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9.1
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:
Study on non-linear precoding for MIMO and CRAN/COMP Coherent JT
Acronym:
SI_NR_THP
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
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

Co-ordinated Multi-point Transmission (COMP) with coherent joint transmission (JT) was studied during LTE rel-11 phase. Issues like CRS collision with data was one of the issues that prevented adoption of COMP JT in rel-11. NR specification does not have such legacy issues that limit the adoption of JT.

Cloud RAN with distributed RRHs can potentially employ advanced COMP JT methods like Non-linear precoding techniques e.g., Tomilson-Harashima Precoding (THP) and TDD reciprocity based CSI calibration to improve the network capacity.  In R1-1703490, we presented field trial results of CRAN/COMP JT employing THP and TDD reciprocity based CSI calibration. We demonstrated complete interference removal for the case of 6 RRHs distributed inside a building. In our filed trial, commercial grade LTE RRHs are connected by fiber (CPRI-interface) to the cloud processor. TD-LTE band 40 was used for the experiments. In this in-building distributed RRH scenario we did not observe any performance degradation due to inter RRH frequency offsets or due to propagation delays that are well with in cyclic prefix. Non-linear precoders like THP generally performs very well and offers capacities close to theoretically optimum. THP provides additional flexibility in scheduler design and has implementation complexity comparable to linear precoders. THP also tends to reduce overall implementation complexity over linear precoders when complexity associated with user pairing and scheduling is taken into account.
During NR study item phase, several companies proposed study of non-linear precoding techniques e.g., THP for enhancing single BS MIMO performance. THP is also expected to provide significant performance advantage over linear precoder for the case of a single BS with multiple co-located antennas. 
The following agreement was captured during RAN1#88 w.r.t. non-linear precoding study:
R1-1704009
Non-linear precoding
Mitsubishi Electric, InterDigital, IITH, CeWiT, IITM, Tejas Networks, KDDI, AT&T, Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, NTT DOCOMO

Agreements:
· In NR, transmitter side interference cancellation techniques for co-scheduled UEs have been studied in RAN1, where nonlinear precoding was identified as one of the transmitter side interference cancellation techniques. RAN1 can consider further studying the following nonlinear precoding techniques
· DPC based precoding techniques (e.g., Tomlinson Harashima precoding, QL based DPC, ZF-THP), vector perturbation
· Linear and nonlinear hybrid precoding techniques 
Considering above mentioned agreement, it is justified that a study item be introduced in rel-15 that initiates study of non-linear precoding techniques for adoption in DL MIMO and DL CRAN/COMP coherent JT use cases.
4
Objective

4.1
Objective of SI or Core part WI or Testing part WI
The objectives of this work is to study the benefits of adopting non-linear precoding techniques for NR DL MIMO and Coherent COMP JT use cases. In particular, the proposed study will cover the following objectives:
1. Study non-linear precoding techniques e.g., Tomlinson Harashima precoding, QL based DPC, ZF-THP, vector perturbation for MU MIMO or COMP Coherent JT
2. Linear and nonlinear hybrid precoding techniques 
3. Study DL CSI-RS and CSI feedback requirements including TDD CSI calibration methods at gNB
4. Impact to DMRS design

5. Identify requirements on CP duration, frequency offset tolerance

6. Study the performance for the case of:

a.  Indoor Hotspot distributed RRHs

b. Macro and small cell/Micro layouts
7. Identify specification impact to NR phase WI
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

	TR 36.xxx
	Study on non-linear precoding for MIMO and CRAN/COMP coherent JT
	RAN1
	
	RAN
	RAN#75
	

	
	
	
	
	
	
	


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)
Kuchi, Kiran
Company:
IITH
Email:
kkuchi@iith.ac.in
12
Work item leadership

Primary: RAN WG1
Secondary: RAN WG2, WG4
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

	IITH

	CEWiT

	IITM

	Tejas networks
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