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1	Introduction
This summary of the email discussion on NR dynamic spectrum sharing (DSS).
2		Discussion
The RAN#84 contributions containing DSS enhancement proposals are listed at the end of this document ( [1] – [3]). 
Deadline for the company input on 22 of November 2019 allowing time to define to discuss conclusions before RAN#86. 
2.1  Use cases and scenarios 
In this subsection the question is what are the use cases and operation scenarios where dynamic spectrum sharing(DSS) enhancements are needed.
	Company
	Input on use cases and scenarios

	Ericsson
	We see no specific use case or operation scenario requiring DSS enhancements, but since it is predicted (link) that the NR device penetration will rapidly ramp up, sufficient scheduling capacity for NR UEs on DSS carriers need to be ensured

	Huawei, HiSilicon
	Rel-15 and Rel-16 provide very good support for DSS. While Rel-16 enhances DSS by enhancing rate-matching (mapping) of NR signals and channels, it may be difficult to significantly further enhance DSS capacity based on the same principles as we are reaching the limit of what can be rate-matched. We think that meaningful enhancements for DSS could be achieved in the context of carrier aggregation of multiple NR cells.

	Telstra
	We see DSS existing in sub-3GHz FDD bands for many years into the future so while Rel-15/16 brings a good solution, it comes at the cost of network capacity. The CA enhancements proposed by Huawei may help recover some of this lost capacity so we would like to see a study undertaken.

	AT&T
	Mostly agree with Ericsson. Main target should be to improve DSS efficiency compared to Rel. 15. We have identified CSI feedback and PDCCH enhancements as main enablers. PDCCH capacity in DSS deployments is expected to become a severe bottle neck. Moreover, enabling (e)URLLC on shared carriers is seen as an important use case for DSS in Rel. 17

	Sprint
	We think DSS will be wanted/needed for quite some time.  Like CDMA, we expect LTE users to be around for numerous years.  Optimizing efficiency for both same and mixed numerology should be prioritized.  Many unlicensed and ligtly-licensed bands will result in need for mixed numerology TDD solutions.

	KDDI
	We agree that the technologies which contribute to PDCCH capacity and URLLC use cases is important for Rel-17.
Addition to that, we also want to have RAN3 open interface discussion for multi vendor operation among LTE and NR.

	Verizon
	Agree with most of the above. We also think DSS is very important. Sharing efficiency and flexibility is important to balance capacity and coverage. Sharing with LTE/eMT and NB-IOT should also be considered.



2.3  Evolution areas
What are the evolution areas that need to be considered? Based on the RAN#84 contributions and subsequent the online discussions, companies proposals fell within the following categories:
· Mixed numerology cases 
· PDCCH capacity enhancements 
· CSI enhancements 
· URLLC use cases
· L1 control overhead reduction
· Enhancements to efficiently utilize narrow and non-continuous spectrum
· Enhanced cross carrier scheduling
· Allow, in addition to self-scheduling, allow NR PDCCH on SCell to schedule NR data on PCell/PSCell
· Enhanced NR ZP-CSI-RS to enable efficient rate matching of LTE CSI-RS

With respect to these areas, and possibly additionally proposed areas, companies are invited to quantify and qualify the issue needing enhancements. 
	Company
	Evolution areas

	Ericsson
	To allow a SCell to schedule a P/PSCell would increase the flexibility of cross carrier scheduling, which we believe would be useful to further increase the scheduling capacity of NR devices on an DSS cell. This enhancement could however be included in the MR-DC/CA work.
After further evaluations, we see only limited use for enhance ZP-CSI-RS to enable more efficient LTE CSI-RS rate matching, and hence no need for this enhancement.
We see no need for enhancement for mixed numerology use cases either. For FDM with mixed numerologies, guard bands are needed which negates any gain from improved CRS rate matching to support mixed numerologies.

	Huawei, HiSilicon
	In the context of NR CA, where a DSS cell could be either PCell or SCell (for different UEs or SCell for all UEs as a network choice when possible), the problem to solve is to have sufficient scheduling capacity for scheduling NR UEs on the DSS cell with limited capacity for NR PDCCH on the DSS cell, but without creating a control capacity bottleneck on another (non-DSS) carrier. In certain cases, it may be feasible to move the control capacity completely out of the DSS carrier, if this is not undesirable from network planning perspective. While enhancing cross-carrier scheduling (by allowing SCell to schedule PDSCH on PCell) solves part of the problem, we believe that this becomes practical only if it comes with PDCCH overhead reduction, such as enabling scheduling PDSCH over multiple cells with a single PDCCH.
In summary, we would like to prioritize PDCCH capacity enhancements along with L1 control overhead reduction in the context of DL CA where some carrier(s) could use DSS between NR and LTE, based on some form of cross-carrier scheduling.
Huawei’s response to phase 1 included other potential enhancements (SSB-less NR carrier in a group of inter-band CA NR carriers, where the SSB-less carrier could be a DSS carrier), which could be also be considered if time budget allows.

	AT&T 
	We are generally supportive of any DSS enhancements but feel DSS efficiency enhancements are most pressing. We propose CSI feedback and PDCCH enhancements as main enablers for that. 
The relationship of DSS and MR-DC/CA requires further discussion. It is not clear how an Option 2 DSS deployment fits under the MR-DC/CA umbrella.

	Sprint
	We think DSS will be wanted/needed for quite some time.  Like CDMA, we expect LTE users to be around for numerous years.  Optomizing efficiency for both same and mixed numerology should be prioritized.  We also need to ensure against future 'surprises' like the SSB issue Samsung discovered in Rel-16.  It would be good to see solutions to the SSB-CRS coexistence issue that does not require use of MBSFN sub-frames.

	KDDI
	We agree with AT&T and Sprint views that CSI feedback, PDCCH enhancements and Mixed numerology cases are main enablers.

	Verizon
	Supportive of all DSS enhancements. We think efficiency and flexibility is important. DSS with LTE/eMTC and NB-IOT should be considered.



2.4  Other comments
Companies can provide additional comments here, if not covered by other subsections.

	Company
	Other comments

	KDDI
	We also want to have RAN3 open interface discussion for multi vendor operation among LTE and NR. The open interface which enables tight coordination among LTE scheduler and NR scheduler.

	
	



Summary of input 
The following contains a summary of the inputs received.
3.1	Use cases, scenarios and key requirements
Operators emphasized the importance of DSS and that shared carriers will be around for a long time. Sharing efficiency is important and also need for sufficient PDCCH capacity was emphasized. Also mentioned were (e)URLLC on a DSS carrier, need for mixed numerology TDD solutions for unlicensed and lightly-licensed bands and sharing with LTE/eMT and NB-IOT.
3.2	Evolution areas
The proposals for DSSevolution can be grouped into the following:
· PDCCH enhancements, including
· Scell scheduling PScell
· Single PDCCH scheduling multiple cells
· CSI feedback enhancement for DSS
· SSB-less NR carrier as a DSS carrier
· SSB-CRS coexistence issue requiring use of MBSFN sub-frames
3.3	Other comments
A RAN3 discussion on open interfaces for multi vendor DSS operations was proposed.

4	Proposed way forward for RAN#86
Based on the input, clearly, PDCCH enhancements are supported by all companies. The proposal is to define an objective for this. 
For the remaining of the topics in the list in Section 3.2, more discussion is needed. SSB-CRS coexistence is already discussed in RAN1 within the scope of Rel-16 TEI. Also, the need for open interfaces for multi-vendor DSS operations needs further discussion. 
It should be discussed if a separate work item is needed of the work can be included in other work items (e.g. MR-DC CA).
Objectives for the following functions should be drafted for the study item NR dynamic spectrum sharing
	-	PDCCH enhancements, including
		o	Scell scheduling PScell
	o	Single PDCCH scheduling multiple cells

4	Conclusion
Based on the proposal in section 4, a study item description has been proposed in [4].
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