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3GPP™ Work Item Description
For guidance, see 3GPP Working Procedures, article 39; and 3GPP TR 21.900.
Comprehensive instructions can be found at http://www.3gpp.org/Work-Items
Title:	Multi Antenna Enhancements for NR
Acronym:	NR-MAE
Unique identifier:	
NOTE:	If this is a RAN WID including Core and Perf. part, then Title, Acronym and Unique identifier refer to the feature WI. Please tick (X) the applicable box(es) in the table below:
	This WID includes a Core part
	

	This WID includes a Performance part
	



1	3GPP Work Area
	X
	Radio Access

	
	Core Network

	
	Services



2	Classification of WI and linked work items
[bookmark: _GoBack]2.0	Primary classification
This work item is a …
	X
	Study Item (go to 2.1)

	
	Feature (go to 2.2)

	
	Building Block (go to 2.3)

	
	Work Task (go to 2.4)



NOTE:	Core, Performance and Testing parts of RAN WIs are usually Building Blocks.
If you are in doubt, please contact MCC.
2.1	Study Item
	Related Work Item(s) (if any]

	Unique ID
	Title
	Nature of relationship

	
	
	



Go to §3.
2.2	Feature
	Related Study Item or Feature (if any)

	Unique ID
	Title
	Nature of relationship

	
	
	



Go to §3.
2.3	Building Block
	Parent Feature (or Study Item)

	Unique ID
	Title
	TS

	
	
	



This work item is … 
	
	Stage 1 (go to 2.3.1)

	
	Stage 2 (go to 2.3.2)

	
	Stage 3 (go to 2.3.3)

	
	Test spec (go to 2.3.4)

	
	Other (go to 2.3.5)



2.3.1	Stage 1
	Source of external requirements (if any)

	Organization
	Document
	Remarks

	
	
	



Go to §3.
2.3.2	Stage 2
	Corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	



	Other source of stage 1 information

	TS or CR(s)
	Clause
	Remarks

	
	
	



If no identified source of stage 1 information, justify: 
Go to §3.
2.3.3	Stage 3
	Corresponding stage 2 work item (if any)

	Unique ID
	Title
	TS

	
	
	



	Else, corresponding stage 1 work item

	Unique ID
	Title
	TS

	
	
	



	Other justification

	TS or CR(s) or external document
	Clause
	Remarks

	
	
	



If no identified source of stage 2 information, justify: 
Go to §3.
2.3.4	Test spec
	Related Work Item(s)

	Unique ID
	Title
	TS

	
	
	



Go to §3.
2.3.5	Other
	Related Work Item(s)

	Unique ID
	Title
	Nature of relationship
	TS / TR

	
	
	
	



Go to §3.
2.4	Work task
	Parent Building Block

	Unique ID
	Title
	TS

	
	
	



3	Justification
Rel-15 work item for NR is foreseen to include basic support for multi antenna technology, which is also a basic component for high carrier frequencies. In order to meet the industry demands for an early delivery of Phase I NR specification, MIMO technology components, such as advanced explicit feedback, have been already down-prioritized by RAN.
Multi antenna techniques have been a capacity enhancer for multiple technologies such HSPA and LTE. In new radio, multi antenna techniques are becoming an integral system component. In high carrier frequencies, the form factor of the antenna arrays is making feasible the utilization of a large number of antennas, while also new antenna architectures based on digital/analog and hybrid of the two, are becoming possible. Further study is needed in order to identify the multi-beam operation in high carriers for eMBB and URLLC type of applications with multi-point techniques. 
The active antennas are a reality also in low carrier frequencies where high numbers of antenna ports are supported by LTE and NR Phase I. Extension of the number of ports, such as 64, requires further study, along with the CSI feedback operation and all the other supporting mechanisms such as reference signals and interference estimation. Advanced and increased resolution CSI feedback should target at massive MIMO combined with JT CoMP over several cells and sites, where JT CoMP is expected to be a powerful means for interference mitigation in highly interference limited sceanarios. Such goals require careful investigation of CSI feedback overhead/latency, UE computation reliability and complexity. Considering per channel component feedback could be a solution for limiting the overall overhead, where a channel component is defined as the combination of one Tx- and one Rx-beam forming an effective radio channel.
In addition, non-linear precoding has been identified as a promising candidate of new radio. With full/explicit CSI at the transmitter side, “Dirty-Paper” Coding (DPC) technique relies on a pre-subtraction of the non-causally known interference, and can achieve the maximum sum rate of the system and provide the maximum diversity order. Tomlinson-Harashima precoding (THP) is a simplified and efficient version of DPC, which is less computationally demanding and thus more attractive for practical implementation. Non-linear precoding such as THP is able to provide a significantly enhanced system performance as compared to linear precoding, especially for correlated channels where the subspaces of UEs are overlapped. For future multiple antenna systems, how to take advantages of high-performance non-linear precoding in single-and multi-TRP application scenarios is a key issue and of prime interest for further discussions.
Generally more advanced Tx.schemes ranging from massive MIMO, JT CoMP to non -linear precoding or other future concepts are more sensitive to channel estimation errors and especially to channel information aging or outdating. For that reason, the potential of novel channel prediction techniques to stabilize the radio channel for moving UEs should be evaluated. A flexible and adaptive CSI reporting framework with and without channel prediction should be considered.




4	Objective
4.1	Objective of SI or Core part WI or Testing part WI
The objective of this Study Item is to identify multi-antenna enhancements complementing the ongoing Rel-15 NR specifications as well as potential new ways of multi antenna operation. 

The detailed objective of the study should consider:
RAN1:
1. Multi-beam operation in high frequency carriers including:
· Efficient beam switching at both TRP and UE for beam sweeping operation
· Increased reliability multi-beam multi-TRP transmission 
· Efficient transmission/reception of data and control from multi-panel/TRP. 
· Optimization of high speed train operation
2. Advanced CSI acquisition schemes in support of non-linear precoding operating, advanced linear precoding in combination with large JT CoMP clusters
· Reference signal design (e.g., DMRS, CSI-RS, etc.) to avoid large training overhead (e.g., by using non-orthogonal CSI-RS sequences)
· High resolution/fast CSI feedback (e.g., by using per channel component (explicit) CSI feedback) for increased (CoMP-cluster) array sizes consisting of 64 or more antenna ports, 
· Channel prediction & Low rate low latency feedback links to overcome CSI aging (e.g., high speed train) and to relax backhaul requirements 
3. Transmitter side interference cancellation techniques based on non-linear precoding including:
· Efficient non-linear precoding based solutions in MU MIMO single-TRP, multi-TRP, and multi-panel scenarios
i. Purely non-linear precoding schemes, e.g., THP, vector perturbation
ii. Linear and non-linear hybrid precoding techniques 
· Reference signal design (e.g., DMRS, CSI-RS, etc.) 
· Specific signalling schemes to support non-linear precoding
· Potential backhaul and fronthaul impacts
· Impacts from channel imperfections such as channel estimation error, TDD reciprocity error, etc.  
4. Efficient  multi antenna operation in a multi-numerology setup including:
· RS transmission
· CSI measurement enhancements 

RAN4:
· Study the related RAN4 impacts, e.g impact on overall performance of RF chains OOBE requirements relaxation.



4.2	Objective of Performance part WI
NOTE:	Leave empty if the WI proposal does not contain a RAN performance part.

4.3	RAN time budget request (not applicable to RAN5 WIs/SIs)
NOTE:	For all RAN related WIs/SIs which are not led by RAN WG5 the WI/SI rapporteur has to fill out the attached Excel table to request time budgets for corresponding RAN WG meetings.
The Excel table has to be filled out for all affected RAN WGs and up to the target date of the WI/SI.
One time unit (TU) corresponds to ~ 2 hours in the meeting.
If no TU is needed leave the field empty otherwise enter a number in the field.
	For revisions of already approved WI/SI descriptions: Please remove the Excel table from the WID/SID's zip file. The time budgets are already recorded. If you want to modify them, then this has to be done via the status report and not via a revised WID/SID.
	If this WID is covering Core and Performance part, then please fill out one line for each of them in the attached Excel table.
additional comments to the time budget request in the attached Excel table:

5	Service Aspects

6	MMI-Aspects

7	Charging Aspects

8	Security Aspects

9	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	X

	Don't know
	
	
	
	
	



10	Expected Output and Time scale
	New specifications [If Study Item, one TR is anticipated]

	Spec No.
	Title
	1st rsp. WG
	2nd rsp. WG(s)
	Presented for information at plenary#
	Approved at plenary #
	Comments

	TR38.xxx
	Feasibility Study for Multi antenna enhancements for NR
	RAN1
	RAN2
	RAN#78
	RAN#79
	

	
	
	
	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Comments for each spec.
By default a new specs can only be new for one of both parts.

	Affected existing specifications  [None in the case of Study Items]

	Spec No.
	CR
	Subject of the CR
	Approved at plenary#
	Comments

	
	
	
	
	


NOTE:	If this is a RAN WID including Core and Perf. part, then all new Core part specs have to be listed first and then all new Perf. part specs. Indicate "Core part" or "Perf. part" under Comments for each spec.
If an existing spec is affected by both (Core part and Perf. part), then it has to be listed twice with appropriate approval dates.
11	Work item rapporteur(s)

TBD (at) Nokia.com

12	Work item leadership

RAN WG1

NOTE:	If this is a RAN WID including Core and Perf. part, then this WG specifies the WG leading the Core part.
RAN WG4 is by default leading the Perf. part.

13	Supporting Individual Members
	Supporting IM name

	Nokia

	Alcatel-Lucent Shanghai Bell

	Telefonica
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