SCS, it would be still beneficial to understand technical reasons why UL shift could not / should not be supported for 15kHz SCS deployments. There are two CBRS operators who think that 15kHz SCS deployments can be considered, for which UL shift would make perfect sense to align sub-carrier grids with LTE.  

	Sync pattern
	Summary of comments:
-	7 companies expressed the support for Option 1, i.e. no changes.
-	4 companies think that some solution is needed, out of which 1 CBRS operator explicitly indicated that it is critical to ensure that 4-port LTE transmission can co-exist with NR SSB transmissions.

Candidate options:
-	Option 1: Keep existing pattern C (no changes to the specifications);
-	Option 2: Adopt pattern B;

Recommendations for 2nd round:
With regards to Option 1, there is a feedback from one proponent saying that “It is possible that the problem of collision with 4-port CRS can be avoided or the damage mitigated in a proprietary manner for those specific deployments where it becomes problematic”. However, it is not clear which proprietary mechanisms can be used in a situation when 4-port LTE CRS always collide with NR SSB. Thus, it is recommended to discuss further whether implementation workarounds actually exist and how efficient they are.
With regards to Option 2, the following concerns were expressed by several companies for adding sync pattern B:  double complexity, cell search time, power consumption, potential incompatible issue for legacy UE on band n77/78, impact to search time for C-band / band n77 (proposed to be adopted in the US), non-backward compatible issues. However, since other companies think that these concerns are not critical or even non-existing, it is proposed to address them separately one by one.



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)
Channel raster
For the 2nd round discussion, it is suggested to concentrate on the following issues identified during the 1st round:
-	Sub-topic 1-1.1. Since a number of companies are not in favour of introducing any changes, the goal of this issue would be to collect additional technical information on which implementation workarounds can be considered to avoid any specification changes.
-	Sub-topic 1-1.2: addition of 100kHz raster. As expressed by several CBRS operators during the 1st round, adding 100kHz raster is the cleanest solution to the problem. The counter argument from a number of companies is that the specification impact is not trivial and is likely to impact also other WGs. A good specification impact analysis has been provided in R4-2003175 and can be used as a starting point. The overall goal of the 2nd round discussion is to collect as much technical input as possible regarding the potential specification impact, and whether it can be alleviated/avoided in certain cases.
-	Sub-topic 1-1.3: shifting centre frequency -/+100kHz. As noted by several companies, one way to align LTE and NR grids is to shift (when needed) the NR centre frequency by -/+100kHz so that it is on both 30kHz and 100kHz raster. Since it is not possible to use RB blanking due to the CORESET requirement to have 24RB, shifting the centre frequency will result in shrunk guard bands so that the minimum guard band size cannot be ensured. Thus, the goal of the 2nd round discussion is to collect further technical input on which studies/simulations/measurements will be needed to conclude whether OOB emission requirements still can be met. 
-	Sub-topic 1-1.4. While investigating the channel raster topic, another potential issue about offsetToCarrier was identified (refer to R4-2004515). It is suggested for RAN WG4 to discuss which one of the PointA alignments apply: Point A aligns with the Low Channel edge (e.g. further clarifications on offsetToCarrier) or falls below this edge (the lower edge of n48 NR ARFCN needs an update).

UL shift
For the 2nd round discussion, it is suggested to concentrate on the following issues identified during the 1st round:
-	Sub-topic 1-2.1: UL shift optionality and anticipated UE behavior. As noted by several companies, UL shift still can be supported by a UE, even if its support is not mandated for a particular band. However, it is not entirely clear from RAN WG4 and WG2 specifications what the final UE behavior is when e.g. the network activates UL shift, but a UE does not support it. The goal of the discussion would be to clarify this scenario and use case.
-	Sub-topic 1-2.2: UL shift mandatory support for 15kHz SCS. Since the majority of companies expressed the view that UL shift is not needed or essential for 30kHz SCS deployments, there is a proposal from several companies including two CBRS operators on whether UL shift can be considered mandatory only for 15kHz SCS. The goal of this discussion would be to collect further input on whether there are any technical issues for this approach.

Sync raster
Sub-topic 1-3.1: implementation workarounds to avoid LTE CRS and NR SSB collision. There are a number of companies suggesting not to make any specification changes, but it is not clear for other companies how NR SSB and LTE CRS transmission collision can be avoided in this case. One proponent expressed the view that the problem of collision with 4-port CRS can be avoided or the damage mitigated in a proprietary manner for those specific deployments where it becomes problematic. Thus, the goal of this discussion will be to collect further input on which implementation workaround exist and what their drawbacks/advantages are. 
Sub-topic 1-3.2: addition of sync pattern B.  The following concerns were expressed by several companies for adding sync pattern B:  double complexity, cell search time, power consumption, potential incompatible issue for legacy UE on band n77/78, impact to search time for C-band / band n77 (proposed to be adopted in the US), non-backward compatible issues. However, since other companies think that these concerns are not critical or even non-existing, it is proposed to address them separately one by one

Company views for the 2nd round
NOTE: While commenting on a particular sub-topic, do please refer to a particular issue, e.g. 1-1.2.
	Company
	Comments

	Qualcomm
	Qualcomm believes that proposals for non-backward compatible changes are problematic.  We would like to understand if proponents of changes intend for changes to be mandatory or optional.  If optional and since many of these changes are related to fundamental aspects such as raster, sync pattern, etc., then the UE that does not support would likely not be able to connect to be able to exchange any capability messages.  In other words, the effective behavior is cell barring.  If mandatory in some future release, then we also have the problem of release independence to contend with.  I believe this has already been discussed before for Band n41.  The agreed solution in that case was to define a new band n90.

	Apple
	Sub-topic 1-1.1: Referring to the general information on the CBRS band (also presented in Appendix A.1), it is not clear how 300kHz raster alignment can be ensured in the implementation specific way because spectrum is managed by SAS. Even though if SAS can in principle decide to allocate a particular channel to a particular operator, there is no guarantee that the channel will not be occupied by another operator or busy with incumbent services.
Sub-topic 1-1.2: MODERATOR COMMENT: Appendix A.2 presents a technical summary of the potential specification impact needed to add 100kHz raster.
Sub-topic 1-1.3: Appendix A.3 presents additional technical information on a solution with -/+100kHz shift. Even though it can be viewed as the implementation specific solution, RAN4 still needs to address an issue that -/+100kHz shift will result in guard bands smaller than the minimum guard bands. Further simulations and measurements are needed for channel bandwidths 5, 10, 20, and 40MHz.  
Sub-topic 1-2.1: Our understanding is that a UE still can support UL shift feature, even if it is not mandated for a particular band. Since UL shift parameter is broadcast by network in the system information, the anticipated behaviour would be so that a UE does not camp on a particular cell if it does not support UL shift (which is similar to other features when a UE does not camp on a cell certain parameters of which it does not support). That behaviour might require further clarifications in RAN2 specifications.
Sub-topic 1-2.2: Partially referring to considerations presented in Appendix A.1, even though the recommended channel allocation is 10MHz, it can be also smaller, e.g. 5MHz. And for smaller channel sizes 15kHz SCS results in better spectrum utilization, for which UL shift would make perfect sense. If companies view is that UL shift is not necessary for 30kHz SCS, then we would like to explore the compromised approach when UL shift is mandated only for 15kHz SCS.
Sub-topic 1-3.2: Referring to the concerns expressed by other companies.
Double complexity: there is no increased complexity for UE implementation because an existing pattern B search process will be reused, i.e. a UE anyway has to support sync pattern B.
Increased power consumption: 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 on the overall power consumption.
US C-band: There are proposals to re-use band n77 to support US C-band. However, it should be noted that even though band n77 overlaps with band n48, C-band does not overlap with band n48 (refer to Appendix C.1). In other words, a UE will know which patterns it can probe for depending on a particular frequency range.
Band n77/n78: Even though band n77 and n78 overlap with band n48, they 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; and similarly, a UE with US subscription in US will probe for both patterns B and C while scanning the band n48 frequency range. 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. 

	Ericsson
	For the Channel Raster the 100kHz will touch the fundamental design to triple GSCN raster points so we can’t agree with it.  The other option with 300kHz i.e. whether to shift centre frequency -/+100kHz is implementation. We see no need for RB blanking and no problem of supporting CORSET with 24RBs.
For UL Shift with 7,5kHz we still don’t see the benefit of having it for SCS 30kHz. It’s not an optimized solution so it’s not proffered. And it can’t be an optional support as the UE won’t be able to access to the network without supporting it. For SCS 15kHz it’s out of the scope of this WI.
For Sync Pattern adding Pattern B is not marginal impact. The core band n77/78 with Pattern C should be reused for n48, instead of the other around. 

	Apple(2)
	Increased search time: As noted above, increased search time will be an issue only for the overlapping range of 3550-3700MHz and only if a UE does not have an additional information on its subscription and/or geographical location (most UE implementations use both to optimize a decision which frequencies and RATs should be probed first). In the worst-case scenario, a UE would probe for both pattern B and C, which in the worst case (when a UE cannot try simultaneously both hypothesis) will increase search time by 50% because two out of four pattern B and C SSB locations overlap. It is also worth noting that increased search time is an intrinsic problem with all the re-farmed bands because a UE does not know a priori whether it should search for LTE or NR synchronisation channels.
@Ericsson: 
For sub-topic 1-1.3: Shifting centre frequency by -/+100kHz is of course an implementation or the configuration choice, but the minimum guard bands concern the RAN4 minimum requirements. It would be nice if you can elaborate further and answer the question on how you can do it as a pure implementation-based solution. Please refer to Appendix A.3 for more technical details.
For sub-topic 1-3.2: There is an action point if the WI description “Check mechanisms to avoid overlapping transmissions between NR SSB and LTE CRS. Apply changes to ensure non overlap of NR SSB and LTE CRS if determined that solutions with existing specifications are insufficient”. If you claim that there is an existing mechanism and it is sufficient, do please provide further technical details. Otherwise we cannot accept the comment that existing pattern should be just kept. There is also a clear feedback from one operator and one network vendor that absence of 4-port LTE transmission is not acceptable. 

	Nokia
	For channel raster, we do not see a requirement for subcarrier alignment between LTE and NR to enable DSS when NR SCS=30KHz. Additionally, due to DL DC subcarrier handling there is anyways a misalignment in the subcarrier grid. Current n48 channel raster is deemed sufficient to enable DSS deployment in any 10MHz (or larger) channel allocated by the SAS.  As per Nokia contribution we do not see any impact to OOBE or need for PRB blanking with the current channel raster since there is no impact to the min guard bands.

For UL raster shift and in regards to mandating this for 5MHz channel BW:
· This CBW is limited to SCell operation as part of DC or CA  due to SSB SCS limitation to 30KHz. Will UL really be employed?
· There was an agreement within the CBRS Alliance that to the extent possible the minimum channel BW that will be allocated to NR CBSDs will be 10MHz. From CBRSA TS-2001 v3.1  : “For connected sets which include NR and LTE CBSDs the CxM shall attempt to employ the same  minimum contiguous bandwidth (10MHz) for the GAA Channel Assignment process.”  
The above makes the CBW=5MHz a corner case scenario.

On the sync raster topic, we are aligned with Apple vies that the impact from battery drain cell search time can be minimized by efficient UE implementation which likely already exists today.

	CableLabs
	30 kHz SCS is supported by NR in band n48, which is non-orthogonal with 15 kHz SCS LTE. A guard band may be required between LTE RBs and NR RBs. However, we still think DSS is a desired solution in order to support the transition from band 48 to n48 and would like vendor companies to consider enabling DSS in band n48 that agree with FCC rules about PAL licenses and incumbent protections.
300 kHz channel raster is problematic due to RB blanking since it may be impacted by CORESET specs. This may require MPR to meet the FCC spectrum emission mask inside a 10-MHz PAL channel, which is detrimental to DSS in band n48. 
While we acknowledge there are some limitations on adopting the 100 kHz channel raster, we also acknowledge that this solution is natively supported by CBRS. Accordingly, we would like to continue the analysis on the 100 kHz channel raster.
Our contribution R4-2004515 has been withdrawn.

	Intel
	For channel raster, introducing 100 kHz is real fundamental spec change. As explained in our paper, new row has to be introduced in Table 5.4.2.1-1 in TS 38.101-1 (also available in appendix A of this summary) to account for the new channel raster which is anyway not multiple of 15 kHz global raster. This means that there are two different NR-ARFCN to cover the same spectrum, and causes RAN1 and RAN2 spec change as well. Especially, RAN2 has to redesign the signalling and we are not sure if there is enough signal bits available to incorporate the additional signals in the existing protocol. Even the changes could be possible, there is an issue with legacy UE.


	Apple (3)
	As a small remark to Nokia’s comment, even if a particular channel, e.g. 5MHz, is used as SCell for the NR configuration, it is still possible to activate DSS there to share 5MHz channel with LTE. In this case it would also make perfect sense to utilize UL resources. Nevertheless, it is worth checking this scenario with operators.


		
Summary on 2nd round (if applicable)
Summary of concerns with potential way forward
	Issue
	Status summary 

	Channel raster
	Summary of concerns 
Option 1: SCS-based raster is kept:
-	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;
-	Implementation specific workarounds are not clear and might result in performance degradation;
Option 2: 100kHz raster is added: 
-	Adding 100kHz channel raster is the fundamental specification change impacting also other WGs;
-	Adding more GSCN entries might impact cell search time.
Option 3: SCS-based raster is kept, but the channel centre frequency is shifted -/+100kHz:
-	RB blanking cannot be used because CORESET requires 24RBs;
-	If RB blanking is not performed, then the minimum guard band requirements are not met potentially leading to violation of the OOB emission requirements;
-	This may require MPR to meet the FCC spectrum emission mask inside a 10-MHz PAL channel

Suggested way forward for the next meeting
Option 1: SCS-based raster is kept:
-	Proponents of keeping the SCS-based raster are encouraged to provide more input to the analysis of how DSS will work in this case; 
-	If any solution requiring specification change is not acceptable, then there should be a contribution showing how concerns from the CBRS operators can be addressed.
Option 2: 100kHz raster is added: 
-	Specification impact analysis for adding 100kHz raster is captured Appendix A.2. 
-	Further input is welcome to make a decision at the next meeting whether this option can be pursued or not; 
Option 3: SCS-based raster is kept, but the channel centre frequency is shifted -/+100kHz:
-	Some simulations/measurements are ideally needed to check whether shifting the centre frequency -/+100kHz still can meet RAN4 requirements; 
-	Refer to Appendix A.3 for additional technical information.

	UL shift
	Summary of concerns
Option 1: A UE is not mandated not support UL 7.5kHz shift
-	The main concern from companies, especially operators, is that without mandating UL shift functionality the DSS feature cannot be used; 
-	As a related issue identified during the discussion, several companies expressed the view that even if UL shift is not mandated, it still can be implemented by a UE, but there was no consensus on the resulting UE and system behaviour. 
Option 2: A UE is mandated to support UL 7.5kHz shift for both 15 and 30kHz SCS
-	At least for 30kHz SCS, the main concern from a number of companies is that UL shift is not needed/necessary because the inter-numerology guard band is still needed; 
Option 3: A UE is mandated to support UL 7.5kHz shift only for 15kHz SCS
-	The main concern for this option is that it is not the major deployment option defined by the CBRS alliance, and thus mandating UL shift for 15kHz SCS is a corner case deployment scenario; 
-	NOTE: several companies expressed the view that this option is not in the scope of WI and thus should not be even discussed. 

Suggested way forward for the next meeting
Option 1: A UE is not mandated not support UL 7.5kHz shift
-	Several companies expressed the view that even if UL shift is not mandated, it still can be implemented by a UE; 
-	However, there was no consensus/understanding on the UE behaviour when the network broadcasts UL shift but a UE does not support it. Thus, it is suggested to clarify this aspect for the next meeting.  
Option 2: A UE is mandated to support UL 7.5kHz shift for both 15 and 30kHz SCS
-	Most of the companies expressed the view that UL shift should not be mandated for 30kHz SCS, and it is suggested to down-select this option. 
Option 3: A UE is mandated to support UL 7.5kHz shift only for 15kHz SCS
-	Two CBRS operators and OEM vendor are still interested in UL shift for 15kHz SCS. It is suggested to study technical aspects of whether UL shift can be mandated only for 15kHz SCS; 
-	Since several companies expressed the view that this option is not in the scope of WI, the final decision should be made based on the agreement whether it is in the scope of the WI or not. 


	Sync pattern
	Summary of concerns
Option 1: Keep existing sync pattern C
-	The major concern is that 4-port LTE transmission will be possible only in non-DSS deployments;
-	4-port LTE transmission shall be deactivated when DSS is enabled, which is not preferred by operators who plan to deploy 4-port LTE in band n48. 
Option 2: Adopt sync pattern B
-	Several concerns have been identified: double complexity, cell search time, power consumption, potential incompatible issue for legacy UE on band n77/78, impact to search time for C-band / band n77 (proposed to be adopted in the US), non-backward compatible issues.

Suggested way forward for the next meeting
Option 1: Keep existing sync pattern C
-	It is not clear whether implementation specific workaround exist and how efficient they are;
-	Accounting for the feedback from operators, companies who prefer not to make any changes, are encouraged to provide further technical overview of how 4-port LTE transmission can work with DSS. 
Option 2: Adopt sync pattern B
-	Several companies provided further feedback addressing potential concerns associated with addition of sync pattern B;
-	It is suggested to consolidate technical input from all the companies to conclude whether addition of sync pattern B still can be considered;


	Non-backward compatibility
	Summary of concerns
-	Proposals for non-backward compatible changes are problematic; 
-	If changes are related to fundamental aspects such as raster, sync pattern, etc., and if the UE that does not support them, then a UE is likely not be able to connect to be able to exchange any capability messages;  
-	If certain changes are mandatory in some future release, then we also have the problem of release independence to contend with;
[bookmark: _GoBack]-	Similar problems have already been discussed before for band n41 and the agreed solution in that case was to define a new band n90.

Suggested way forward for the next meeting
-	The agreed WI assumes that there are no band n48 UEs in the market and thus some changes can be introduced to band n48; 
-	It should be checked what kind of changes are still acceptable without introduction of a new band (similar to band n41/n90).  
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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).

As mentioned earlier, 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.  

[image: ] 
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Figure A.1-2: 10MHz and 20MHz channels with centre frequencies.




Appendix A.2: Addition of the 100kHz raster
This section provides a summary of the specification impact analysis for adding 100kHz raster for the NR band n48 (based on 3GPP contributions R4-2003175, R4-2003336, R4-2003212).
The global frequency raster defines a set of RF reference frequencies FREF, which is used in signalling to identify the position of RF channels, SS blocks and other elements. The global frequency raster is defined for all frequencies from 0 to 100 GHz, with the granularity of the global frequency raster is ΔFGlobal. RF reference frequencies are designated by an NR Absolute Radio Frequency Channel Number (NR-ARFCN) in the range [0…3279165] on the global frequency raster. The relation between the NR-ARFCN and the RF reference frequency FREF in MHz is given by the following equation, where FREF-Offs and NRef-Offs are given in table 5.4.2.1-1 and NREF is the NR-ARFCN.
FREF = FREF-Offs + ΔFGlobal (NREF – NREF-Offs)
Table 5.4.2.1-1: NR-ARFCN parameters for the global frequency raster
	Range of frequencies (MHz)
	ΔFGlobal (kHz)
	FREF-Offs (MHz)
	NREF-Offs
	Range of NREF

	0 – 3000
	5
	0
	0
	0 – 599999

	3000 – 24250
	15
	3000
	600000
	600000 – 2016666

	24250 – 100000
	60
	24250.08
	2016667
	2016667 – 3279165



As can be seen from Table 5.4.2.1-1, ΔFGlobal is 15kHz for bands above 3GHz which is also the case for the NR band n48. If 100kHz raster is added to the NR band n48, then more NREF values will have to be added, range of which is however already limited to 600000 – 2016666. As can be seen from the ASN.1 excerpt taken from TS 38.331, NREF values are defined as a contiguous range of values 0..3279165. Thus, it is not straightforward to add more NREF values for the 100kHz raster without impacting ASN.1.
-- ASN1START
-- TAG-ARFCN-VALUENR-START

ARFCN-ValueNR ::=               INTEGER (0..maxNARFCN)

-- TAG-ARFCN-VALUENR-STOP
-- ASN1STOP
..........
maxNARFCN                               INTEGER ::= 3279165 -- Maximum value of NR carrier frequency

Another concern for adding 100kHz raster to the NR band n48 is the increased number of GSCN entries for the SS block frequency position. Since the SS block has to be aligned with the NR channel sub-carrier grid, then by introducing 100kHz raster we will also have to add more GSCN entries, which in turn might increase cell search time. 
Table 5.4.3.1-1: GSCN parameters for the global frequency raster
	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.






Appendix A.3: Applying -/+100kHz offset to the centre frequency
The section provides additional technical input to the solution based on shifting centre frequency by -/+100kHz (based on 3GPP contributions R4-2003212, R4-2004686).
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 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.3-1: Exemplary 10MHz channel centre frequencies.
	Frequency (MHz)
	ARFCN
	MOD (300kHz)

	
	
	

	3555
	55290
	0

	
	
	

	3564.9
	55389
	0

	3565
	55390
	1

	
	
	

	3575
	55490
	2

	3575.1
	55491
	0

	
	
	

	3585
	55590
	0



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 figures 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.3-1: Example of shifting centre frequency by 100kHz.
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 5.3.3-1: 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





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.

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.
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