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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

1
Scope

In the past few years, a considerable increase in number of users as well as offered traffic per user has been experienced in HSPA networks, both in the downlink and in the uplink.

In response to this, several features have been standardized in 3GPP. These include multi-carrier HSPA, downlink and uplink CELL_FACH state enhancements, and introduction of downlink and uplink MIMO. However, much of the focus has been on improving downlink performance and further enhancements are needed for the uplink to handle increasing traffic load as well as new traffic types.

2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".

[2]
3GPP RP-122019, "Study on Further EUL Enhancements".
3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

<defined term>: <definition>.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].

EUL
Enhanced Uplink
RoT
Rise over Thermal
4
Objectives of the Further EUL Enhancements Study
The study on Further EUL Enhancements should fulfill the following objective of identifying potential technical solutions for increasing the uplink capacity, coverage and end user performance (e.g. latency, achievable rates, etc.). The improvements should address following scenarios:
-
Improvements to uplink user plane cell capacity with high number of users (high priority).

-
Improvements to uplink coverage and latency (lower priority).

Currently identified areas include:

1)
Enabling high user bitrates in a mixed-traffic scenario by means of, e.g., a more efficient method of confining high-RoT operation to dedicated secondary carriers.
2)
Rate Adaptation to support improved power and rate control for high rates.
3)
Improvements to handling of dynamic traffic on EUL, e.g. more efficient grant handling, improvements to the handling of scheduled and non-scheduled data and control transmissions during bursty traffic, etc.

4)
Improvements to EUL coverage when using single RAB as well as various multi-RAB combinations.

5)
Improvements to current access control mechanism to provide efficient approach for UTRAN in case of uplink overload.

6)
Reduce UL control channel overhead for HSPA operation.
7)
Mechanisms to perform UL data compression between the UE and the RAN

-
Evaluate compression gains and performance benefits for different types of smartphone traffic. At least UL capacity, signalling load, UE battery and latency should be considered.

-
Mechanisms to selectively enable/disable data compression when traffic is compressible/uncompressible.

8)
Low-complexity uplink load balancing solutions, e.g. a fast uplink carrier switching in Cell_DCH state, especially for configurations where the downlink is configured in multicarrier operation while the uplink is in single carrier.
5
Study Areas
5.1
Access Control

5.1.1
Background and motivation

Access Control mechanisms include Access Class Barring (Rel-99), DSAC (Rel-6), PPAC (Rel-8) and Extended Access Class Barring (Rel-11).

ACB, DSAC and PPAC rely on the separation of Access Classes 0-15 among barred and not barred. This is indicated in the SIB3, with separate bit strings for ACB, DSAC PS/CS and PPAC. Depending on what kind of barring is applied, the UE may not be allowed to send an RRC Connection Request to setup a connection to any CN domain (ACB), may not be allowed to send an RRC Connection Request or an Initial Direct Transfer to setup a signalling connection to a “barred CN domain” (DSAC), may not be allowed to setup a connection to a “barred CN domain” in order to respond to paging and/or perform a LA/RA registration (PPAC) from idle mode.

Rel-11 Extend Access Class Barring (EAB) provides an additional access class barring mechanism for UEs supporting EAB (the support can be configured in the ME or in the SIM/USIM).

Other mechanisms may be considered, which allow preventing overload of the access channel under critical conditions, spreading access attempts over a larger time frame by means for instance of back-off timers, wait times and persistence values.

In Rel-99, Access Service Class (ASC) allows to configure up to 8 Access Services Classes with different priorities. The Access Service Classes are mapped from the Access Classes (in SIB5 or SIB5bis) for idle mode or correspond to the MAC Logical Channel Priority 
in case of connected mode. The ASC together with other parameters broadcasted in the System Info will determine the persistence value used by the UE to determine whether to start the L1 PRACH transmission procedure in the present TTI or not.

Other Rel-99 methods for the access control are the back-off timer at reception of AICH NACK and the wait timer in Cell Update Confirm and RRC Connection Reject, which allows postponing Cell Update or next RRC Connection Request by 1 to 15 seconds.

In Rel-10, an extended wait time (up to 30 minutes) for UEs supporting "delay tolerant access" can be applied to the RRC Connection Reject, RRC Connection Release and Signaling Connection Release. 

A first finding that can be inferred from this brief description is that the existing methods provide fairly good mechanisms for the access control of users in idle mode. The legacy mechanisms may also be applicable, to a certain extent, to users in CELL_FACH, CELL_PCH and URA_PCH. 

Editor’s Note: Table 1 lists the idle and connected mode scenarios which were identified and agreed for analysis. For each scenario which was analyzed, the reason(s) why improved access control mechanisms are needed/not needed are listed.
	Scenario
	Decision

	Idle Mode
Extended Wait Time
	

	Idle Mode
Initial Direct Transfer
	

	PCH, no seamless transition
UL data activity (Cell Update with cell update cause "uplink data transmission" and Establishment cause not included)
	

	PCH, no seamless transition
URA update (only URA)
	

	PCH, no seamless transition
Cell update (only Cell_PCH, other cell update cases than "uplink data transmission")
	

	FACH and PCH seamless transition 
DTCH transmission
	

	FACH and PCH seamless transition 
Cell Update
	

	FACH and PCH seamless transition 
DCCH on SRB2
	

	FACH and PCH seamless transition 
DCCH on SRB3/4
	

	CELL_DCH
DSAC/PPAC update
	

	Wait Time for URA and Cell PCH no seamless transition
	


Table 1: Idle and connected mode scenarios
5.1.2
Analysis

5.1.2.1
Idle mode
Editor’s Note: At RAN2#83 it was agreed:
-
To address the following solution and capture the advantages/disadvantages in the TR:

Force the UE to re-acquire the SIB3 after state transition from CELL_DCH state or after re-entering service area, regardless of the value tag 

-
To extend the value range of wait time
-
To introduce mechanisms to differentiate the wait time on per CN domain

The wait time differentiation will be applicable to RRC CONNECTION REJECT, RRC Connection Release messages.  Whether this will be applicable to Signaling connection release and CELL UPDATE CONFIRM is FFS.

-
One additional solution for the "per CN domain wait time" is to differentiate based on traffic type.  

5.1.2.2
Connected mode

Editor’s Note: A detailed description of each Connected mode scenario should be captured here.
5.1.2.2.1
CELL_PCH/URA_PCH state without seamless transition

Editor’s Note: At RAN2#83 it was agreed to study the following scenario:
-
PCH, no seamless transition - UL data activity (Cell Update with cell update cause "uplink data transmission" and Establishment cause not included)
5.1.2.2.2
CELL_FACH state and CELL_PCH state with seamless transition

Editor’s Note: At RAN2#83 it was agreed:

-
There is no motivation to do per CN domain MAC level access class control in CELL_FACH. 
-
The following scenarios were agreed be studied:

-
DTCH transmission in CELL_FACH and CELL_PCH seamless transition

-
FACH and PCH seamless transition – DCCH on SRB3/4 (FFS)
-
Access control based on traffic type is one potential solution to control the access of DTCH data in CELL_FACH and CELL_PCH with seamless transition.  It is FFS if the solution can also be applicable for the MAC back-off timer.

5.1.2.2.3
CELL_DCH state

Editor’s Note:  At RAN2#83 it was agreed to study the following scenario
-
The issue of DSAC/PPAC update in CELL_DCH
5.1.3
Solutions

Editor’s Note: A detailed description of each solution/enhancement should be captured here.

5.1.4
Conclusions

Editor’s Note: Overall conclusions for the identified solutions should be captured here.

5.2
UL data compression

5.2.1
Background and motivation

HTTP [1] is the protocol used for retrieving webpages. A visit to a webpage typically consists of the web browser sending multiple, tens of HTTP GET/POST requests. Each GET request is made to obtain an object such as an HTML document, image, video, javascript or CSS file. These objects constitute various aspects of the website, and are processed by the browser to display the final webpage.

The following is a GET request made during a visit to www.amazon.com:

GET / HTTP/1.1

Host: www.amazon.com
User-Agent: Mozilla/5.0 (Windows NT 6.1; WOW64; rv:17.0) Gecko/20100101 Firefox/17.0

Accept: text/html,application/xhtml+xml,application/xml;q=0.9,*/*;q=0.8

Accept-Language: en-US,en;q=0.5

Accept-Encoding: gzip, deflate

Connection: keep-alive

Cookie: x-wl-uid=1nm5D3WRA2mfidzfIEB+fgNN3svOpy/jEBIHq+h8CEk1kt1Cc2DgpNSAnsFxLQwL5hgfY+3MipSY=; session-id-time=2082787201l; session-id=184-2472291-4052047; csm-hit=535.90|; ubid-main=183-3799177-9039917; session-token=N9MiwGi+ROWIfFDs0xTrsA51G5cgeauxP0guon1LbsyU6THBQWb7XrrnNAR9wH6whoEYhZHJq5wRt8CTvuMl+eyIEVmpA3heAV8ijMKMW2mn7S29jSZhknM9/iOsuq0AH1FO63UFXvvbDEf9n6z1taIQ9lNHwpkbaKwWmwTx20hF68aX7ac/qYxHVzWfbMloQx0S1lfHKqVpIqAdZX6eX5MsbEp8haGEfK+FI5p6EczKicv1iYtf9PRTcLdDd4QO8ZWmzp+sudM=

Cache-Control: max-age=0
This GET is requesting the main HTML document for www.amazon.com. The request consists of various HTTP headers such as Host, User-Agent, Accept, Accept-Language, Cookie and others. Some of these HTTP headers, such as User-Agent, Accept-Language and Accept-Encoding would not change over time; and hence carry the same value in subsequent GET requests. The Cookie header, which is often the longest, is used by servers to identify the user over time and hence it is not uncommon for it to appear with the same value across several GET requests. The Host header identifies the location from which an object is requested, and this may also stay the same across GET requests for sites that host all or a majority of objects in one place. 

It is expected that when comparing the stream of GET requests made in the course of downloading a webpage, there is significant redundancy across the GET packets. There are several other HTTP request methods, such as PUT and HEAD which also exhibit a similar behaviour since they follow the same format for HTTP headers. 

By performing UL data compression, the number of bits needed to be sent over the air in order to convey the same amount of information is reduced. This results in a more efficient use of cellular resources by either increasing the application data rate or reducing the Rise-over-Thermal for the system. 

Another possible advantage of compression is that it may enable more of the packets to be transmitted in the Cell FACH state, since the traffic volume threshold for transition to Cell DCH will be exceeded less often. The system benefits of this are reduced time holding dedicated resources in Cell DCH state resulting in reduced Rise-over-Thermal and reduced signalling load due to fewer RRC state transitions. User benefit of this is increased battery lifetime due to less time spent in the power demanding DCH state.

5.2.2
Analysis
Current mechanisms for compression include the header compression algorithms IPHC and RoHC. These algorithms operate on the TCP, UDP, IP headers of data packets. The payload of these data packets is left untouched by these algorithms; hence they cannot be used for compressing the HTTP requests.

IPHC [2] and RoHC [3] are well-studied mechanisms used to compress the TCP/IP headers of data packets. Generally, header compression may provide a compression factor of 5x (i.e. TCP/IP header is reduced by a factor of 5).

Table 2 shows the compression performance of header compression (assuming a 5X compression of the TCP/IP headers) on tcpdump logs collected for mobile devices within a corporate network during lunch time. It was ensured that only traffic going to and coming from the internet was collected. The logs consist of 30 minutes of TCP/IP packets collected from 813 devices. 

	Scenario
	Factor Reduction in Data Transmission for UL 
(Avg_UL_packet_size_original/ Avg_UL_packet_size_compressed)

	Header Compression
	1.9


Table 2: Compression statistic computed over entire IP packets on the uplink

5.2.3
Solutions

Editor’s Note: It was agreed that the UL data compression solution described in R2-132449 is a potential solution 
5.2.3.1
Description of solution
5.2.3.1.1
IPDC
5.2.3.2
Evaluation of solution

5.2.4
Conclusions

Editor’s Note: Overall conclusions for the identified solutions should be captured here.

5.3
Improvements to EUL coverage

5.3.1
Background and motivation

In current 3G networks, there is still a substantial amount of large macro cells where supporting 2ms in the entire cell may be a challenge. In such environments, it may be necessary to fall back to the 10ms TTI when a user approaches the cell boundary. The switch to the 10ms TTI, however, should be made as late as possible in order to retain the advantage of the 2ms TTI and to avoid back-and-forth reconfigurations.

An efficient 2ms to 10msTTI switch is directly related to the accuracy of the coverage measurement and to the speed and robustness of the switching procedure. In case of non-optimal measurement triggers and slow switching procedures, some conservative safety margins have to be taken into account (e.g. long activation time for the switching procedure, leading to an early switch), resulting in further loss of 2ms coverage.
5.3.2
Analysis

5.3.2.1
Improvements to UPH measurements

The switch from 2ms to 10ms TTI is typically triggered by UL coverage measurements. Common methods for measuring the UL coverage are based on Measurement Report event 6A or 6D and UPH.

Event 6A and 6D, when configured, are triggered respectively when the UE Tx power becomes larger than an absolute threshold and when the UE Tx power reaches its maximum value. As for other measurements configured by L3, event 6A and 6D have the advantage of making use of filtering, hysteresis, time-to-trigger etc. which improve stability and avoid fluctuations of the measurements.

On the other hand the tuning of these measurements may be challenging due to the necessity of avoiding  too early triggers (i.e. when the UE is still under a good 2ms TTI coverage) or too late triggers (i.e. the UE has already lost the 2ms TTI coverage and the measurement report cannot be received by the network).

An example of an event triggered too early is when UE Tx power increase is due to a high rate transmission when the UE is still under a good 2ms TTI coverage. An example of an event triggered too late is when the UE is moving out of 2ms TTI coverage when not transmitting data and the UL DPCCH power is still below the reporting threshold. When eventually the DPCCH power triggers the event, the UE will not have enough power to transmit the Measurement Report. 

The UPH, UE power headroom, indicates the ratio of the maximum UE transmission power and the DPCCH code power, averaged over a 100 ms period. The UPH is sent as part of the MAC Scheduling Information. Compared to the event 6A and 6D, UPH provides a better coverage indication since it is based not only on the maximum UE Tx power but also on the UL DPCCH power. However this measurement does not make use of filtering, time to trigger and hysteresis, hence it is subject to fluctuation. One more issue is that the UPH does not have its own triggers but it is sent only when the SI is triggered. Even though the SI can be configured periodically, in CELL_DCH state it cannot be sent if the TEBS (Total EDCH Buffer Status) is equal to zero, i.e. it cannot be sent if there is no data to send.
5.3.2.2
Reconfiguration enhancements

The switching procedure needs to be synchronized in order for the UE and the network to know exactly when the switch takes place. As a synchronized procedure, there is some risk associated with each execution, especially in situations where coverage may be an issue. Furthermore, the activation time is usually set rather conservatively to guard against occasional loss of the reconfiguration message or its acknowledgement. The consequence of an activation time not sufficiently long might be that the Node B and the UE do not switch at the same time, remaining misaligned for one or more CFN cycles.

Figure 1 gives an example of misalignment of E-DCH TTI lengths in the UE and in the network in case of retransmissions of the reconfiguration message.


[image: image2]
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Figure 1

The network sends a reconfiguration message with an activation CFN taking into account at most one retransmission. Both the transmission and the first retransmission of the reconfiguration message are not received by the UE, whereas the Node B has correctly received the reconfiguration order (including the activation CFN). At activation time, the Node B switches to 10ms TTI, whereas the UE still has not received the reconfiguration message and continues operating at 2ms TTI for one more CFN cycle. Data transmitted in the meanwhile will be lost. If SRB2/SRB3/SRB4 are transmitted, the loss of the data will lead to an RLC unrecoverable error.  

The case outlined herein describes some limitations related to the switching procedure, resulting in substantial loss of 2ms TTI coverage. Improvements aimed at reducing the switching procedure lead time and at increasing the procedure robustness would on the other hand allow gaining 2ms TTI coverage.

5.3.3
Solutions

Editor’s Note: At RAN2#83 it was agreed:
UPH measurements

-
New triggering criteria is used to transmit a UPH measurement.  Triggering conditions are configured via RRC signaling. What the triggering criteria is FFS

-
Existing UPH measurements as defined in 25.215 and 25.133 (e.g. the measurement period and accuracy) may not considered optimal for the network to use to make a TTI switching decision.  Enhancements such as changing of window size, filtering, etc, should be considered and analyzed.  

-
The UPH measurement will be sent using the existing SI. It is FFS whether the UPH can be sent using a RRC message.  

TTI switching and configurations

-
Fast TTI switching mechanisms rely on the network pre-configuring in the UE of 2ms and 10ms TTI.
-
The network takes the decision for TTI switching.  It is FFS whether the Node B or RNC takes the final decision.  

-
The Node B sends the final switching order via an HS-SCCH order

5.3.4
Conclusions

Editor’s Note: Overall conclusions for the identified solutions should be captured here.

5.4
Enabling high bit rates
5.4.1
Background and motivation

In a WCDMA system all users share the same uplink radio resources and can access the system at the same time. The separation of different users is achieved by using different scrambling codes. Due to the non-orthogonality of the codes, significant interference is still experienced. The interference increases with the increase of the transmitted bitrates. High bitrates introduce high interference to other users, and those users must increase their transmit power to overcome the interference and maintain their required signal to interference ratio at the receiver, affecting the cell both in terms of capacity and coverage. As a consequence the high bitrates supported by the 3GPP specifications are not sufficiently used in real network and mixed traffic environments. 

It is well known that the most efficient way for a very high bitrate user to transmit in the uplink in a cell is when that user is alone, and can both achieve the required high signal to interference ratio, and avoid affecting other users in the cell. To enable ubiquitous high bitrate operation in a real-network environment, it makes sense to consider ways to isolate high-bitrates transmissions from users that are vulnerable to the high interference created and vice versa.

A natural way to accomplish this within the current WCDMA technology is to make use of a dedicated carrier, e.g. having a first “regular” carrier providing the basic services and a second carrier dedicated exclusively to high-bitrate transmissions. 

One method of implementing this idea is to make use of the Inter-Frequency Handover (IFHO) procedure. Users are admitted on the regular carrier where user bitrates are limited to a certain maximum value. When there is a need for higher rates, the UE is reconfigured to a dedicated high-bitrate carrier using the IFHO procedure. When the need for high rates disappears, the UE is reconfigured back to a “regular” carrier.

This procedure has some major drawbacks when we consider real bursty network traffic, in that it entails continuous re-allocation of system resources and increased RRC signalling (with associated delays). Furthermore the method doesn’t seem to be efficient in case of MRAB (e.g. in case a speech call is initiated while the UE is configured on a dedicated carrier)

An improved method is to make use of the Rel-9 DC-HSUPA feature. A UE can transmit simultaneously on two carriers, a primary carrier and a secondary carrier. The traffic can be split among the two carriers based on the respective serving grants. The primary carrier can be configured as a regular carrier and the secondary as dedicated high-bitrate carrier where only one user is allowed to transmit at a time. When there is no high-bitrate need, the UE is scheduled to transmit data only on the primary carrier. When there is the need, the UE can be scheduled to transmit on the secondary carrier in addition to the primary carrier or on the secondary carrier only, and subject to the availability of the secondary carrier.

This DC-HSUPA method is an obvious improvement for real bursty traffic compared to the IFHO method above. However it still has a number of drawbacks. For example it requires continuous activation and de-activation of the secondary carrier, with evident costs in terms of delays. As an alternative, maintaining the secondary uplink carrier active would imply frequent transmission of the UL DPCCH with increased interference and UE power consumption.

In order to overcome the issues described above, an approach is proposed based on a cost efficient clean carrier concept, i.e., a "Lean Carrier" approach that addresses the following 

1.
Signalling and delays 

2.
Battery consumption for the UE 

3.
Impact of uplink interference on DPCCH of inactive users

4.
Impact of DPCCH of inactive users on network capacity

On top of these high level goals, the Lean Carrier operations have to allow the co-existence of legacy users and Rel-12 users. 

5.4.2
Solutions

Editor’s Note: A detailed description of each solution/enhancement should be captured here.
5.4.3
Conclusions

Editor’s Note: Overall conclusions for the identified solutions should be captured here.

5.5
Study Area "x"
Editor’s Note: This section and sub-sections are provided as a template of the layout to be used when other sub-features, from any participating WG, are added to the Technical Report.
5.5.1
Background and motivation

Editor’s Note: Background and motivation for this study area should be captured here.

5.5.2
Analysis

Editor’s Note: If needed, a detailed description of the current limitations should be captured here.

5.5.3
Solutions

Editor’s Note: A detailed description of each solution/enhancement should be captured here. If needed, each solution may be evaluated separately, using the following layout.

5.5.3.1
Description of solution x

5.5.3.2
Evaluation of solution x
5.5.4
Conclusions

Editor’s Note: Overall conclusions for the identified solutions should be captured here.

6
Impact on RAN WGs

7
Conclusions
Annex A:
Change history

	Change history

	Date
	TSG #
	TSG Doc.
	CR
	Rev
	Subject/Comment
	Old
	New

	2013-01
	R2#81
	R2-130442
	-
	-
	Initial Draft
	-
	0.0.1

	2013-05
	R2#82
	R2-131626
	-
	-
	Updated draft to capture some initial agreements made at RAN2#81bis
	0.0.1
	0.0.2

	2013-05
	R2#82
	R2-132150
	-
	-
	Clean version (Editorial updates)
	0.0.2
	0.1.0

	2013-05
	R2#82
	R2-132167
	-
	-
	Version collecting agreements of RAN2#82 in email discussion [82#07]
	0.1.0
	0.1.1

	2013-05
	R2#82
	R2-132179
	-
	-
	RAN2 agreed version following email discussion [82#07]
	0.1.1
	0.2.0

	2013-08
	R2#83
	R2-132954
	-
	-
	Version collecting agreements of RAN2#83
	0.2.0
	0.2.1

	2013-08
	R2#83
	R2-132976
	-
	-
	RAN2 agreed version following RAN2#83
	0.2.1
	0.3.0



[image: image1.png]=

A GLOBAL INITIATIVE



