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1 [bookmark: _Ref298777854]Abstract
This document summarizes the Rel-16 scoping email discussion on NR spectrum utilization efficiency enhancements, moderated by Huawei. The email discussion took place on the RAN_DRAFTS email reflector under the tag [NR_spectrum_enh]. Feedback was received from 20 companies.
2 Summary of the email discussion

A summary of the views expressed by the companies is provided below. This summary focuses on the scenarios, benefits and priorities expressed by respondents, but does not address potential overlap with other Rel-16 proposals, which should be addressed directly at RAN TSG.
 
	Scenarios in moderator’s kick-off email and additional scenarios proposed by other companies
	Company views
	Summary and Recommendation

	Potential scenario #1: 
Non-collocated deployment of the site receiving NR SUL and the site transmitting NR DL, where the DL and the SUL are in the same serving cell for a UE
 
	Support (12): Telus, NTT Docomo, CATR, InterDigital, Orange (NR-NR DC in FR1), Huawei, HiSilicon, China Unicom (multi-TRP scenario), China Mobile, III, Vivo, CATT (multi-TRP-based mobility)

Support of non-collocated spectrum aggregation in general (3): Nokia, ZTE, Ericsson (expand to DL sharing)

Not support if limited to SUL enhancements (4): Nokia, ZTE, Ericsson, Samsung
	Respondents did not all agree that the focus should be on SUL enhancements, but respondents indicated that non-collocated NR deployments on different carriers are important deployments within Rel-16.
The spectrum aggregation techniques envisioned for this scenario depend on the backhaul delay assumption: non-collocated/inter-gNB CA, dual connectivity (NR-NR DC), multiple connectivity (more than one SCG), mmw DL paired with sub6 GHz SUL, mmw TDD paired with sub6 GHz SUL, mmw + sub6 CA with DL&UL sharing with LTE.
The different techniques would require different amount of work to be supported/enhanced in Rel-16. 
Two companies suggested enhancing the support for DL sharing from network or UE perspective, such as enhancing reference signals.
Moderator’s proposal: draft an objective to specify support for non-collocated deployments on different carriers in Rel-16, including DC, CA, SUL, LTE/NR UL sharing, and LTE/NR DL&UL sharing.

	Potential scenario #2: Multiple SUL frequencies in one network. Network should be able to assign UEs to different SUL layers and manage this during mobility. Potentially also support multiple SUL for one UE.

	Support (4): Telefonica, Huawei, HiSilicon, Orange (mobility between multiple SUL layers)
Not support (3): Nokia, Ericsson, Samsung
	The support for multiple SUL frequencies received a low level of support.
However, 3 respondents expressed the potential benefit of supporting simultaneous transmission over UL and SUL, at least for NR standalone.
Moderator’s proposal: no clear support for a Rel-16 objective.

	Potential scenario #3: Defining more band combinations with SUL, e.g. SUL+mmw (see potential scenario #1), SUL+SDL, 2100 MHz as SUL

	Support (5): Telefonica, Telus, AT&T, Huawei, HiSilicon
Support SDL+SUL (5): AT&T, Orange, Nokia, Huawei, HiSilicon
Study (2): InterDigital, Ericsson (expand to DL sharing)
Not support: several companies indicated this is RAN4 business as usual
	Respondents felt that this is part of the regular RAN4 work on band combinations. It was clarified that pairing of SDL and SUL is already being handled in Rel-15 based on the latest RAN4 progress.
The remaining aspects of this scenario are to expand the scope of LTE/NR sharing for FR1 bands paired with higher frequency bands, so this is covered by the discussion on scenario 1.

Moderator’s proposal: handle band combinations and SUL combinations in RAN4 as usual

	Potential scenario #4: More efficient use of scattered spectrum within a band. At least pursue L1/L2 NR enhancements to reduce control and signaling overhead for intra-band non-contiguous CA (e.g. one virtual carrier configured over non-contiguous spectrum blocks of one or more operators)

	Support (7): InterDigital, Orange, Telefonica, Telus, AT&T, Huawei, HiSilicon
Specific support for faster CA (7): CATT, Orange, ZTE, Ericsson, Nokia, Huawei, HiSilicon
Study (1): OPPO
Not support if there is a change of how RF requirements are defined in RAN4 (3): Ericsson, Nokia, Samsung
	Respondents generally felt that this scenario should continue being based on the framework of intra-band non-contiguous CA because of the coexistence constraints and the need to define RF requirements per component carrier (rather than per BWP).
Assuming there is no change on how RF requirements are defined, respondents acknowledged that work to reduce the overhead of L1/L2 control signaling would be useful for CA in general but that solutions should be investigated. Respondents generally agreed that enhancements are needed for faster setup, activation/deactivation, switching of cells/carriers and BWPs.
Moderator’s proposal: draft an objective for L1/L2 enhancements to reduce control and signaling overhead for CA, and support faster CA and BWP adaptation in Rel-16

	Potential scenario #5: Support of irregular spectrum blocks, including blocks smaller than 5 MHz (no SS block)

	Support (4): Orange, China Unicom, Telefonica, AT&T
Study later (2): OPPO, InterDigital
Not support (3): Ericsson (open to study later depending on commercial interest), Nokia, Samsung
	Respondents generally thought that this would be the continuation of a RAN4 study on defining unwanted emissions requirements for a scalable bandwidth, but it was unclear how complex this would be and whether this should be done in Rel-16 or based on specific bandwidth demands.

Moderator’s proposal: handle in RAN4 based on specific demands

	Potential scenario #6: Support of multiple services in one carrier for a UE, where different services can be served using different numerologies and scheduled simultaneous and with zero switching delay (e.g. multiple active BWPs)

	Support (13): OPPO, Telefonica, Telus, T-Mobile USA, AT&T, NTT Docomo, Orange, China Unicom, China Mobile, III, China Telecom, Vivo
Study (1): InterDigital
Not support multiple active BWPs (3): Ericsson, Nokia, Samsung
	Respondents supported to specify support for multiple active BWPs or for extending the definition of BWP.
Some responses proposed additional BWP and CA enhancements including switching and adaptation enhancements, C-DRX operation with BWP, as well as fast cell set-up, fast Scell activation by DCI, and low overhead serving cell configuration/activation, and more flexible numerology configurations, and improving the efficiency of short transmission duration scheduling. Note those enhancements are generally covered by the moderator’s proposal for scenario 4 above.
Moderator’s proposal: include an objective of supporting multiple active bandwidth part in brackets. Further discuss this objective at RAN#80.



It emerged from the discussion on the scenarios #1, #3 and #6 that CA enhancements in the direction of faster setup, activation/deactivation, switching of cells/carriers and BWPs is needed in Rel-16. Two companies proposed specific objectives as shown below:
· Fast cell set-up: Setting up and maintaining serving cells as fast as possible
· Fast measurements of candidate cells
· Fast serving cell configuration/activation
· Minimized signaling overhead for initial cell setup
· Fast Scell Activation by DCI
· Recovery from failure cases like RLF/S-RLF and Beam failure recovery
· Low overhead serving cell configuration/activation
· BWP enhancements including switching and adaptation enhancements
There were a few responses proposing miscellaneous enhancements to spectrum aggregation:
· Define an optional UE capability for supporting simultaneous transmission on the SUL and NR UL carriers of the same cell
· UL carrier switching for signals/channels other than SRS where the UE only supports one active  UL carrier which can dynamically be switched among a set of RRC configured carriers
· PUCCH on carriers/cells without SSB for load balancing in intra-band CA, particularly in FR2
· RRM measurements with simultaneous data reception on carriers without SSB
· More than two NR PUCCH-groups for NR-CA, EN-DC, NR-DC (multiple connectivity)
· More than two numerologies within a NR PUCCH-group or within a NR cell-group
· Dynamic/semi-static PUCCH cell indication/configuration within a PUCCH-group
· Measurement outside the active BWP etc.
It is the moderator’s understanding that multiple numerologies within a PUCCH group is supported in Rel-15, that RRM measurement outside the active BWP is also supported in Rel-15, and that for a UE to support more than two NR PUCCH-groups requires the UE to be capable of at least 3 simultaneous ULs in case of NR-NR CA and at least 4 simultaneous ULs in case of EN-DC.

3 Proposal
Based on the summary above, an initial list of potential objectives for a Rel-16 WI on NR spectrum aggregation enhancements is provided below:
· Specify the support of non-collocated deployment with spectrum aggregation (FR1-FR1, FR1-FR2) [RAN1, RAN2]
· with non-ideal backhaul 
· Standalone NR-NR DC, including the case of LTE-NR spectrum sharing from network perspective (UL sharing with SUL, UL&DL sharing)
· Non-standalone NR-NR DC, including the case of LTE-NR spectrum sharing from UE perspective (UL sharing with SUL, UL&DL sharing)
· with ideal backhaul
· Enhance NR-NR CA and NR-SUL types of aggregation with LTE-NR spectrum sharing from network perspective (UL sharing with SUL, UL&DL sharing)
· Enhance EN-DC with and without SUL, for LTE-NR spectrum sharing from UE perspective (UL sharing with SUL, UL&DL sharing)
· Specify intra-band CA and inter-band CA enhancements to reduce overhead of serving cell configuration and downlink control signaling, and to enable faster setup/activation/deactivation/switching of cells/carriers/BWPs. [RAN1, RAN2, RAN4]
· L1 downlink control overhead reduction
· Fast cell set-up: Setting up and maintaining serving cells as fast as possible
· Fast measurements of candidate cells
· Fast serving cell configuration/activation
· Minimized signaling overhead for initial cell setup
· BWP enhancements, switching and adaptation enhancements
·  [Specify support of multiple active BWPs with different numerologies from UE perspective within a carrier]


Assuming the first two main objectives would be part of a Rel-16 work item, the workplan with corresponding TU budgets is proposed as below:
· 2018/Q4:
· RAN1 work on CA L1 control and fast cell measurements (1 TU/WG meeting)
· RAN2 work on NR-NR DC (1 TU/WG meeting)
· RAN3 work on NR-NR DC (1 TU/WG meeting)
· 2019/Q1-Q2: 
· RAN1 work on NR-NR DC including LTE/NR coexistence (1 TU/WG meeting)
· RAN1 work on fast cell setup and BWP enhancements (1 TU/WG meeting)
· RAN2 work to finalize RAN2 aspects of NR-NR DC (0.5 TU/WG meeting)
· RAN3 work on NR-NR DC (1 TU/WG meeting)
· RAN4 start work on core requirements
· 2019/Q3-Q4: 
· RAN1 work to finalize NR-NR DC with LTE/NR coexistence (1 TU/WG meeting)
· RAN1 work to finalize fast cell setup and BWP adaptation (1 TU/WG meeting)
· RAN2 work to finalize fast cell setup and BWP adaptation (0.5 TU/WG meeting)
· RAN3 work to finalize NR-NR DC (1 TU/WG meeting)
· RAN4 to complete core requirements, start work on performance part
· 2010/Q1-Q2: 
· RAN4: completion of performance part

The corresponding WID can be found in RP-180885.
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