[bookmark: _GoBack]TSG RAN Meeting #RP-85	RP-192066
16-20 September 2019, Newport Beach, California, US

Source:	MediaTek Inc., LG Electronics Inc.
Title:	WID: Higher Layer Protocol (TCP) Enhancements
Document for:	Approval
Agenda Item:	8.2.5
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: 	Higher layer protocol (TCP) enhancements 
Acronym: HLPEnh
Unique identifier: 
 NOTE:	For new WIs/SIs leave the Unique identifier empty or you can make a proposal for an Acronym.
	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:
	Either:
	This WID includes a Core part
	x

	This WID includes a Performance part
	


	or:
	This WID includes a Testing part
	

	and it addresses the following 3GPP work area:
	Radio Access
	

	
	Core Network
	

	
	Services
	



1	Impacts
	Affects:
	UICC apps
	ME
	AN
	CN
	Others (specify)

	Yes
	
	X
	X
	
	

	No
	X
	
	
	X
	

	Don't know
	
	
	
	
	X



2	Classification of the Work Item and linked work items
2.1	Primary classification
This work item is a … 
	
	Feature

	X
	Building Block

	
	Work Task

	
	Study Item


NOTE:	Normally, Core/Perf./Testing parts in RAN WIDs are Building Blocks. Only if they are under an SA or CT umbrella, we define them as work tasks. If you are in doubt, please contact MCC.

2.2	Parent and child Work Items 
	Parent and child Work Items 

	Unique ID
	Title
	Nature of relationship

	
	
	


NOTE:	RAN agreed some time ago, that it describes the feature WI + Core/Perf. part WI or Testing part WI in one WID. Therefore the table above should just include the feature WI Unique ID and title and Nature of relationship is "parent WID".

2.3	Other related Work Items and dependencies
{List here other Work Items which relate to the proposed one but are not part of the hierarchical structure.}
	Other related Work Items (if any)

	Unique ID
	Title
	Nature of relationship

	670041
	Study on Latency reduction techniques for LTE
	Study on how to reduce latency for LTE

	710180
	L2 latency reduction techniques for LTE
	Work Item on defining instant uplink access

	720091
	Shortened TTI and processing time for LTE
	Work Item on defining shorter transmission duration and reduced processing time


NOTE:	Also related or dependent WIs in other TSGs should be indicated.

3	Justification
TCP is the preeminent transport protocol for broadband applications, but in a high-speed wireless environment like NR, it has some known performance bottlenecks:
· Head-of-line blocking: Bidirectional links where UL TCP ACKs are likely to be delayed behind regular DL TCP data packets and this in turn increases the RTT (Round Trip Time) resulting in a poor TCP performance. 
· Scheduling delay: The current BSR/SR mechanism requires several handshakes between UE and network, and thus delays the UL TCP ACK transmission in radio interface.
· PDCP reordering delay: In the receiver side, the PDCP entity performs packet reordering which causes delayed delivery of TCP ACK packets.
· Excessive TCP ACK generation: The high DL data rates of NR are expected to generate concomitantly high TCP ACK rate in the UL. For example, 5Gbps DL traffic can generate around 60-90Mbps of UL TCP ACK traffic. For uplink constrained systems (e.g. with asymmetric 5G link speed between DL and UL), it would be beneficial to devise mechanisms that can reduce the UL traffic burden by taking advantage of the fact that UL  TCP ACKs are cumulative.  The use of “Delayed ACK” to address this problem is not universally consistent and is shown to increase the slow start period. This is of concern with video streaming applications using progressive download where multiple video files are transferred.
· High frequency blockage: At mmWave lengths, radio signals are susceptible to blockage by buildings, vehicles, and humans. There is now a growing consensus that blockage exceeding a few tens of milliseconds can have a profoundly deleterious impact on TCP performance. Frequent occurrence of short blockage events can invoke TCP’s congestion avoidance mechanism that causes TCP to clamp down on its window size, thereby reducing data rate. Recovering from these events can take considerable amount of time (in the order of several seconds). The encountering blockages will increase TCP RTT and reduce the throughput. Blockages beyond 200ms will trigger a TCP RTO (Retransmission Timeout) which will (1) reset the TCP congestion window and (2) make the slow start threshold half of its current value.
· Latency difference across different RATs: For applications operating across different RATs, latency difference across different RATs affect TCP performance. For example, the two links of Dual Connectivity (DC) usually do not offer the same latency performance. Three modes of bearer operations are defined on the top of DC: (1) bearer aggregation, (2) bearer switching, and (3) bearer duplication, with bearer anchoring and PDCP reordering in one of the two DC links. Bearer aggregation increases aggregated bandwidth, but TCP performance still suffers from reordering delay imposed by the slower link. This problem is aggravated in slow-start phase, as the growth of TCP-window in slow-start is dominated by RTT. 
· Bufferbloating: Excessive buffering of TCP packets increases the latency and thereby reduce the overall throughput.   
Current TCP implementation is designed and optimized for stable networks, and does not adapt well upon sudden bandwidth changes. Without a chance to adapt its retransmission timer and TCP window to such a large bandwidth decrement, TCP will assume packet loss and trigger un-necessary congestion control triggering TCP retransmissions. These bottlenecks can significantly impair the performance of TCP in the real-world settings, but can be mitigated within RAN2:
· ACK Prioiritisation for head-of-line blockage: Ensuring UL TCP ACKs are not held up by DL TCP data packets in the transmitter side or as a result of reordering in the receiver side.
· Low latency ACK transmission: Ensuring low latency scheduling and resource allocation for UL TCP ACK transmission.
· ACK Suppression for excessive ACK generation: Ensuring sufficient amount of UL TCP ACK are exchanged to achieve the desired TCP performance. 
· DC/CA deployments for high frequency blockage: Having multiple links with fast path switching, packet duplication and fast inter-RAT handover can ensure UL TCP ACK packets are not delayed within a link experiencing poor radio conditions. 
· Buffer bloating: Active Queue Management techniques to prevent excessive buffering.
· Scheduling delays: Shorter latency through a flexible mapping of configured resources and neumerologies. 
This work is intended to enhance the NR radio system in order to:  
· Significantly increase the data transfer over the NR Uu air interface for an active UE;
· Significantly reduce the packet data transport round trip latency for UE;
· Significantly reduce EN-DC switching latency;
· Better packet loss recovery to prevent TCP from wrongly applying congestion control;
· Prevent excessive buffering from occurring;
· Latency reduction through flexible mapping of configured resources and numerologies.
Several companies have indicated their assumption that QUIC will replace TCP, however this is far from certain when there are doubts about its maturity as expressed in the interim conclusion of the Rel-16 WI “Study on IETF QUIC Transport for Service Based Interfaces” [1].  In this light QUIC will not be in the scope of this work item. 
 [1] CP-183245, Study on IETF QUIC Transport for Service Based Interfaces


4	Objective	
4.1	Objective of SI or Core part WI or Testing part WI
The work is expected to proceed as follows:
· Specify enhancements to TCP acknowledgement handling:
· UL TCP ACK prioritisation (for both transmitter and receiver sides);
· Low latency UL TCP ACK transmission
· Study, and if agreed, specify enhancements to path selection and management for TCP traffic:
· Solutions to recover from mmWave signal blocking;
· UL TCP ACK suppression;
· Path selection over dual connectivity;
· Improvement of TCP performance during inter-RAT handover;
· AQM measures to prevent excessive buffering;
· Reduce scheduling delays

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 new 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 >0 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 part in the attached Excel table.
additional comments to the time budget request in the attached Excel table:

5	Expected Output and Time scale

	New specifications {One line per specification. Create/delete lines as needed}

	Type 
	Series
	Title
	For info 
at TSG# 
	For approval at TSG#
	Remarks

	
	
	
	
	
	



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 Remarks for each spec.
By default a new specs can only be new for one of both parts.

	Impacted existing TS/TR {One line per specification. Create/delete lines as needed}

	TS/TR No.
	Description of change 
	Target completion plenary#
	Remarks

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


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 Remarks 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.
6	Work item Rapporteur(s)

Rapporteur:	TBD
Company: 	TBD
Email:    	TBD


7	Work item leadership

RAN WG2

8	Aspects that involve other WGs
	
NOTE:	For RAN WIDs: Section 8 applies only toWGs outside of TSG RAN because RAN WG aspects have to be covered in section 4.

9	Supporting Individual Members
	Supporting IM name

	

	

	

	

	

	

	

	

	

	

	

	

	






