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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

	R4-2010778
	OPPO
	Proposal 1: keep existing SCS-based channel raster with no changes to the specifications
Proposal 2a: Align UL shift requirements with DSS in other bands (band 38/n38 band 40/n40)
Proposal 2b: UE support for UL 7.5kHz shift is not mandatory on band n48
Proposal 3a: Do not introduce a new band
Proposal 3b: Keep existing sync pattern C

	R4-2010936
	Ericsson GmbH, Eurolab 
	Proposal 1: Consider an emission test for the UE to verify that 100 kHz shifts and PRB blanking required for LTE alignment does not imply violated regulatory unwanted emissions requirements
Proposal 2: Specify UL 7.5kHz sub-carrier shift for 15kHz SCS
Proposal 3: Do not specify a new band to accommodate an additional SSB sync pattern

	R4-2011422
	Google Inc.
	Proposal 1: The channel raster should keep no changes to the specification.
Proposal 2: The UL shift should be supported for 15 KHz SCS and should not be supported for 30 KHz SCS.
Proposal 3: The sync pattern should keep no changes to the specification

	R4-2010532
	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: Reduced minimum guar-band has negative impact to uplink coverage due to additional MPR. It also has negative impact to UE Rx filter design due to tighter ACS and blocking requirement.
Observation 3: 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: Introduction of new band with different channel raster and sync burst pattern is not recommended due to market fragmentation

	R4-2009935
revised to 
R4-2011532
	Apple Inc., Comcast
	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 1c:	If the allocated frequency range is not strictly aligned on the 300kHz raster, then it is possible to shift the centre frequency by -/+100kHz to the closest NR ARFCN raster point
Observation 1d:	The centre frequency shift will be applied by gNB, which does not require any changes in RAN WG4; and it does not impact SAS operation
Observation 1e:	Shifting the centre frequency -/+100kHz will impact guard bands, and thus there is no guarantee that emission requirements still can be met
Observation 1f:	The required power back-off is increased for certain allocations when the centre frequency is shifted by -/+100kHz, but the maximum required power back-off for inner or outer region can still be considered to be inside the PC3 MPR.
Observation 1g:	Blanking of edge RBs is not sufficient because it is not only edge, but also inner and outer allocations that need some power back-off, especially for small transmission channel bandwidth and/or sub-carrier spacing.
Proposal 1a:	Adopt a solution based on the -/+100kHz shift of the centre frequency.
Proposal 1b:	Introduce signalling to indicate explicitly to the UE that the centre frequency is shifted and thus the guard bands are smaller
Proposal 1c:	Since extra power back-off needed for shrunk guard bands is still within existing MPR limits, it can be left up to the UE implementation.
Observation 2a:	UL shift is needed for 15kHz SCS deployments to align UL sub-carrier grids between LTE and NR required for dynamic spectrum sharing.
Observation 2b:	UL shift can be viewed as a nonessential feature for 30kHz SCS if some inter-numerology guard band is always used by the network, but still can help to achieve better resource utilisation.
Proposal 2a:	Introduce UL shift as a mandatory UE feature at least for 15kHz SCS (on band n48).
Proposal 2b:	Ask RAN WG2 to clarify UE behaviour when a UE camps on the cell with enabled UL shift, but a UE does not support UL shift functionality for a particular SCS.
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:	4-port LTE transmission modes are widely supported by UEs and used in commercial deployments.
Observation 3c:	Since the band n48 spectrum is managed by the SAS entity and allocated channels can be rather small, the 4-port LTE transmission feature becomes even more important allowing to achieve better spectrum utilisation.
Observation 3d:	NR sync pattern B can work with 4-port LTE deployments.
Observation 3e:	Since candidate LTE MBSFN sub-frames do not overlap with OFDM symbols where NR SSB is transmitted, LTE MBSFN cannot be considered as a viable solution to avoid overlaps (unless some further changes are introduced impacting other WGs).
Observation 3f:	C-band does not overlap with band n48, even if it is implemented by band n77.
Observation 3g:	The main concern is band n77/n78 overlapping with band n48.
Proposal 3a:	Adopt synchronisation pattern B. 
Proposal 3b:	It should be discussed further whether sync pattern B can be added to band n48 definition or whether a new band shall be introduced.
Proposal 3c:	If synchronisation pattern B cannot be agreed now, we ask RAN WG4 to devise a solution that would enable dynamic spectrum sharing between NR and LTE using 4-port CRS transmission.

	R4-2009936
R4-2009937
	Apple Inc., Comcast
	CRs to implement DSS for band 48/n48 frequency range.



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. 
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 NR ARFCN raster point:
-	a) transparent to the UE;
-	b) signalled to the UE;
-	Recommendation for further discussion:
-	Summary: According to expressed views, no company proposes to change existing sync raster design; Option 3 also relies upon existing raster design with NR ARFCN raster points that the network can configure. With regards to Option 3, the main concern from the companies is that it might degrade UL performance because a UE will need higher MPR and/or A-MPR will be introduced. 
-	Further discussion: As pointed out by proponents of Option 3, it will not require higher MPR and/or A-MPR. Thus, one recommendation for further discussion will be to clarify this aspect further.  
-	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:
-	UL 7.5kHz shift for 15 kHz SCS is mandatory;
-	UL 7.5kHz shift is for 30kHz is:
a) mandatory;
b) optional;
c) not supported at all; 

-	Recommendation for further discussion:
-	Summary: Based on the latest agreements in CBRS alliance, 15kHz SCS was added as one of the mandatory deployment options, for which it makes sense for enable UL shift as a way to align LTE and NR sub-carrier grids using same sub-carrier spacing. At the same time, some companies expressed the view that UL 7.5kHz is as an essential feature for 30kHz SCS, or even not needed at all, if large inter-numerology guard band is always used. 
-	Further discussion: Accounting for the latest agreements made by CBRS Alliance, it is proposed to take Option 1 as a baseline, i.e. UL shift is mandatory at least for 15kHz SCS. It should be discussed further whether a UE supports (optional/mandatory) UL shift for 30kHz SCS; this decision can be also aligned with a similar decision for band n38 and n40.
-	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:
-	Ask RAN WG2 to clarify UE behaviour when a UE camps on the cell with enabled UL shift, but a UE does not support UL shift functionality for a particular SCS.
-	Recommendation for further discussion:
-	Depending on the outcome for issue 1-2-1, if a UE can optionally support UL shift for 30kHz SCS, then we can consider the cell as barred if the cell configuration has enabled UL shift. The corresponding LS can be sent to RAN WG2 asking them to add this clarification.

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 (in addition to pattern C);
-	Option 3: Adopt pattern B (in addition to pattern C) with introduction of a new band. 
-	Recommendation for further discussion:
-	Summary: 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.
-	Further discussion: On the one hand, introduction of a new band to enable sync pattern B will resolve concerns expressed that it would be NBC change for band n48. On the other hand, adding a new band (similar to band n41/n90) will fragment the whole ecosystem, which is not desirable either. If neither option is acceptable at this point, companies are invited to express their views on how we can move forward because 4-port LTE transmission is a commercially deployed and used feature, and thus not having any solution is not acceptable for operators.  
-	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

	Qualcomm
	Issue 1-1:  Option 1.  With Option 3, there is no assurance that emissions are met since the intended guard band is not enforced.
Issue 1-2-1:  Option b.  I’m not aware that CBRS Alliance has stipulated 15 kHz as a mandatory SCS.  Can a reference be provided?
Issue 1-2-2:  I believe cell barring is the expected behavior but we can let RAN2 confirm.
Issue 1-2-3:  Option 1 to minimize the impact to other bands at 3.5 GHz and so that NBC changes are not introduced to Band n48.

	Nokia
	Issue 1-1 (DL channel raster):  We support option 1, but we are also ok with option 3 as far as MPR in the current spec is not changed. however, minimum guard band is changed for such deployment. Is there any impact to receiver side, i.e., ACS requirement? 
Issue 1-2-1 (UL shift): Our understanding is that CBRS alliance has not mandated 15 kHz SCS but added it on top of 30 kHz. Both SCS are optional.
The shift should not be supported at all for 30 kHz (Option C), or it should follow the UE capability of 15 kHz (Option X). We do not support a dedicated UE capability only applicable to 30 kHz. Furthermore, it is good to have the same conclusion as n38 and n40.
Issue 1-2-2 (UE behavior with optional UL shift support): UE is barred if UE does not support the shift and network is deployed with the shift. RAN2 may need such clarification.
Issue 1-2-3 (sync pattern): We do not support a new band.
Other comments (if applicable):

	Intel
	Issue 1-1 (DL channel raster): 
We prefer Option 3 as there was a contribution required MPR is quite small compared to the existing MPR. There is another choice that network is not scheduling 1RB depending on center frequency shift.

Issue 1-2-1 (UL shift):
We prefer optional UL 7.5 kHz shift for both 15 kHz and 30 kHz. 

Issue 1-2-2 (UE behavior with optional UL shift support):
Echo Nokia’s comment.

Issue 1-2-3 (sync pattern):
We prefer Option 1. We don’t support adopting two sync patterns.

	Verizon
	Issue 1-1:  Option 1 and no changes to the specifications  
Issue 1-2-1:  Option b.  
Issue 1-2-2:  This should be in scope of RAN2 
Issue 1-2-3:  Option 1 and not new band

	Comcast
	Issue 1-1 (DL channel raster): 
We prefer Option 3b as there was a contribution required MPR is quite small compared to the existing MPR, and signaling to the UE will ensure the UE is aware of when this is necessary to perform emission protection if necessary
Issue 1-2-1 (UL shift):
We prefer UL 7.5 kHz shift for mandatory for 15 kHz and are ok for optional support for 30 kHz (option b). It is our understanding this is common baseband functionality and supporting for both would be aligned with n38 and n40.
Issue 1-2-2 (UE behavior with optional UL shift support):
Agree this is in scope of RAN2.
Issue 1-2-3 (sync pattern):
We support inclusion of pattern B to support CRS 4-port, either in n48 or a new band. We don’t believe market fragmentation is a primary concern with introduction of new band as it will be normal for operators with different spectrum assets to have multiple band support requirements and expect that handsets will harmonize to superset of band requirements, as norm today. 
We also think RAN4 should consider a common solution for this issue along with for other bands n38 and n40.


	OPPO

	Issue 1-1 (DL channel raster):  Option 1. We are also okay with with option 3 as long as MPR in the current spec is not changed. 
Issue 1-2-1 (UL shift): Option b. Same to Qualcomm and Nokia, we are also interested in seeing references regarding 15KHz SCS being mandatory for n48 
Furthermore, regarding UL shift, we’d like to see conclusions aligned with n38 and n40.
Issue 1-3 (sync pattern): Option 1. If sync pattern is not a unique issue for n48, we should not consider introducing a new band. 

	Google
	Issue 1-1:  
Option 1 is our preference and we are also fine with Option 3 with no changes to the specifications.
Issue 1-2-1: 
Option b. From the UE feature list, it seems that the uplink shift is mandatory without capability signaling for SUL band except for n95, all FDD band and n90 in 38.101-1. The description need to be added for the clarification if the uplink shift is optional supported by the UE. 
Issue 1-2-2:  
Agree this is in scope of RAN2.
Issue 1-2-3:  
Support Option 1 and Option 3. LTE TM9 would be another alternative for four layer DL MIMO by adopting sync pattern C. But considering the demand from operator deployment and the NBC issue, we also support introducing a new band. For market fragmentation, we think one solution would be all CBRS operators can ask their vendors to support both n48 and the new band in their carrier requirements.

	Ericsson
	Issue 1-1: Channel raster
Option 3a. 
Issue 1-2-1: UE support for UL shift
UL 7.5kHz shift for 15 kHz SCS is mandatory; and not support at all for 30 KHz SCS
Issue 1-3: Sync pattern
Option 1. 

	Huawei
	Issue 1-1: 
Option 1. We should try to avoid the potential update of RAN4 requirements and the change on RAN1 or RAN2 new signaling.
Issue 1-2-1:
We think that most likely 30KHz SCS will be used for n48. In this regards, requiring UE to support 7.5KHz uplink shift seems unnecessary, but it seems acceptable to set 7.5KHz shift as optional for both 15KHz and 30KHz SCS.
Issue 1-2-2:
There is a signaling for network to indicate the 7.5KHz uplink raster shift. If UE cannot support it, UE should be allowed not to access n48 after it receives the signaling.
Issue 1-3:
We prefer to Option 1. 
Even with pattern B, only SSB#0 can avoid the interference from LTE CRS port#0~3. The other SSB-s will be interfered by LTE CRSs. The massive MIMO will be used on 3.5GHz and most likely more than one SSB will be configured. So to avoid the additional interference from CRS, some other methods based on implementation could be considered, e.g., MBSFN configuration, puncturing part LTE CRS overlapping with SSBs, or putting SSB outside LTE CC bandwidth.
In our understanding, RAN1 did not mean to fully address this issue for DSS from the beginning. Unless redesigning the SSB, the issue of LTE CRS interference cannot be address well. In this regard, we would like not to change SSB pattern anymore rather to align the design across TDD bands to simplify the implementations.

	Apple
	Issue 1-1 (DL channel raster)::
Our preference is Option 3, whereupon we can check further whether Option 3a can really work. According to our results, extra power back-off is needed not only for edge RBs, but also for outer and sometimes inner RBs, and thus RB blanking cannot unfortunately help. And if the network does not blank, then there is a risk that emission requirements will not be met.
@Nokia: You raised a good point on ACS/blocking issue. In principle, you are right, since the guard band becomes smaller, there is a higher risk of negative impact coming from the neighboring channel. We will do our best to quantify it during this meeting. 
Issue 1-2-1 (UL shift):
@all: The corresponding clarification on 15kHz was added to the CBRS specification TS2001 v3.1.0. As the background information, the previous version of the CBRS specification says that only 30kHz shall be supported, which according to previous discussions was construed by companies that 15kHz is not considered at all by CBRS. With a new wording, it says that CBSD shall support 15 or 30kHz, which means that both 15kHz and 30kHz deployments must be supported; but it of course does not put a requirement on the base station to support all options especially if a particular deployment has only NR. In fact, from the TS 38.101-1 perspective a UE anyway has to support both 15 and 30kHz SCS.
Our preference is that UL shift is mandatory for 15kHz SCS. We are open to discuss further whether 30kHz SCS is optional or not; and it can be further aligned with other TDD bands n38 and n40. 
Issue 1-2-2 (UE behavior with optional UL shift support):
We agree with comments from some companies that it belongs to RAN2 domain, but RAN2 specifications do not say anything about this case. Thus, we suggest sending LS to RAN2 to add the corresponding clarification for the UE behavior.
Issue 1-3 (sync pattern):
To enable full flexibility of potential deployments, addition of sync pattern B is preferable as a way to avoid constant collision of NR SSB with LTE CRS. We see the point from some companies that RAN1 design did not aim at avoiding this collision completely and thus some workaround are anticipated. However, with 4-port LTE CRS there are much more collisions between NR SSB and LTE CRS, and thus we ask 3GPP RAN4 to look into this problem, aligning potential solutions with band n38 and n40. 


 
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

	R4-2009936 (TS 38.101-1)
	Company A

	
	Company B

	
	

	R4-2009937
(TS 38.104)
	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: 
-	3 companies prefer Option 1: 
-	1 company indicated that there is a risk that emission requirements will not be met;
- 	1 company indicated that changes to RAN1/RAN2 should be avoided;
- 	1 company did not provide any reasons;
-	3 companies prefer option 1 but can be Ok with option 3 because required power back-off is still within existing MPR margins, i.e. no changes to MPR are needed; 
-	4 companies prefer option 3, out of which:
-	1 company indicated preference for a solution transparent to the UE, i.e. no additional signaling from NW is anticipated;
-	2 companies presented the results according to which some signaling is ideally needed to be on the safe side and to ensure that a UE does not violate emission requirements; 

Recommendations for the 2nd round: 
-	Moderator’s understanding is that already during the May meeting there was a common understanding that companies will work further on Option 3 and its flavors because Option 1 does not provide enough flexibility for a case when SAS allocates a channel, which is not on the common LTE/NR raster. This was also captured in the exception sheet document saying that “decide whether DL transmission has any RF specification impact when the center frequency is shifted by -/+100 kHz; for UL transmission, choose between two alternatives (RB blanking or power back-off) when the channel center frequency is shifted by -/+100kHz”. However, since two technical concerns were raised, they can be addressed during the 2nd round.
- 	For DL, there is a common view that no RF impact is anticipated. One company asked whether shifting the channel requires changes in ACS/blocking. Thus, the potential impact if any can be further analyzed during the 2nd round.
- 	For UL, the goal for the 2nd round is to progress further on the common understanding whether it can be completely transparent to the UE (e.g. with the RB blanking) or not. 


	1-2-1 UL shift
	Summary of comments: 
-	UL 7.5kHz shift for 15kHz SCS:
-	3 companies prefer it to be mandatory;
-	2 companies prefer it to be optional;
-	UL 7.5kHz shift for 30kHz SCS: 
-	2 companies indicated that since UL shift is a common baseband functionality, it will be supported also for 30kHz if it is supported for 15kHz, and thus it can be mandatory; however, they are ok to compromise for optional;
-	5 companies prefer it to be optional;
-	2 companies prefer it that it is not supported at all;
-	2 companies commented explicitly that UL shift decision should be ideally aligned with what has been discussed on discussion thread #138. 
-	MODERATOR NOTE: Referring to discussion thread #138, UL shift for 15kHz SCS is proposed to be mandatory for bands n38 and n40 with no objections. There are also comments on the same thread #138 that UL shift should be optional for 30kHz SCS for bands n38 and n40.

Recommendations for the 2nd round: 
-	Agree that UL shift is mandatory for 15kHz SCS;
- 	Agree that UL shift is optional for 30kHz SCS;
- 	Moderator of discussion thread #125 (Apple Inc.) will coordinate agreements with the moderator of discussion thread #138 (RelianceJio).


	1-2-2 UL shift (UE behavior when UL shift is optional)
	Summary of comments: 
-	3 companies noted that this is in RAN2 scope;
-	5 companies noted explicitly that anticipated UE behavior is that “cell is barred”;
-	4 companies indicated that we can let RAN2 confirm / the corresponding clarification might be needed;  

Recommendations for the 2nd round: 
-	Draft LS to RAN2 explaining the background and asking for confirmation and clarification, if needed;
-	MODERATOR NOTE: The LS can also cover TDD bands band n38 and n40, for which UL shift for 30kHz SCS can be concluded to be optional. The moderator of this discussion thread can synchronize the LS with discussion thread #138.



	1-3 Sync pattern
	Summary of comments: 
-	6 companies do not want to introduce sync pattern B;
-	2 companies, out of which is one operator, think that adding a new pattern is the cleanest solution;
-	1 company mentioned that it would be Ok to add sync pattern B is a new band is added;
-	1 company mentioned that explicitly that adding a new band is not preferred; 
-	MODERATOR NOTE: A similar discussion took place on discussion thread #138, in which somewhat similar opinions were expressed. 

Recommendations for the 2nd round: 
-	It seems that it is difficult to progress on this matter further as the opinions did not change much from the previous meeting;
-	However, the issue is not specific for band n48 and concerns any TDD band where DSS is planned by operators;
-	Some companies expressed opinions (negative and positive) only on #125 and #138 discussion thread;
-	It is suggested to consider this problem as a broader issue impacting a range of TDD bands as a common discussion;




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

	#1
	LS on clarification for the UE behavior when UL shift is optional
	<Apple Inc, TBC>





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  

	R4-2009936 (TS 38.101-1)
	If introduction of UL shift is agreeable, then the corresponding CRs can be revised to include only UL shift related changes.

	R4-2009937
(TS 38.104)
	If introduction of UL shift is agreeable, then the corresponding CRs can be agreed.

	
	

	
	



Discussion on 2nd round (if applicable)
The GTW session on Monday, August 24th, captured some further agreements and common understanding. The corresponding presentation can be found here. 
For the 2nd discussion round, the following topics are proposed:
	Company
	Comments

	xxx
	THIS IS TEMPLATE – DO NOT REMOVE IT
Issue 1-1 DL channel raster:  
UE capabilities and signaling. It proposed to collect further views on which capabilities can be introduced, if needed, and how the overall system will work in terms of signaling between a UE and the network. 

Issue 1-2-1 UL shift:  
Whether UL shift 15kHz SCS can be mandatory and whether there are any technical obstacles for that. For UL shift for 30kHz SCS, whether there are any technical issues with making it optional. It is anticipated that delegates will coordinate band n48 feedback with feedback for NR TDD band n38 and n40.
Corresponding draft CRs are on the 3GPP server in the corresponding sub-folder.

Issue 1-2-2 UE behavior when UL shift is optionally supported:  
The draft LS is on the 3GPP server in the corresponding sub-folder, comments for the LS are welcome.

Issue 1-3 Sync pattern: 
This topic was not discussed during the GTW session but further feedback, if any, can expressed.


	Huawei
	Issue 1-1 DL channel raster
It seems agreeable to keep the existing SCS based raster for NR band n48. But -/+100KHz shift seems needed to align LTE and NR sub-carriers. We can accept Option 3a
Regarding Option 3a-1 and Option 3a-2, there seems simulation needed to see whether the default UE can meet the existing requirements without additional power back-off. If yes, no signaling is needed. Otherwise, it may be needed.
Issue 1-2-1 UL shift
The draft CRs are acceptable to us.
Regarding mandatory or optional, because FR1 capable UE is mandated to support both 15KHz and 30KHz SCSs, mandating support of 7.5KHz UL shift means mandatory for a UE. From UE capability point of view, it does make too much sense to mandate UE supporting 7.5KHz UL shift when 30KHz SCS is deployed while set it as optional when 15KHz SCS is deployed. 
In our view, if for n48 only 30KHz SCS is requested by local regulation, then supporting 7.5KHz UL shift could be optional for the UE. If 15Khz SCS is also requested, it is better to following existing spec.
From BS side, UL 7.5KHz is already optional, since there is RRC signaling to indicate whether it is used or not. 
Issue 1-2-2 UE behavior when UL shift is optionally supported
UL 7.5KHz shift is functionality for the initial access and at that stage UE cannot report capability. In our view, if 15KHz SCS would be used for DSS, it seems undesirable to make UL 7.5KHz shift optional. We are not in favor to set 7.5KHz UL shift as optional and send LS to RAN2.
Regarding LS, it does not tell RAN2 that the optionality is on the condition that 30KHz DL SCS is utilized, which may cause confusion.
Issue 1-3 Sync pattern
As discussed in the first round in this email thread and other email threads, we are against changing sync pattern and propose to Issue 1-2-2 UE behavior when UL shift consider implementation solution to address the issue.
As commented in the first round, for n48 the massive MIMO and multiple SSBs will be configured.  Even with pattern B, only one SSB is free of interference from LTE port-2 and port-3. So the issue due to LTE CRS interference cannot be addressed by the current standard.
One potential solution to mitigate the issue due to LTE four ports is to puncture part of CRS LTE port-2 and port-3 for SSB#0. Such puncture won’t impact LTE RRM measurement, since LTE UE does the measurement based on CRS port-0 and port-1. The suframes containing SSB#0 can be kept for NR scheduling only, scheduling two CRS port transmission or scheduling DMRS based four port transmission. The PRB containing SSB may not be scheduled for LTE since LTE UE may not support sTTI.

	OPPO
	Issue 1-1 DL channel raster
Our view: Option 3b:
As discussed in the online meeting,  an UE needs to be “informed” to active 100KHz shift. Therefore,  a signaling is needed even though it may introduce backward compatibility issues. However, the issue should be addressed with software update rather than hardware changes. 
For Option 3a: We are not quite clear how an UE actives 100KHz without being informed. More clarification needs to be provided. 

Issue 1-2-2 UE behavior when UL shift
Our view: Option c: UL 7.5kHz shift for 30 kHz SCS not supported 
At this point we should agree that UL 7.5KHz shift for 15 KHz SCS is mandatory and there’s no need for further discussion. For 30KHz SCS, UL shift has no proven benefits, to avoid redundancy on UE side, UL shift should not be supported. 

 Issue 1-2-2 UE behavior when UL shift is optionally supported
Regarding LS to RAN2, we suggest that mention explicitly that we are considering 30KHZ SCS, either keeping it optional or not support at all. 

Issue 1-3 Sync pattern
Option 1: Keep existing pattern 
The same as the first round of discussion 


	Intel
	Issue 1-1 DL channel raster:  
Our preference is Option 3b.
Based on our previous analysis in the last meeting, center frequency shift is always predictable if spectrum allocation is known, i.e., 5 MHz, 10 MHz, or 20 MHz, etc. In certain scenario, UE can know this information but not in all cases. Therefore, UE needs a clear indication.

Issue 1-2-1 UL shift:  
Regardless of mandatory or option, it is understood that 7.5 kHz will improve coexistence with 15 kHz SCS. However, we do not understand a technical benefit having 7.5 kHz shift with 30 kHz SCS. 
We suggest to remove 7.5 kHz UL shift for 30 kHz SCS.

Issue 1-3 Sync pattern: 
We prefer Option 1.


	Apple
	Issue 1-1 DL channel raster:
Adding a new UE capability, which will indicate whether the UE supports shrunk guard bands, is an interesting idea, but we try to understand how the system will work in a situation when the UE still does not know whether the center frequency is shifted or not. As an example, if a UE does not support shrunk guard bands, the network will/can try to blank some RBs (even though we are pretty sure that some emission requirements still can be violated) or redirect a UE to another frequency. If a UE supports shrunk guard bands, then how does it know that this particular network configuration has normal or smaller guard bands? Referring to considerations in our discussion paper, the full flexibility can be achieved if we add a new NS_xxx flag, which the network can signal either in SIB or in the RRC signaling. Here are some examples:
-	Case 1: The network broadcasts NS_xxx flag in SIB: 
a)	UEs not supporting shrunk guard bands will not camp on the cell and will search for other cells/frequencies; 
b)	UEs supporting the shrunk guard band will camp on the cell and will apply the corresponding power back-off.
-	Case 2: The network does not broadcast NX_xxx flag in SIB:
a)	A UE not supporting shrunk guard band will still camp on the cell and the network will decide what to do next (blank RBs, redirect) because the network will know that a UE does not support the feature.
b)	A UE supporting shrunk guard bands will camp on the cell, and the network can signal NS_xxx in the dedicated RRC signaling because it knows that a UE supports the feature.

@Huawei: There is unfortunately no such a thing as “default” UE because 3GPP does not have a standard PA model. That is basically the reason why we presented our results with a very conservative model, in which extra power back-off is needed. A more efficient PA will perform better whereupon extra power-backoff will be smaller, but we doubt that it can be avoided in all cases. And we cannot assume either that all UEs will have same PA.

Issue 1-2-1 UL shift
As we discussed/explained in many discussion threads, UL shift is the common baseband functionality, which means that once a UE supports UL shift, it is effectively supported for all the bands and SCS. And we have not heard any technical arguments/reasons why it would be different – this is how it is the case for FDD/SUL bands. We however can imagine that some functionality could be there, but not tested/activated at the moment, and thus we are Ok with making it optional.   

Issue 1-2-2 UE behavior when UL shift is optionally supported
@Huawei: If UL shift is mandatory for all bands and SCS configurations, then I can agree that we do not need to send any LS to RAN2 because from the RAN2 perspective it is mandatory. However, if UL shift is not supported/optional, it would be good to send the LS to at least inform them about it. 
@OPPO: You made a good point, I can clarify further the background in the LS.


	Qualcomm
	1-1
We prefer not to introduce any new NS signaling from the network.  If a UE were to signal a capability, it is essentially telling the network whether it can meet the emission requirements with reduced guardband by taking additional backoff as needed.  If this capabilty, which needs to be set to false by default, is not indicated then the UE cannot meet the emission requirement and requires that the basestation blank an edge RB.  This idea probably needs further thought to work out all the details.
1-2-1
Uplink shift for 15 kHz SCS can be considered for optional.  But not supported for 30 kHz SCS.





Summary on 2nd round (if applicable)

	
	Status summary 

	1-1 Channel raster
	Summary of comments: 
-	1 company prefer not to introduce any new signaling from NW to UE;
-	3 companies prefer option an approach when a UE is informed explicitly whether the center frequency is shifted or not, i.e. whether the guard bands are smaller or not; 
-	1 company commented that if a “default” UE can meet existing requirements with extra power back-off, not signaling is needed; otherwise it may be needed. 

Summary and further recommendations: 
-	Accounting for expressed comments and what was discussed during the GTW session, the following approach is suggested.
- 	We introduce a new UE capability that will tell whether a UE can meet existing requirements with shrunk guard bands (if absent/not signaled, it means that a UE cannot support it). It will allow the network to understand how to handle a UE that does not support shrunk guard-bands, e.g. perform RB blanking.
- 	We introduce NW to UE signaling so that for those UEs, which can handle shrunk guard-bands, the NW can indicate that in a particular case the guard bands are smaller (e.g. when the channel center is not on the 300kHz raster and thus is “shifted” by -/+100kHz). It will allow “shrunk guard-band” capable UEs to apply the corresponding power back-off.


	1-2-1 UL shift
	Summary of comments: 
-	UL 7.5kHz shift for 15kHz SCS:
-	4 companies prefer it to be mandatory;
-	1 companies consider it to be optional;
-	UL 7.5kHz shift for 30kHz SCS: 
-	1 companies commented that there is no technical obstacle to make it mandatory, but it is Ok to make it optional;
-	4 companies prefer not to support it at all; 
-	MODERATOR NOTE: Referring to discussion thread #138, UL shift for 15kHz SCS is proposed to be mandatory for bands n38 and n40 with no objections. There are also comments on the same thread #138 that UL shift should be considered as “not supported” for 30kHz SCS for bands n38 and n40.

Summary and further recommendations: 
-	Agree that UL shift is mandatory for 15kHz SCS;
- 	Agree (tentatively) that UL shift is not supported for 30kHz SCS;
- 	MODERATOR NOTE: An agreement on UL shift for 30kHz SCS can be further aligned with DSS for bands n38 and n40.


	1-2-2 UL shift (UE behavior when UL shift is optional)
	Summary of comments: 
-	2 companies provided further feedback;
-	1 company prefers not to send the LS;
-  	1 company prefers to send the LS to make sure that we have a “safety” mechanism for those UEs that do not support UL shift (e.g. early commercial UEs);

Summary and further recommendations: 
-	Agree LS to RAN2 explaining the background and asking for confirmation of the UE behavior and furthers clarification, if needed;
-	MODERATOR NOTE: As commented on the discussion thread #138, there can be some band n40 UEs that, obviously, will not support UL shift which is introduced only now. In that sense the LS will facilitate also early band n40 UEs as it will allow them not to camp on the cell if UL shift is broadcasted but is not supported by the UE. The same might apply to early band n48 UEs, if such exist. 


	1-3 Sync pattern
	Summary of comments: 
-	2 companies provided further feedback;
-	2 companies do not want to introduce sync pattern B, whereupon 1 company provided detailed technical explanations on why adding sync pattern B will not necessarily help/improve overall performance.

Summary and further recommendations: 
-	The general conclusion is similar to the 1st round, it is difficult to progress on this matter further as the opinions did not change much from the previous meeting;
-	However, the issue is not specific for band n48 and concerns any TDD band where DSS is planned by operators. This problem can be considered as a broader issue impacting a range of TDD bands as a common discussion;




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  

	LS (R4-2011746)
	LS on clarification for the UE behavior when UL shift is optional 
Recommendation: The majority of companies are Ok with the sending the LS and two companies prefer not to send it. The moderator kindly asks the chair to resolve the situation. 

	CR for TS 38.101-1 (R4-2011925)
	Introduction of LTE/NR spectrum sharing in band 48/n48 frequency range 
Recommendation: Agree the CR.

	CR for TS 38.104 (R4-2011926)
	Introduction of LTE/NR spectrum sharing in band 48/n48 frequency range 
Recommendation: Agree the CR.






